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Advertifement. 


U  R  New  Method  of  Chemiftry  being  out  of  print , 
^  it  was  thought  proper  to  give  a  frefh  tranfation •:  of 


Dr.  Boerhaave’j'  Elementa  Chemiae,  rather  than  publifh 
the  former  book  again.  Mojl  of  the  notes  made  ufe  of  in ‘ 
our  firjl  edition ,  are  here  preferved\  and  feveral  others 
are  added \  where  they  feemed  to  be  necejfary.  An  Ap¬ 
pendix  alfo  is  addedy  to  fhew  the  way  of  carrying  the  Art 
Jlill  farther. 


P.  Si. 


/  '  * 

,  •  '  -  / 

The  AUTHOR  to  his  Brother 


JAMES  BOERHAAVE. 


TH  E  conftraint  I  am  under  of  publishing  this  work,  has  obliged 
me,  in  my  old  age,  to  review  many  of  the  labours  of  my 
youth:  and  in  the  courfe  thereof,  I  have  fometimes  been  led 
to  wonder,  both  at  the  number  of  the  experiments  I  have  made,  and 
the  great  danger  that  attended  them.  In  both  which,  however,  I  had 
the  pleafure  to  find  you  my  conftant  aflociate.  You  have  not  forgot  how 
many  days  and  nights  we  have  fpent  together  in  the  chemical  examina¬ 
tion  of  natural  bodies;  at  the  time  when  your  chief  view  was  to  Medi¬ 
cine,  and  mine  to  Theology. 

Providence  indeed  has  difpofed  of  us  otherwife ;  and  exchanging  our 
views,  configned  you  to  the  fervice  of  religion ;  and  made  me,  whofe 
talents  were  unequal  to  higher  things,  humbly  contented  with  the  pro- 
feffion  of  phyfic.  The  prefent  work  therefore  is  with  juftice  addrefs’d 
to  you,  who  had  fo  confiderable  a  Share  in  the  accomplishing  of  it. 
Accept  it  with  the  fame  difpofition  wherewith  it  is  offer’d;  and  let  it 
Stand  as  a  public  monument  of  fraternal  affedion. 

I  have  frequently  thought  my  felf  happy  in  having  a  brother  of  fuch 
fandity  and  manners,  as  render’d  him  worthy  to  be  a  teacher  of  the  ti¬ 
dings  of  falvation;  and  this  both  by  dodrine  and  example;  without 
vainly  afFeding  any  thing  further.  If  I,  too,  have  aded  my  part  in  a 
manner  which  may  give  you  any  pleafure  in  the  refledion,  I  Shall  be 
doubly  Satisfied.  Adieu  Brother,  and  while  you  run  over  the  enfuing 
pages,  remember  what  pleafures  we  have  formerly  reap’d  in  thefe  pur- 
iuits. 

The 


The  A  U  T  H  O  R  to  the 

READER. 


I  Little  imagin’d  that  ever  I  Ihould  publilh  any  thing  in  chemiftry : 
there  are  already  fo  many  books  extant  on  it,  and  leveral  of  them 
fo  well  written,  that  I  fcarce  faw  room  for  me,  either  to  do  better, 
or  to  produce  any  thing  new  upon  the  fubjedl.  The  duty  of  my  pro- 
fefforlhip,  indeed,  required  me  to  give  annual  ledtures  in  chemiftry ;  but 
I  had  no  farther  aim  in  this,  than  to  teach  the  firft  rudiments*  and  ex¬ 
hibit  a  few  examples  of  the  art,  to  thofe  under  my  care.  And  to  this 
end,  the  order  wherein  I  digefted  matters,  and  the  opennefs  and  fim- 
plicity  wherewith  I  deliver’d  them,  might  perhaps  be  of  fervice.  In 
both  thefe  refpedts,  indeed,  my  endeavours  ftill  feem’d  wanting  to  raife 
chemiftry,  at  length,  into  a  rank  with  the  other  academical  fciences 
This  view  I  feduloufly  purfued,  accordingly  5  and  having  done  thus 
much,  thought  my  felf  abundantly  acquitted  j  and  judged  that  nothing 
farther  would  be  expedted  of  me.  But  things  have  taken  a  different  turn ; 
and  the  ingratitude  of  fome  of  my  hearers,  whole  intereft  I  was  ever 
ftudious  to  promote,  together  with  the  infatiate  avarice  of  certain  book- 
fellers,  who  aim  at  lucre  by  the  moft  fcandalous  means  j  have  render’d 
my  profeflorfhip  of  chemiftry  difagreeable  to  me.  In  conjunction,  thefe 
people,  under  a  falfe  pretence  of  the  intereft  of  learning,  have  taken  an  un¬ 
warrantable  liberty  both  with  me,  and  the  public;  and  been  audacious  e- 
nough  to  publilh  Injiitutiones  &  Experimenta  Ghemice  *f*  under  my  name, 
without  my  participation.  I  will  not  rehearfe  the  many  falfe,  ridiculous, 
and  abfurd  things  there  attributed  to  me  in  every  page:  a  detail  too 
naufeous  to  entertain  the  reader  with.  Yet  fuch  is  the  infelicity  of  the 
age,  that  left  future  ones  Ihould  want  fome  proof  of  its  depraved  tafte, 

the 

*  Hence  may  appear  the  reafon  of  our  title ;  the  materials  of  it  in  a  more  natural  and  more 
A  new  Method  of  Chemiftry ;  for  the  author’s  ufeful  order,  than  had  ever  been  done  before, 
aim  is  not  to  improve  the  matter,  but  only  "j-  The  title  of  the  furreptitious  edition, 
the  manner  of  the  fcience :  that  is,  to  difpol'e 
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The  Aothor’j  Preface. 

the  book  thus  vilely  publifh’d,  found  plenty  of  purchafers;  to  the  great 
injury  and  reproach  of  thofe  who  were  weak  enough  to  buy  and 
commend  it.  Hence  I  frequently  lay  under  a  neceffity  of  feeing  the 
detefted  piece,  even  in  the  hands  of  my  auditors;  who,  to  my  face, 
were  daily  comparing  my  words,  as  I  delivered  them,  with  the  text 
thereof.  Tired  out  with  the  infult,  I  fued  for  relief  from  the  Ma¬ 
gi  ft  rates  ;  and  had  obtained  it,  but  that  fome,  from  whom  I  had 
deferred  better,  and  who  had  promifed  me  very  different  ufage,  were 
pleafed  to  create  delays,  and  even  throw  obftacles  in  my  way.  A 
lamentable  inftance  how  fond  fome  perfons  are  of  every  opportunity 
of  affronting  Men  of  Letters  !  On  thefe,  and  other,  motives,  I  relin- 
quilh’d  my  profefforfhip  of  chemiftry ;  which  I  had  no  fooner  done, 
than  I  found-  new  fatigues  prepared  for  me  :  my  friends  began  to-  re-  • 
prefent  to  me  the  necelfity  I  was  under,  of  publifhing  my  Chemical 
Inftitutions  myfelf ;  to  {hew  the  method  wherein  I  had*  taught  the 
art,  both  in  my  public  lectures  and  private.  I  obje&ed  to  them,  that 
the  private  courfe,  being  only  calculated  to  acquaint  beginners  with 
the  firft  elements  of  the  hiftory  and  method  of  chemiftry,  was  unfit 
for  the  public;  and  likely  to  prove  even  difguftful  to  thofe  who  are 
already  proficients.  They  ftill  infilled,  that  the  Ipurious  edition  had 
met  with  fuccefs ;  was  every  where  applauded,  much  call’d  for,  and 
fold  dear ;  and,  unlefs  I  prevented  it,  would  quickly  come  to  a  new 
impreffion.  This  brought  Petrarch  to  my  mind,  who  bewails  the  un- 
happinefs  of  his  age,  upon  finding  himfelf  ranked  among  the  chief 
poets  of  it.  With  what  confidence  could  I,  confcious  of  my  own 
infufficiency,  and  full  of  admiration  of  other  authors,  enter  the  lift 
of  writers  in  chemiftry  ?  At  length,  however,  I  undertook  the  difi. 
guflful  work,  which  1  now  publifh ;  and  which  1  openly  declare  was 
extorted  from  me. 

Thro’  the  whole,  my  view  has  been  to  exprefs  myfelf  in  the  feweft, 
as  well  as  the  cleared  words  pofiible ;  to  which  end  I  have  ftudioufly 
avoided  the  ufe  of  technical  terms  peculiar  to  the  art.  That  this  is 
practicable,  appears  from  the  immortal  works  of  the  incomparable  Agri¬ 
cola  de  Re  Metallic  a,  de  FoJJilibusi  &  Subterraneis.  I  with,  that  in 
compiling  mine,  I  had  been  indulged  fufficient  time,  to  have  imitated  fo 
excellent  an  author !  But,  confidering  the  manifold  diftraCtions  I  la¬ 
boured  under,  and  the  irkfomnefs  of  lo  long  a  work,  ’tis  no  wonder 
if  words  not  purely  Roman3  have  crept  in.  Sometimes  alfo,  I  may 
feem  to  purfue  little  matters  too  minutely ;  but  this  I  did  with  defign 
to  inculcate  caution  upon  the  reader ;  and  teach  him  to  avoid  the  dan¬ 
gers  which  are  here  impending  on  all  hands.  I  had  my  novices  ftill 
before  my  eyes ;  and  was  therefore  obliged  to  point  out  all  the  roads 
of  danger  and  mifchief.  For  the  like  reafon,  I  ufually  keep  to  fingle 
i  <  ex- 
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experiments,  and  do  not  haftily  lay  down  general  rules  ;  that  youth 
may  hence  learn  to  enter  the  laborious,  but  true  path,  which  leads  to 
the  knowledge  of  phyfical  truth. 

It  being  neceffary  to  incorporate  into  the  firft  part,  feveral  chemical 
ledtures  which  I  had  delivered  in  public,  at  different  times,  and  to  con¬ 
firm  them  with  new  obfervations ;  I  have  here  been  fometimes  be¬ 
trayed  into  a  repetition  of  what  had  been  faid  before  :  and  by  fuch 
means,  with  my  own  too  numerous  occupations,  the  book  has  fwell’d 
to  its  prefent  bulk.  How  often,  in  the  courfe  of  the  compofure,  have 
I  envy’d  thofe  happy  writers  who  have  leifiire  to  meafure,  digeft  and 
polifh  their  writings ;  while  I  am  forced  to  pen  my  thoughts  haftily, 
amidft  a  thoufand  avocations,  and  often  necefiitated  to  leave  things  in 
a  condition  very  different  from  what  I  would  have  done,  could  I  have 
enjoy’d  my  wifh’d  retreat;  efpecially  having  it  in  view  to  purfue  and 
corroborate  fome  points  by  new  Experiments  *. 

As  for  the  experiments,  contain’d  in  this  book,  they  have  been 
Ihewn  in  public  fome  years  ago  :  which  I  mention  left  any  one  fliould 
fufpetft  them  furreptitioufly  taken  from  other  authors. 

Be  pleafed,  reader,  to  accept  what  I  here  offer ;  pardon  my  thus 
loading  thee ;  impute  my  confidence  in  publifhing  to  the  earneftnefs 
wherewith  the  firft  book  was  received ;  and  be  affined,  that  the  fol¬ 
lowing  Catalogue,  which  I  do  not  give  without  blufhing,  contains  all 
the  books  publifhed  by  me. 

O ratio  de  commendando  Jludio  Hippocratico ,  delivered  and  printed  at 
Leyden  in  1701.  for  Abr.  Elfevier . 

—  - —  de  Ufu  Ratiocinii  Mechanic i  in 

VerbeJfeL  ^ 

- •  qua  repur  gat  ce  Medicince  facilis  ajj'eritur  /implicit  as,  1709. 

for  John  zander  Linden : 

* - de  comparando  Ce'rto  in  Phyficis,  1715;  for  Peter  vander  Aa . 

- •  de  Chemia  fuos  Err  ores  expurgante ,  1718.  for  Peter  vander 

Aa. 

- - de  Vita  &  Obitu  clariffimi  Bernardi  Alb  ini,  1721.  for  Peter 

zander  Aa. 

- - -  quam  habui ,  quum  hone/a  MiJJione  impetrata ,  Botanicam  & 

Chemicam  Profejjionem  publice  ponerem ,  1729.  for  If.  Severinus. 

-  - de  Honor e  Medici,  Servitute ,  1731.  for  If.  Severinus. 

Infitutiones 

/;i  TT 

*  As  the  author  appears  to  have  wrote  this  has  been  frequently  betrayed  into  omilTions, 
preface,  and  the  Book  itfelf,  under  a  [good  overlights,  and  errors;  which  we  lhall  en- 
deal  of  diftrattion  ;  it  is  no  wonder  that  he  deavour  in  fome  degree  to  avoid. 


Medi cina,  1703.  for  John 
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Injlitutiones  Medica,  in  ufus  annua  Exercitationis  domefticos ,  1708. 
for  John  zander  Linden ,  P.  6c  F.  fince  re-printed  feveral  times, 
with  additions,  8°. 

Aphorifmi  de  cognofcendis  et  curandis  Morbis  in  ufum  Dodlrina  Do- 
me/lica ,  1709.  for  J.  zander  Linden  j  iince  re-printed  feveral  times, 
with  additions,  8°. 

Index  Plantarum  qua  in  Horto  Academico  Lugduno-Batavo  reperiun - 
tur ,  1710.  for  Cornelius  Bouteftein,  8°. 

Libellus  de  Materia  Me  die  a,  &  Remediorum  Formulis,  1719.  for  If. 
Severinus,  8°j  and  fince  again  in  8°. 

Index  alter  Plant  arum,  qua  in  Horto  Academico  Lugduno-Batavo  a- 
luntur,  1720.  for  Peter  vander  Aa. 

Atrocis,  nec  deferipti  prius,  Morbi  Hijloria,  fecundum  Medica  Artis 
Leges  confcripta ,  1724.  for  Bout  eft  e  in ,  8°. 

Atrocis ,  rariftimique  Morbi  Hijloria  altera,  1728.  for  Samuel  Lucht- 
mans ,  and  Theodore  Haak,  8°. 

Trail atus  Medicus  de  Lue  Aphrodiftaca ,  praftxus  Aphrodifiaco ,  1728.. 
for  John  Am  Langerak ,  and  John  and  Herman  Verbecky  fol. 

Fpiftola  pro  Sententia  Malpighiana ,  de  Glandulis  ad  Clarift'.  Ruijchiumy 
40.  for  Vander  Aa. 

All  other  Pieces  publifhed  under  my  name,  excepting  a  few  Pre¬ 
faces,  are  fpurious. 


r 


THE 


(ix) 


THE 


CONT  E  NTS. 


THE  Design  or  the  Work. 
The  difficulty  of  it. 
Practicability  of  it. 

Divifion  of  it. 

The  hiftorical  part. 

Theoretical  part. 

Chemical  theory,  what. 

Limits  of  it. 


1  General  defign. 

ib.  Hillory  of  the  art. 

ib.  Ufe  of  phyfics  and  mathematics  in 

2  miftry. 

ib.  The  theory. 

ib.  The  practical  part.  4  &  n 

ib. '  Method  of  digefting  the  proceffes. 
ib.  Ufe  of  the  theory. 


'2  n 
2,3  n 
che- 
3 

3  n 

5* 

ib. 

4>S 


PART.I. 


G 


ion 

1 1 
1 1 , 1 2 

12 
ib. 
ib. 
ib. 


Ontaininc  the  History  of  Che¬ 
mistry.  7 — 65 

Origin  of  the  name  chemiftry.  7,8 

Fabulous  origin  from  demons.  8,9,10  Sc  n 
Real  antiquity  of  the  name  chemia.  10, 11 
Etymology. 

Literal  fignification  of  it. 

Synonyma’s  of  it. 

Technical  fignifi cation  of  it. 

Name  applied  to  metallurgy. 

Inventor  of  metallurgy. 

Difficulty  of  metallurgy. 

Place  where  metallurgic  chemiftry  was  firft 
cultivated.  13 

Antiquity  of  the  pra&ice  of  chemiftry.  1 3, 

14a 

In  AJia.  ib. 

Then  Egypt.  1 4, 1 5 

Origin  of  alchemy.  15 — 1 7  &  n 

Antiquity  among  the  Greek  clergy.  1 7, 1 8 
Ecdefiaftics  amongft  the  Greeks,  the  chief, 
if  not  the  firft  writers  of  alchemy.  1 1 
•Catalogue  of  unpublifhed  Greek  manofcripts 
treating  of  alchemy.  18 — 25 

Signification  of  chemiftry.  25 

Improvers  of  alchemy.  25,26n 

Origin  of  chemical  phyfic  from  miftakes. 

26 

Account  of  Geber.  26  n 

Writers  on  alchemy  fince  the  Greeks.  26 — 

35 

Viz.  Geber.  26,27 

His  writings.  2711 


Mori e  nus.  27 

His  writings.  27  n 

Albertus  Magnus.  27,28  Sc  u. 

His  writings.  27,280 

Friar  Bacon.  28 — 31  Sc  n 

Ripley.  3 1  &  n 

Amoldus  de  Villa  nova.  31,32  Sc  n 

Raymund  Lully.  3  2 — 34  &  m 

Job.  de  Rupefcijfa.  34  Sc  n 

Ifaac  Hollandus,  Sc  John  Ifaac  Hollandus. 

34&n 

Tranflation  of  chemiftry  to  medicine.  350 
Authors  in  the  medicinal  part  of  chemiftry. 

35 

Bajil  Valentine.  35  &n 

Chemical  and  alchemical  phyficians.  36 
Elated  with  fome  fuccefs.  36 

Especially  upon  curing  the  venereal  dif- 
eafe  by  the  ufe  of  mercury.  36 

Promife  largely.  tb. 

But  perform  little.  ib. 

As  appears  from  the  hiftory  of  Raracelfus. 

.  37 

Raracelfus,  the  firft  public  profefibr  as  an 

alchemift.  38 

His  hiftory  and  works.  37 — 41  Sc  n 

Van  Helmont ,  his  hiftory  and  writings.  41 

* — 46  Sc  r. 

The  method  of  ftudying  chemiftry.  •  46 
Account  of  Crollius.  46  n 

The  fyftematical  writers.  46 — 49 

Account  of  Glafer ,  and'his  works.  47  n 
Of  le  Febure,  and  his  Ivorks.  ib. 

a  Account 


X 


The  C  O  NTE  N  T  S, 


Account  of  Lemery  s  works.  47,48  n 

Of  le  Mart.  ib. 

Of  Barchufen,  and  his  works.  49  n 

Of  Agricola,  and  his  works.  ib. 

Beguitius' s  works.  46,47  n 

The  metallurgical  writers.  49 — 53. 

Account  of  Lazarus  Erckern.  50  n 

Of  Glauber ,  and  his  works.  50,5*  ft 
Of  Becher,  and  his  works..  52,53^ 

Authors  in  alchemy.  5^ — 35 

Account  of  Kunkel  53  n 

Borrich'ius,  and  his  works.  53,54  n 

Writers  in  philosophical  chemidry.  55 — 61 
Account  of  Mr.  Boyle.  55,56  n 


Dr.  Coat’s  papers. 

Dr.  Slare's  papers.  ib.  . 

Homberg,  and  his  writings.  5 6, 57  n 
Dr.  Geoffroy,  and  his  writings.  5  8,59  a 
The  younger,  his  writings.  59  n  ; 
emery,  the  younger,  his  writings.  ib. 

39,60  n 
60  n 


1  in,  1110  wi 

Lemery,  the  younger,  hi 
Stahl,  and  his  writings.  59 

Haff:man,  and  hi*  writings.-  f  ■ -  „ 
Appendix  to  the  cSemical  authors.  01 — 64 

Syd^jnatical  writers.  t  61 

Writers  in  metallurgy.  ’  61,62 

Writers  in  alchemy.  62 

Writers  in  philofophical  chemidry.  63 

Bibliothecarii  chemici.  63,64 

r-  •.  -c.w  r*rr ■ 


PART  IL 


CONTAINING  THE  Th£.OJIY  OF  CHE¬ 
MISTRY.  65 - 593 

Chemidry  defined.,  "  65 

An  art.  66 

Its  objeCt.  ib. 

Bodies  divided  into  kingdoms.  66  . 

Fodils  defined.  ib. 

Of  Metals.  67-T-104 

Metals  defined.'  67 

How  many  metals.*  ib. 

Mercury,  if  a  metal.  ib. 

Ancient  characters  of  metals.  ib. 

Ufed  alfo  for  the  planets.  ib. 

Significations  of  the  Characters.  ib. 

Corrofive,  its  character.  68 

Gold,  its  character. .  ib. 

Silver,  its  character.  ib. 

Quick-filver,  its  character.  ib. 

Copper,  its  character.  ib. 

Iron,  its  character.  ib. 

Tin,  its  character.  ib. 

Lead,  its  character.  ib. 

Antimony,  its  character.  ib. 

Specific  gravity,  the  charaCteridic  of  metals. 

69 

Its  ufe  in  judging  of  metals.  70 

Gold,  its  characters.  70 — ^75 

Its  weight.  ib. 

Its  fimplicity..  ib. 

Its  fixity.  '*  71 

Refids  antimony  and  lead.  ib. 

Its  duCtility.  72 

Noteladic.  73 

Its  fufibility.  '  ib. 

'  Didolves  with  fea-falt.  ib. 

Not  liable  to  rud.  74  .< 

Unites  with  quickfilver.  74 

Emits  no  effluvia.  74 

In  what  forms  found.  75  Se  n 

Pure  obryzium.  ib. 

Its.  ores.  -  •  ib. 


Separation  from  its  ores.  7 7,77  &n 

Additions  to  the  article  Gold.  78 — 80 

How  allayed,  or  combined  with  other 
metals,  and  how  i'eparated  again  there¬ 
from.  7,8  n 

It's  mendruums  or  folvents.  78,790 
Its  various  preparations.  79  n 

Its  ufes.  80  n. 

Of  Mercury.  80 — 84 

Its  characters.  80 — 82' 

Its  weight.  80 

Simplicity.  ib. 

Volatility.  81 

Not  malleable.  ib. 

Union  with  metals.  ib. 

Its^plidblution.  8a . 

Difficult  to  turn  to  gold.  ib. 

Where  found.  ib. 

In  what  form.  ib. 

Separation  from  its  ore.  83  &n 

Additions  to  the  article  Mercury.  83 — 85  n 

Hints  for  its  medical  hidory.  83,84  n 

For  its  alchemical  hidory.  ]  840 

Of  Lead.  84—87 

Its  characters.  ^  84,8  c 

Weight.  84 

Simplicity.  ib.  . 

Volatility.  jb.* 

Softnefs.  ib. 

Fufibility.  ik* 

Its  glafs  very  penetrable.  .  ib. 

Difiblution.  85 

Found  in  plenty.  *  85 

Its  ore.  85 

Supplement  to  the  article  Lead.  85 — 87  n 

The  name.  85  n 

The  forms  of  its  ore.  85  n 

Its  poifonous  nature.  85,86  n 

Difference  of  its  ore.  86  n 

Contains  filver,  .,  ib. 

How  fmelted.  ib. 

Its* 


m  CONTENTS. 


Its  medicinal  virtues. 

$6  n 

Its  other  ufes. 

ib. 

Hints  for  its  alchemical  hiftory. 

ib. 

Of  Silver. 

87—91 

Jts  charaders. 

87 

Its  weight. 

87 

Simplicity. 

ib. 

Fixity. 

ib. 

Malleability. 

ib. 

Fufion. 

ib. 

DiiTolution. 

ib. 

Purification. 

88 

Where  found. 

88 

Manner  of  feparating  and  purifying  of 

filver. 

89  k  n 

Addition  to  the  article  Silver. 

90 

Its  natural  hiftory. 

ib. 

How  feparated  from  its  ore. 

ib. 

Its  virtues  and  medicinal  ufes. 

ib. 

Its  other  ufes. 

ib. 

Hints  for  its  alchemical  Hiftory. 

ib. 

Of  Copper. 

91—93 

Its  charaders. 

9' 

Weight. 

ib. 

Simplicity. 

ib. 

Fixity. 

ib. 

Dudility. 

ib. 

Fufibility. 

ib. 

DiiTolution. 

ib. 

Where  found. 

ib. 

Its  ore. 

ib. 

Additions  to  the  article  Copper. 

92,93  n 

Its  natural  hiftory. 

92  n 

How  feparated  from  the  ore. 

ib. 

Its  medicinal  virtues. 

ib. 

Its  common  ufes. 

92,93  n 

Hints  for  its  alchemical  hiftory. 

93  n 

Of  Iron. 

93-98 

Its  charaders. 

93>94 

Weight. 

93 

Simplicity. 

ib. 

Fixity. 

ib. 

Malleability; 

ib. 

Fufion. 

ib. 

DiiTolution. 

ib. 

Ruft. ' 

94 

Deftrudibility. 

ib. 

Magnetifm. 

ib. 

Salubrity. 

ib. 

Where  found. 

ib. 

•  '  In  what  form. 

ib. 

The  running  of  iron  from  its  ort 

!.  95  n 

Natural  hiftory  of  iron. 

ib. 

Additions  to  the  article  Iron.  95—98  n 

■  Its  natural  hiftory. 

95,96  n 

How  feparated  from  the  ore. 

96  n 

How  made  malleable. 

ib. 

•  Hiftory  of  fteel. 

96,97  n 

Iron,  how  converted  into  fteel  in  the  large 

,  way. 

97  n 

'Jl 


The  medicinal  virtues  of  iron.  97  n 
Hints  for  its  alchemical  hiftory.  97,03  n 
Gf  Tin.  7  ~ 

Its  charaders. 

Levity. 

Its  compofition. 

Volatility. 

Dudility. 

Fufibility. 

Di  Ablution. 

Endures  lead,  &c. 

Its  affinity  to  filver. 

Found  in  what  form. 

Its  feparation. 

Plentifully  found  in  Britain. 

Hiftory  of  tin-ore. 

Additions  to  the  article  Tin. 

How  feparated  from  its  ore. 

Its  medicinal  virtues. 

Ufes. 

Hints  for  its  alchemical  hiftory. 
Appendix  to  the  hiftory  of  metals.  101,102 
Corollaries  drawn  from  the  preceeding  hi- 


98 — 101 

98 

ib. 

98 
ib. 
ib. 
ib. 
ib. 
ib. 
ib. 

99 

ib. 

loo 
99,  too  n. 

.  ico  n 
ib. 
ib. 
ib. 
ib. 


ftory  of  metals. 

The  conftitution  of  metals. 

Interior  weight  of  metals. 

Difficulty  of  making  metals. 

Affinity  of  metals  whence. 

Properties,  which  eafieft  changed. 

Gold,  of  what  compofed. 

Impurer  metals,  of  what  compofed. 
Elements  of  metals. 

Analyfts  of  them. 

Tranfmutation  of  metals. 

No  new  metals. 

Prefervative  from  Impoftures.’ 

Affinity  of  metals,  when  in  fufion. 

Of  Salts. 

Salts  called  concrete  juices 
Charaderiftic  of  falls. 

Species  of  falts. 

Of  common  fait. 

Rock-falt. 

Salt  of  fprings. 

Sea-falt. 

Natural  hiftory  of  rock  fait. 

'Of  fpring-falt. 

Affinity  of  thefe  falts. 

Natural  hiftory  of  fea-falt. 

The  making  of  bay- fait. 

.  •  •  Of  white  fait. 

Of  nitre. 

Of  faltpetre. 

Origin  of  it. 

The  virtues  and  ufes  of  common  fait.  107  n 
Natural*  hiftory  of  nitre.  108  n 

Th'e -manner  of  procuring  falt-petre  in  the 
Eaft.  ib. 

How  refined.  I02n 


103,104 

103 
ib. 
ib. 
ib. 
ib. 
ib. 
ib. 
ib. 
ib. 
ib. 

104 
ib. 

104 
1O4 — 1 1 2 

1 04 
ib. 

105 
ib. 
ib. 
ib. 
ib. 

105  n 

105.106  n 
ic6 

106  n 
ib. 

106.1 07  n 
107 
ib. 
ib. 


a  2 


Its 


xi 


xu; 


The  CONTENTS. 


109, 


Its  virtues  and  ufes. 

Natural  hiftory  of  Borax. 

The  refining  of  Borax. 

Its  virtues  and  ufes. 

Of  fal-ammoniac. 

Cyrenaic  fait. 

Origin  from  foot. 

The  natural  hiftory  of  fal-ammoniac. 


How  made. 

Its  virtues  and.  ufes. 
Of  Alum. 

Its  origin. 
Generation. 
Natural  hiftory* 
Ufes.  ' 

Op  the  Vague  Acid. 
Forms  various  fofiils. 


109  n 
ib. 
1  ion 
non 
1 10 
ib. 
ib. 

I  10, 

inn 
inn 
ui>H2n 

1 1 1, 
ib. 
ib. 
112  n 

ib. 

M2 

ib. 

Affinity  with  fume  of  fulphur.  ib. 

The  principle  of  foffil  falts,  1 1 3 

Of  Sulphur.  1  *3 

Its  character*.  ib. 

Species. 

The  common  fa&itious.  1  J  4 

From  pyrites.  ib. 

Refina  terrae.  ib. 

Natural  hiftory  of  fulphdr.  *J4n 

Its  virtues  and  ufes.  *bt 

Of  OrpimenL  11 5 -7 

Citrine  Arfenic.--  ib. 

Realgar,  arfenic,  and  fandarach.i  ib. 

Natural  hiftory  of  orpiment.  1 1 5  h 

Its  ufes.  115,1 16 n 

Of  arfenic.  >*5 

White  arfenic.-  ib. 

Yellow  arfenic.  ib. 

Red  arfenic.  1 1 6 

Natural  hiftory  of  Cobalt.-  116  n  , 

Its  ufes.  _  ib. 

The  nature  and  ufe3  of  arfenic.  1 16,117  n 
Or  Bituminous  Sulphurs.-,  ir 

Petrol.: 

Naphtha. 

Bitumen.  ib. 

Afphaltum.  &• 

Jewilh  pitch. 

Piffafphaltum.  ib. 

Jet.  ib- 

Thracium  Nicandri.  ib- 

ib. 


"I 


Coal. 

Lithanthrax. 

Amber. 

Its  ufes. 

Oleum  term. 
Barbadces  tar. 


ib. 
ib. 
H9» 

Natural  hiftory  of .  ambergreafe.  119,1 20  n 
Its  ufes.  1 2Q  n 

Op.  Stones.  120 

The  if  chara&er*  ib. 

Natural  -  hiftory  of  gems,  in  general.  120, 

121,122  n 


Species  of  Hones.  121- 

Of  tranfparent  ftones.  122 

Affinity  with  glaCs.  ib. 

Of  cryftal.  ib. 

Diamond.  ib. 

Baftard  diamond..  123. 

White  faphir.  ib. 

Amethyft.  ib. 

Topaz,  ib. 

Ghryfolite.  ib. 

Aftroites.  ib. 

Their  value  whereon  it  depends-.  ib. 

A  lhort  account  of  the  more  curious  tranf¬ 
parent  coloured  gems.  1 23, 1 24 n  * 

Of  femi-tranfparent  ftones.  124 

Their  value.  ib. 

A  lhort  account  of  the  more  curious  femi- 

tranfparent  ftones.  i24n- 

8f  opake  ftones.  124. 

f  the  origin  and  growth  of  ftones.  1 25  n 

Of  Earths.  126 

The  charadlers.  ib. 

Of  boles.  126,127 

Natural  hiftory  of  fand.  I27,i28n 

Of  earths.  1 28,1 29  n 

Qf  Simi-metals*  128 

Their  chara&ers.  1 28 

Their  fpecies.  129  , 

Vitriols.  iff. 

Atramenta  futoria.  ib. 

Chalcantha.  ib. 

From  iron.  ib.  > 

Copper.  ib. 

Species  of  vitriols.  1 30  , 

Green.  ib. 

Blue.  ib. 

White.  .  ib. 

Red.  ib. 

Cyprian.  ib.- 

S6ry,  what..  ib# 

Melenteria,  what.  ib. 

Principles  of  vitriol,  ib. 

Natural  hiftory  of  vitriol.  .  130,131  n 

Of  Cinnabar.  131 

Minium.  ib. 

Natural  hiftory  of  native  cinnabar.  1 3 1  n 
Antimony,  if  capable  of  malleability.  1 32 
Its  affinity  with  arfenic.  ib. 

Bifmuth.  ib. 

Natural  hiftory  of  antimony.  132 

Bifmuth.  ib. 

Zinck.  133  i 

Its  natural  hiftory.  133  n 

Ores.  132  ; 

Lapis  armenus  &  lazuli.  ib. 

Haematites.  ib.. 

Aroma  philofophorum..  133 

Load-ftone.  _  ib. 

Natural  hiftory  of  lapis,  lazuli. .  1 3  3  n 

Hematites.  ib. 

Lead- 


The  CONTEN  T  S. 


Load-ftone. 

Other  principles  of  foffils. 
Their  adive  principle. 
Of  Vegetables. 

Plants,  what. 

Their  root. 

Leaves. 

Flowers. 

Seed. 

Bark. 

Peculiar  juices. 

Of  Animals. 

Spirits  in  animals. 

Their  water. 

Salt. 

Oils. 

Of  the  operations 


OF 


*33^34  « 
>34' 

iff. 

>34—  >4,8 
ib. 
ib. 

140 

141 

142 

>45 

146’ 

>48—155 

>51 

'll 

ib. 

ChemTstr  y. 


^  >55-i7> 

THE  EFFECTS  OR.  PRODUCTIONS  OF  CHE¬ 


MISTRY. 

Extracts. 

Clyffus. 

Magifteries. . 

Elixirs. 

Of  the  use  ot  Chemisty 
philosophy. 
Inflances  of  it. 

Use  of  Chemistry  in 


Chemiftry  neceffary  to  phyfic. 
Phyfiology,  how  procurable. 
Pathology. 

Semeiotics. 

Dietetics. 

Therapeutics. 


'll. 

ib: 
ib. 
ib. 

IN  NATURAL 

172—174 

>73 

medicine.  174 
-178 


>74 

>74»>75 

'll 

>7$  1 77 
>77 


Usefulness  of  Chemistry  in  the  me 

CHANICAL  ARTS.  1 78 — ZO5 

Mechanic  arts,  what.  178 

Painting.  ib. 

Enamelling;  1 79 

Staining  of  glafs,  180 

Dying.  181 

Art  of  glafs;  182—184 

Of  imitating  gems.  185 — 188 

Metallurgy.  188,189 

Art  of  war.  1 89 — 1 9 1 

Natural  magic.  19 1 — 197 

Cookery.  tgj,  1 98 

Art  of  wines.  198,199 

Brewing.  199,200 

Alchemy.  200 — 205 

Of  THE  INSTRUMENTS  OF  CHEMISTRY. 

205—593 

Of  Firei  206—379 

Its  wonderful  nature.  200 

To  be  carefully  fought.-  20 7 

Not  by  hypothefis.  207 

Reafon  of  the  difficulties  attending.  208 


The  requifite  condition  of  thefe  figns.  208 
The  ufe  of  a  certain  fign.  208,209 

The  difficulty  of  finding  fuch  a  fign.  209 
Such  figns  to  be  fenfible  effeds  produced  by 

rrM  .^re*  .  .  209,210 

Their  examination ;  and  firft  of  heat.  2  to, 

211 

Next,  light,  211,212 

And  colours.  212 

Then  the  other  effeds  of  fire.  21 2 

Rarifadion,  a  fign  of  heat.  213,214 

Experiment!.  Iron  expands  every  way  with 
heat.  214,215 

And  contrads  with  cold.  21 5 

The  degrees  of  expanfion  meafured.  215 
All  bodies  expand  with  heat.  216 

But  differently  according  to  their  weight,  ib. 

And  other  properties.  ib. 

Expanfion,  the  meafure  of  heat.  ib.- 

Expanfion  remains  in  folids  fufed  by  heat. 

216,217 

All  the  parts  of  bodies  are  agitated  by 
heat.  21 7 

Even  the  hardeft.  ib, . 

Whether  fire  fufes  even  to  the  elements  of 
bodies.  ib. 

The  particles  of  metal  attrad  one  another 
in  fufion.  2i  8 

Fufion  alone  fits  metals  to  unite  their  fe- 
parated  parts.  ib. 

Bodies  not  every  where  of  the  fame  fize.  ib. 
The  laxity  of  bodies,  what.  ib. 

Exper.  II.  Gold  contrads  all  bodies.  229 , 
Contradion  the  meafure  of  cold.  ib. 

Leffens  the  cavities  of  bodies.  ib. 

Whence  the  relative  weight  of  bodies  be¬ 
comes  uncertain.  ib. 

The  fubftance  of  bodies  is  contraded  by 
cold.  ib. 

Hence  cold  is  proper  to  body.  219,220 
Heat  and.  cold  ad.  ftrongly  in.  all  bodies. 

221 

The  figure  of  the  earth  from  heat  and  cold. 

ib. 

Denfity  from  cold.  222 

The  reciprocations  of  heat  and  cold.  ib. 
Ufeful  in  nature.  222,223  - 

And  continually  agitate  bodies  internally. 

223 

No  fixed  limits  of  cold  j  but  comparative. 

223,224 

And  affignable'.  224 

Exper.  III.  Drebbel’s  air-thermometer.  224 
Improved.  ib. 

CorollaryT.  Fire  expands,  but  does  not  total¬ 
ly  expel  air.  225 

Cor.  II.  The  different  expanfion  of  air  and 
iron.  225,226 


The  figns  of  its  being  prefent,  to  be  firft  Cor,  III.  A  confider able  expanfion  by  a  fmall 
enquired,  ib,-  heat.  226 

1  Cor. 


XIII 


XIV 


the  CONTENT  S. 


Cor.  IV.  The  natural  quantity  of  heat  in  the 
air.  22 6 

Cor.  V.  The  air  always  in  motion.  _  ib. 
Exper.  IV.  Decreafe  of  heat  contracts  air  in¬ 
definitely.  .  226 

Cor.  I.  The  ultimate  pitch  of  this  contraction 
indefinable.  226,227 

Cor.  II.  Air  fit  to  difeover  the  quantity  of 
fire.  227 

Cor.  III.  The  leaft  diminution  of  heat  made 
vifible.  227 

Cor.  IV.  What  is  the  -fummum  frigus,  natural 
and  artificial.  .  ib. 

With  regard  to  the  production  of  ice,  and 
farther.  228 

The  freezing-point  difficult  to  obferve.  228 
The  inftant  of  freezing  indicated  by  hoar- 
froft.  229 

A  furprizing  production  of  cold  difeovered 
by  Fahrenheit.  ib. 

An  incredible  change  of  weight  in  mercury 
by  fire.  231 

Cor.  V.  Air  always  in  motion.  ib. 

Exper.  V.  Pure  fpirit  of  wine  expands  every 
'.  way  in  its  whole  bulk.  ib. 

;  Cor.  I.  The  expanfion  of  fpirit  of  wine  by  the 
heat  of  the  body.  ib. 

Cor.  II.  Difficulty  of  afeertaining  the  rari- 
faCtion  of  fluids.  231,232 

Cor.  III.  Fluids  heavier  at  the  poles  than 
equator ;  whence  the  oblate  fpheroidi- 
cal  figure  of  the  earth.  232 

Cor.  IV.  And  the  failure  of  barometers.  ib. 
Cor.  V.  The*great  rarifaCtion  of  alcohol.  ib. 
Cor.  VI.  Ebullition  the  laft  mark  of  rarifac- 
tion.  232,233 

Cor.  VII.  Alcohol  in  perpetual  motion,  with 
its  confequences  in  phyfic.'  233 

Exper.  VI.  Oil  of  turpentine  dilatable  by 
heat.  ib. 

A  boiling  heat,  the  higheft  that  liquors  can 
receive,  without  impreffion.  233,234. 
The  different  weight  of  the  atmofphere. 

234 

Papin  s  digefter.  ib. 

The  expanfion  of  oil  meafured.  234,235 
Exper.  VII.  The  rarifaCtion  of  boiling  water. 

235 

Exper.  VIII.  The  rarifaCtion  of  quickfilver 
in  boiling  water.  235*236 

Cor.  I.  The  rarifaCtion  of  other  liquors  236 
Cor.  II.  The  dilating  caufe  penetrates  glafs, 
and  other  veffels.  ib. 

Cor.  III.  The  dilating  caufes  arife  from  heat 
or  fire.  ib. 

Scholium.  The  phyfical  mark  of  fire.  ib. 
Exper.  IX.  The  firft  way  of  producing  fire.  ib. 
Cor.  I.  This  production  of  fire  holds  in  every 
feafon.  237 

,Cor.  II.  And  in  every  place.  ib. 


Cor.  III.  Bodies  heated  by  mutual  friCtion  in 


vacuo. 


237 

Cor.  IV  .  Fire  penetrates  all  bodies.  ^  ib. 
Cor.  V.  Its  firft  caufe.  *  237,238 

Cor.  VI.  The  fecond  caufe.  241 

Cor.  VII.  The  third  caufe.  241,242 

Cor.  VIII.  The  three  caufes  of  fire,  by  friCtion 
united.  242 

Leave  its  higheft  degree  undetermined,  ib. 
Exper.  X.  The  interpofition  of  fluid  bodies 
hinders  this  production  of  fire.  242,243 
Cor.  I.  Soft  light  fluids  indifpofed  to  generate 
heat  by  friction.  243 

Cor.  II.  And  bodies  not  much  preffed.  ib. 
Cor.  III.  Or  at  reft.  ib. 

Cor.  IV.  The  natural  abfence  of  fuch  fire.  ib. 
Pure  fire  per  fe,  hardly  to  be  found.  243, 

,  .  T  ■■  244 

The  alchemical  and  ancient  Jewilh  notion 

of  fire.  244 

Cor.  V.  Violent  heat  fuddenly  produced  by 
the  friction  of  metals  againft  light 
fluids.  244,245 

The  doCfrine  afforded  by  the  premifes.  245 
Fire  prefent  every  where.  ib. 

And  in  all  bodies.  ib. 

All  fpace.  245,246 

Continually  in  motion.  246,247 

Fire  does  not  penetrate  the  fubftance  of 
bodies.  247 

Wind  not  productive  of  cold.  ib. 

But  rather  of  heat.  ib. 

Thp’  it  cools  the  body.  ib. 

The  body  hotter  than  the  furrounding  air. 

248 

The  ufes  hereof  in  phyfic.  ib. 

The  aCtion  of  fire  as  generated  by  friction. 

249,250 

Whence  the  folution  of  feveral  pheno¬ 
mena.  250,251 

The  maximum  and  minimum  of  fire.  251 
Why  birds  cannot  fly  high  in  the  atmo¬ 
fphere.  251,252 

Other  circumflances  that  increafe  heat  by 
attrition.  252 

Why  bodies  of  different  denfities  heat  and 
cool  differently.  252,253 

Heat  from  percufiion.  253,254 

By  the  undulation  of  elaftic  bodies.  254 
Fire  not  thus  generated.  ib. 

But  only  collected  and  moved.  ib. 

Recapitulation.  254,255 

Exper.  XI.  The  receffion  of  fire  fpontaneous. 

255 

Cor.  I.  The  proper  conatus  of  fire.  ib. 

Cor.  II.  The  quantity  and  force  of  fire  com- 
puted.  255,256 

Cor.  III.  - By  an  example.  256 

Cor.  IV.  A  more  exaCt  computation.  ib. 

3  Exper. 


XV 


The  CONTENT  S. 


Exper.  XII.  The  fun  determines  fire  to  a  pa- 
rallelifm.  257,258 

Farther  illuftrated.  258,259 

Ooncluded.  259 

Cor.  I.  Upon  altering  the  parallelifm,  heat 
ceafes.  259,260 

Green-houfes,  how  to  be  built.  260 

Cor.  II.  The  degree  of  fire  by  parallelifm, 
compared  with  that  by  attrition.  260, 

261 

Cor.  III.  The  fun’s  heat  rarely  deftroys  ani¬ 
mals  or  vegetables.  261 

Cor.  IV.  - yet  is  not  the  fame  in  diffe¬ 
rent  places.  ib. 

Cor.  V.  - for  feveral  reafons.  262 

Exper.  XIII.  And  particularly  the  coldnefsof 
bodies.  262,265 

Exper.  XIV.  Black  bodies  return  not  the  light 
they  receive.  263 

White  ones  do.  263,264 

So  do  yellow,  and  other  colours.  264 
Cor.  I.  How  far  the  power  of  burning-glafles 
may  be  owing  to  colour.  264 

Cor.  II.  The  heating  and  cooling  colours. 

264,265 

Cor.  III.  The  caufe  of  heat  on  the  earth,  and 
in  the  air.  265 

Cor.  IV.  Meteors,  whence.  ib. 

Cor.  V.  Whence  heat  and  cold  in  the  atmo- 
fphere.  266 

Exper.  XV.  Parallel  fire  collected  to  a  focus. 

266 

In  a  parabolic  concave,  if  practicable. 

ib. 

The  power  of  Vi  lie  tie's  fpeculum.  267.' 

268 

Extraordinary  properties  attending  it,  as 
that  the  rays  of  the  moon  afford  no 
.heat.  268 

Conveniency  and  inconveniency  of  Vil- 
lette's  fpeculum.  268,269 

Cor.  I.  The  fun,  of  all  the  celeftial  bodies,  en- 
creafes  fire  by  parallelifm  or  reflection. 

269 

Cor.  II.  Celeftial  influences  not  owing  to  fire, 
poflibly  to  gravity.  ib. 

Cor.  III.  Various  phaenomena  of  the  atmo- 
fphere  accounted  for.  270,271 

Cor.  IV.  - Efpecially  upon  great  thaws. 

272 

Cor.  V.  The  heat  of  particular  places,- whence. 

272,273 

Cor.  VI.  Recapitulation,  as  to  meteors.  273 
Cor.  VII.  Difficult  to  aflign  the  proportion  of 
fire  in  tlje  catoptric  focus.  ib. 

From  the  pores  of  the  fpeculum.  273 
Its  figure.  273,274 

’  And  uncertain  homogeneity.  274 

The  power  of  fire  not  from  quantity  alone. 

274>275 


The  curvature  of  the  fpeculum  unknown. 

Cor.  VIII.  A  way  of  computing  the  force  of 
fire.  275,276 

Cor.  IX.  - By  the  effeCt  it  produces.  276 

Cor.  X.  The  higheft  effects  of  fire  by  bare  at¬ 
trition.  277 

Exper.  XVl.  The  dioptrical  production  of 
fire.  277, 278 

Cor.  T.  Catoptrical  and  dioptrical  fire  com¬ 
pared.  _  278 

Cor.  II.  Catoptrical  the  ftrongeff.  ib. 

Cor.  Ill,  —————and  clofelt.  ib. 

Exper.  XVII.  The  greateft  dioptrical  fire. 

278,279 

The  principal  effects  of  thefe  fires.  279,280 
Cor.  I.  Dioptrical  fire  in  the  air  280,281 
Cor.  II.  F  ire  by  collifion  quicker  and  Itronger 
than  the  dioptrical.  281 

Cor.  III.  The  fun  not  requifite  to  produce  the 
intenfeft  fire.  281 

Cor.  IV.  The  fun  may  emit  no  fire.  281,282 
Cor.  V.  The  phyfical  means  of  producing  the 
molt  violent  fire.  «  282 

Cor.  VI.  - And  of  great  continuance, - 

without  fewel.  283 

Cor.  VII.  - ACting  ftrongly  in  an  in- 

ltant.  ib. 

Cor.  VIII.  Whence  a  new  notion  of  the  na¬ 
ture  of  fire.  283 

Exper.  XVIII.  That  fire  may  be  united  and 
fixed  in  bodies  for  a  time.  284 

Exper.  XIX. . .  Yet  remain  pure. 

.  284,285 

Exper.  XX.  ■  '  ■  ■  -  Without  increafing 

weight.  285,286 

Cor.  I.  That  fire  is  loofe  and  free,  both  in 
heated  bodies,  and  in  fpace.  286 
Cor.  II.  But  ftrongeft  in  the  centre  of  the 
•  heated  body.  ib. 

Cor.  III.  And  weaker  as  it  recedes  therefrom, 

286,287 

Conffant  ofcillation  in  heated  bodies.  287 

Cor.  IV.  The  quantity  of  fire  hard  to  afiign. 

ib. 

Cor.  V.  Fire  does  not  concrete  with  body.  ib. 

Cor.  VI.  - - Nor  make  it  lighter.  287 

Cor.  VII.  But  is  indifferent  as  to  weight,  ib. 
Cor.  VIII.  The  caufe  of  the  detention  of  fire 
in  bodies.  288 

Cor.  IX.  Is  as  the  bulk  cf  the  body.  ib. 

And  quantity  of  fire.  ib. 

Which  may  be  greater  in  fome  particular 
bodies.  289  - 

Why  water  quenches  fire.  *  ib. 

Prevents  tin  from  melting.  ib. 

Laws  of  nature  with  regard  to  fire.  ib. 

Cor.  X.  Heat  quickly  ceafe?  upon  applying  a 
cold  denfe  body.  290 

Thrge  caufes  of  cooling.  ib. 

Cor. 


XVI 


The  CONTENT  S. 


Cor.  XI.  Why  denfe  bodies  cool  others  fooneft. 

290 

.The  effeft  of  mixing  hot  and  cold  liquor* 
together.  290,291 

And  the  difference.  ‘291 

Fire  refides  in  bodies,  in  proportion  to  their 
bulk.  291 

Cor.  XII.  Large  bodies  detain  heat  long.  291., 

292 

Cor.  XIII  Bodies  of  the  leaf!  furface  moft  re¬ 
tentive  of  heat.  292 

Whence  the, fpherical  figure  of  the,  celeftial 
bodies.  292 

Cor.  XIV.,  Bodies  divided,  cool  the  fooner.  ib. 

Cor.  XV.  The  different  heats  in  men,  whence. 

292,293 

Cor.  XVI.  Where  the  greatefl  heat  in  the  hu¬ 
man  body.  293 

The  heat  of  the  air  in  refpiration.  293,294 
The  furprifing  effefts  of  hotair  on  animals. 

294,295 

i  Cor.  XVII-  What  is  required  to  make  bodies 
moft.  tenacious  of  heat.  295 

-Cor.  XVIII.  Yet  thefe  grow,  cool  in  the  air. 

296 

Cor.,  XIX.  Whether  vibration  be  the  caufe  of 
cheat.  ib. 

Exper.  XXI.  Denfe  bodies  heat  flowly.  ib. 

Cor.  I.  The  difpofition  of  body  to  heat.  ib. 

Exper.  XXII.  Small  bodies  heat  fooner  than 
great.  .  ib. 

Exper.  XXIII.  What  bodies  heat  the  flowed. 

297 

Exper.  XXIV.  No  one  body  naturally  hotter 
than  others.  297,298 

Cor.  I.  The  caufe  of  heat,  and  of  its  con¬ 
tinuance.  298 

Cor.  II.  .  -  —  -Whether  owing  to  fire  itfelf. 

ib. 

Cor.  III.  —— - Or  to  the  matter  of  the  body 

and  the  fire  together.  ib. 

Scholium.  Conclufion  of  the  dcttrine  of  ele¬ 
mentary  fire,  298,299 

The  difcoveries  of  others  upon  the  (abject 

299 

Of  Few* von  the  pabulum  ofFirf. 

# 300 — 342 

Two  ways  of  fire  redding  in  bodies.  300 
The  proper  meaning,  of  fewel,  or  pabulum, 
as  it  relates  to  fire.  300,301 

Vegetable  fewel.  30.1 

When  green.  ib. 

The  procefs  of  ignition  in  vegetables,  to 
fhew  what  is  the  proper  fupport  of 
fire.  ib. 

The  water  of  vegetables.  302,303,304 
The  native  fpirits  of  vegetables.  304 

The  volatile  acid  falts  304,305 

Alcaline  falts.  305 

Eifential  oils.  305,306 


Oil  extinguifhing  fire  and  flame.  306 
Empyreumatic  oils.  306,307 

Charcoal.  307,308 

Afhes,  the  fait  and  earth  thereof,  no -pa¬ 
bulum  of  fire.  308 

Smoke,  a  volatile  coal.  308,309 

A  fire  made,  to  burn  its  own  fmoke.  309, 

310 

Soot.  310,311 

Conclufion  of  crude  vegetable  fewel.  3 1 1 
Wine  not  lighted  by  fire.  ib. 

But  fpirit  of  wine  eafily.  ib. 

Putrefied  vegetables  take  fire.  311,312 
And  certain  inflammable  parts.  312 

Conclufion  of  whatever  is  combuftible  in 
vegetables.  312 — 315 

How  fire  is  fupported  by  its  pabulum.  315, 

316 

Exper.  I.  Flame  and  fire  quenched  by  alcohol. 

316 

Cor.  I.  The  outermoft  furface  of  bodies  only 
inflammable.  ib. 

Cor.  II.  Fire  therefore  does  not  eafily  kindle 
the  moft  inflammable  bodies.  ib. 

Exper.  II.  The  prefervafion  of  fire  and  flame 
by  alcohol.  .3 1 6,3 17,3 18 

Exper.  III.  Pure  flame  examined.  318 

Affords  a  pure  limpid  vapour.  ib. 

Or  water.  318,319,320 

And  au  infenfible  part.  320 

Exper.  IV.  Inftantaneous  production  of  pure 
flame.  320,321 

Whence  boiling  alcohol  is  fired.  321 

And  whence  the  flame  extinguifhed.  321, 

322 

Exper.  V.  Flame  extinguifhed  by  oil.  322 
Exper.  VI.  Flame  increafed  by  oil.  322,323 
Exper.  VII.  The  flame  of  burning  oil  exit- 
mined.  323 

Exper.  VIII.  Water  and  alcohol  examined, 
while  burning  together.  324 

Exper.  IX.  The  .flames. of  alcohol  and  cam- 

Phire\  V-WS 

Exper.  X.  Oil  and  alcohol.  325 

Exper.  XI.  The  Offa-Helmontii.  325,326 
Exper. XII.  Alcohol  and  earth.  326 

Exper.  XIII.  A  mixture  of  alcohol,  oil,  cam- 
phire,  Offa  Helmontii ,  and  earth.  326, 

3  27 

Scholium  I.  Alcohol  the  only  pure  inflam¬ 
mable  fubftance.  327 

Suftains  flame  of  itfelf.  328 

Yields  no  fmoke  but  water.  ib. 

No  afhes.  ib. 

No  fmell  but  of  alcohol.  ib. 

Solidity  not  requifite  in  fewd.  ib. 

Alcohol  holds  water.  328,329 

Produced  from  vegetables.  329 

Its  compofition.  ib. 

Other  fewels  burn  as  alcohol.  ib. 

Schol. 


The  CONTEN  T  S. 


Schol.  II.  The  agreement  betwixt  alcohol  and 
fire.  329 

All  other  fewel  leaves  feces.  329,330 
What  alcohol  would  be  without  water. 

,33° 

Pure  pabulum  of  fire  totally  vanilhes  in  it. 

ib. 

Smoke,  and  allies,  what.  ib. 

Whence  bodies  prove  lefs  combuftible.  ib. 
Fire  greater,  the  lefs  combuftible  the  fewel. 

33°>33I 

And  the  more  ponderous.  3  3 1 

No  fewel  burns  of  itfelf,  but  by  fire.  331 
And  this  fucceflively  in  a  certain  order.  331, 

332 

Fire,  why  ftrongeft  at  a  certain  time.  332 
Why  weak  in  alcohol.  ib. 

The  effeft  of  incombuftible  parts  in  fire. 

ib. 

A  double  matter  in  flame.  ib. 

Fire,  how  heightened.  ib. 

The  caufe  uniting  fire  to  its  fewel.  333 
The  phyfical  manner  of  fire’s  aft ing.  333, 

334 

Why  fire  burns  ftrongeft  in  cold  weather. 

335 

Fewel  does  not  become  fire.  ib. 

Of  fewels  from  Animal  bodies.  335, 

.  336 

Animal  exhalations  fometimes  inflammable. 

335 

Of  fewels  from  fossil  bodies.  336 


Exper.  III. 


-Alcalifcd  alcohol  and  water. 


343,344 

The  caufe  of  the  heat  here  generates,  what. 


Exper.  IV. 
Exper.  V.  ■ 
Exper.  VI. 


-Wine  and  water. 


344 

345 

-Water  and  vinegar.  343 
-Oil  of  tartar  and  water.  343, 

344 

— Water  and  oil  of  turpen- 

346 

— Alcohol  and  oil  of  tur- 

ib. 


~342 

336 

ib. 


Naphtha,  like  alcohol. 

Petroleum. 

Pitcoal.  337 

Sulphur.  ib. 

Fire  rarifies  all  bodies.  338 

This  property  peculiar  to  fire  alone,  ib. 
Fire  every  where  prefent.  338 

And  yet  equally.  ib. 

Collefted  by  attrition.  ib. 

Has  an  expanfive  power.  ib. 

Direfted  by  the  fun.  ib. 

Caufe  of  the  rays  converging  to  a  focus. 

ib. 

Obtained  by  collifion  of  a  fteel  and  flint. 

ib. 

Its  matter  not  fupplied  by  the  fun.  ib. 
Fed.  ib. 

By  alcohol.  ib. 

Whether  void  of  gravity.  339»34° 
Elementary,  may  be  exceflively  encreafed. 

'  34* 

How  preferved.  341,342 

Of  producing  heat  by  the  mixture 
of  Vegetable  bodies.  342 — 349 
Exper.  I  Heat  from  mixing  water  and  fpirit 
of  wine,  3 42,343 

Exper.  II.  —  ■  — Water  and  alcohol.  343 


Exper.  VII.  — 
tine. 

Exper.  VIH.  - 
pen  tine. 

Exper.  IX.  - Diftilled  vinegar  and  oil  of 

turpentine.  346,347 

Exper.  X.  - Vinegar  and  alcohol.  347 

Exper.  XI.  - Oil  of  tartar,  and  oil  of 

turpentine.  ib. 

Exper.  XII.  - -Vinegar  and  oil  of  tartar. 

ib. 

Exper.  XIII.  - Alcohol  and  oil  of  tartar. 

ib. 

Exper.  XIV.  - Alcohol  and  fait  of  tartar. 

348 

Exper.  XV.  - - Salt  of  tartar  and  water. 

ib. 

Exper.  XVI.  - The  fame  and  vinegar,  ib. 

Exper.  XVII.  - The  fame  and  oil  of  tur¬ 
pentine.  ib. 

Of  producing  heat  by  the  mixture 
ofAnimal  andVegetable Sub¬ 
stances.  349,350 

Exper.  I.  Upon  urine  in  various  manners. 

349 

Exper.  II.  On  urrne  again  in  different  manners. 

ib. 

Exper.  III.  On  fait  of  urine,  in  various  man- 

ners.  _  _  _  349>35° 

Exper.  IV.  Spirit  of  fal-ammoniac  with  di¬ 
ftilled  vinegar  in  different  manners.  35a 
Of  producing  Heat  by  the  mixture 
of  Fossils.  350 — 353 

Exper.  I.  Water,  falts  and  fpirits,  &c.  indif¬ 
ferent  manners.  350 

Of  producing  true  Fire  in  a  cold 

BODY,  BY  THE  SOLE  ACCESS  OF 

the  Air.  353 — 356 

The  invention  of  phofphorus.  353 

Animal,  or  Kunkei' s  phofphorus.  ib. 

The  caufe  of  its  burning.  35 3»354 

The  black  phofphorus.  354-355 

How  made.  355 

And  ufed.  355»35^ 

The  caufe.  356 

Of  Fire  produced  from  cold  Fossils, 

BY  MEANS  OF  WATER.  356,357 

Fire  produced  in  iron-filings  and  iulphur. 

356 

Whence.  356,35  7 

Of  the  production  of  Fire  by  the 

MIXTURE  OF  COLD  LIQUORS. 3 57 — 372 

b  Fire 


\ 


xvii 


/ 


•  •  • 
XV11I 


The  CONTENTS. 


Fire  and  flame  produced  by  mixing  fpirit 
of  nitre  and  effential  oils.  35  7 

Elementary  fire  corporeal.  3 57,3 5 8 

Becaufe  extended.  g  358 

And  moveable  or  quiefcent.  ib. 

Refills  bodies.  3  5  3  59 

Is  without  gravity,  and  free  to  move  e- 
very  way.  359 

Confiils  of  the  fmalleil  particles,  359, 

360,361 

The  mod:  folid.  361,362 

The  mod  fmooth.  362 

The  mod  Ample.  362,363 

Always  moveable.  364,365,366 

Are  not  generative  of  fire.  366 

Nor  generable.  ib. 

But  always  the  fame.  366,367 

The  pured  fire  in  alcohol.  367 

Next,  in  diddled  oils.  ib. 

Wood-coal.  ib. 

Turf*  ib. 

Pit-coal,  &c.  367,368 

Fire,  no  univerfal  folvent.  368 

Nor  a  pure  one.  ib. 

Nor  always  powerful.  368,369 

Tho’  feparable  other  ways.  369,370 
Does  not  feparate  bodies  into  their  ele¬ 
mentary  parts.  370 

But  compounds  them.  ib. 

Both  mixes  and  feparates.  370,371 

Adis  differently  with  refpedl  to  the  air. 

.  37l>372 

And  differently,  according  to  its  degrees. 

372 

©F  the  Direction  and  Regulation 
of  Fire  in  Chemistry.  372 — 379 
The  fird  degree  of  fire.  373 

Its  ufes.  ib. 

The  fecond  degree.  373>374 

And  its  ufes.  374 

The  third  degree,  and  its  ufes.  374 

The  fourth  degree.  374 

The  fifth.  374 >3 75 

The  fixth.  375 

How  to  diredl  and  apply  the  degrees  of  heat, 
with  regard  to  the  nature  of  the  fewel. 

With  regard  to  its  quantity. 

And  didance.  375,3 76 

By  agitation  and  compreflion.  376 

The  figure  of  the  furnace.  ib. 

Conclufion  of  the  dodtrine  of  fire.  376,377 
Additional  articles  to  the  hiflory  of  Fire. 

377 

Conclufion.  378 

Of  Air.  379—436 

Air,  how  to  be  enquired  into.  379,380 
An  almod  univerfal  agent.  3.81 

Animates  fire.  ib. 

Adlyases  animals,  vegetables  and  foflils. 

382 


Its  adlion  in  the  bowels  of  the  earth.  382, 

383 

Neceffary  to  the  produdlion  of  animals. 

383 

Its  knowledge  neceffary.  ib. 

The  difficulty  of  the  enquiry.  ib. 

How  to  be  leffened.  ib. 

Air  is  fluid.  383,384 

Owing  to  its  finenefs  of  parts.  384,28c 
The  lubricity  of  its  parts.  385 

Their  mutual  attradlion.  385,386 

Their  mifcibility  with  others.  386 
Whence  its  imperceptibility.  ib. 

Its  abfolute  gravity.  386 

Relative  gravity.  3  87 

The  variablenefs  of  its  weight.  ib. 

Reducible  to  rule.  ib. 

Its  weight  compared  with  water.  ib. 
The  effedts  of  the  weight  of  the  atmofphere. 

388,389 

Of  the  air,  as  a  fluid  and  heavy  body. 

T,  ....  f  .  389,390,39! 

The  elailicity  of  air.  39! 

Peculiar  to  it.  392 

The  law  of  its  elailicity.  ib. 

How  far  carried.  ib. 

Plain  in  the  firll  inllance.  293 

But  lefs  and  lefs  afterwards.  ib. 

The  difcovery  of  this  law.  393 

The  caution  it  requires.  393»394 

Its  elailicity  unalterable*  394,395 

A  Angle  particle  of  air,  not  elallic.  ’395 
Condenfed  air,  a  fluid.  ib. 

Spring  of  air  equal  to  its  weight.  395,396 
A  fmall  part  of  air  equal  in  force  to  a  large 
one.  396 

Air  more  rarifiable  by  fire  than  other  bo- 
dies.  396,397 

Of  the  fame  denfity,  equally  rarified  by 
the  fame  heat.  397 

Denfe  air  made  more  elallic  by  the  fame 

fire-  397,398 

Air  condenfed  by  cold. 

The  fpring  of  the  air  not  deltroyed  by  fire*. 

ib. 

Nor  by  any  other  way.  399 

The  contents  of  air.  ib. 

Fire  in  air.  ib. 

Air  in  water.  ib. 

Fixed  alcali.  400. 

Water  makes  the  greatell  part  of  common 
air.  400,401 

Dew  in  the  air.  401,402- 

Clouds,  whence:  402. 

Fine  rain,  whence.  402,403^ 

Springs,  whence.  403 

Rivulets  and  rivers,  whence.  403 

Water  every  where  contained  in  air.  403, 

4°4 

T urned  to  ice  at  great  heights.  404 

Snow, 


XIX 


The  CONTENTS. 


Snow.  404 

Hail.  404,405 

The  caufes  of  meteors.  405 

Of  the  afcent  of  water.  405,406 

The  power  of  elaftic  moift  air  on  bodies. 

406 — 408 

Other  fubftances  in  the  air.  408 

The  native  fpirits  of  vegetables.  ib. 
Fermented  fpirits.  408,409 

Oils.  409 

Salts.  ib. 

Earths.  ib. 

Animals,  and  their  eggs.  409,410 

Foffils,  vise,  falts.  410 — 412 

Sulphurs.  412 

Metals.  412 — 414 

The  internal  nature  of  the  air.  414 — 418 

A  particular  virtue  in  the  air.  418 — 420 
Exper.  I.  Elaftic  air  adheres  to  folids,  420, 

421 

Exper.  II.  And  to  fluids.  421 

Exper.  III.  And  to  itfelf.  421,422 

Exper.  IV.  Elaftic  air  in  water.  422 — 424 
Air  in  water.  424 

And  other  fluids.  ib. 

Exper.  V.  Air  re-abforbed  by  water.  424,425 
Air  does  not  enter  water  already  faturatea. 

425 

Diffufes  itfelf  thro’  the  whole  bulk  of 
water. 

Exper.  VI.  Air  feparated  by  boiling.  425,426 
Exper.  VII,  Air  feparated  from  water  by 
freezing.  426 

Exper.  VIII.  Separated  from  water  by  alcali. 

427 

Exper.  IX.  Air  from  the  warm  fluids  of  ani¬ 
mals.  ib. 

Exper.  X.  How  much  air  in  water.  429,430 
Air  in  water  is  not  air.  430 

Elafticity  of  air  from  union.  ib. 

The  particles  of  air  very  penetrating,  ib. 
Its  entire  body  not  very  penetrating.  430, 

43i 

Air  from  vinegar  and  crabs-eyes.  431 
From  chalk.  ib. 

Oil  of  tartar  and  vinegar.  ib. 

From  oil  of  tartar  and  oil  of  vitriol.  432, 

433 

From  fpirit  of  nitre  and  iron.  433 

From  fpirit  of  nitre  and  oil  of  caraway,  ib. 
Elaftic  air  produced  from  bodies  by  fire. 

433,434 

Corollaries,  with  regard  to  chemiftry.  434, 

435 

Of  Water.  436 — 473 

Water  hard  to  be  known.  436,437 

Its  mark  to  be  found.  437 

Water  defined.  ib. 

Fire  in  water.  ib. 

Water  mixed  with  the  ingredient?  of  the  at-  • 
mofphere.  438 


.  The  peculiar  weight  of  water  difficult  to 
find.  4  3  9 

Well-water.  439—441 

The  fluidity  of  water.  441 

Depends  upon  fire.  441,442 

Its  fluidity  not  be  heightened.  442 

The  fmallnefs  of  its  particles.  ib. 

Its  penetrability.  442,4.4.2 

Not  general.  '  '  443 

Tho’  heated.  ib. 

Or  comprefled.  ib. 

Made  finer  by  cold  alone.  444 

Not  to  be  attenuated  by  fire.  ib. 

Always  in  motion.  444 

Immutable.  444,445 

Inflexible.  44  s 

And  incompreflible.  445,446 

The  fimplicity  of  water.  446,447 

Its  mildnefs.  447,448 

Is  a  folvent.  448 

For  Ample  foflil  falts.  ib. 

Differently.  448,449 

For  compound  foflil  falts.  449 

Animal  and  vegetable  falts.  ib. 

Shewn  by  experiments.  449,450 

The  proportion  of  water  required  to  diffolve 
falts.  450 — 452 

Water  does  not  diffolve  all  metallic  falts. 

Diffolves  alcohol  and  fermented  oils.  ib. 
Saturated  with  fait,  does  not  diffolve  al¬ 
cohol.  ib. 

In  fome  cafes  attracts  alcohol,  and  leaves 
the  fait.  453 

Diffolves  alcohol  from  oils,  rofins,  and 
camphire.  ib. 

Rofins.  ib. 

Saponaceous  bodies.  ib. 

Attenuated  oils.  453>454 


Air. 


454 


And  fome  terreftrial  bodies,  if  pre¬ 
pared.  ib. 

Infinuates  into  the  pores  of  bodies,  fo  as  to 
encreafe  their  weight  and  bulk.  454, 

45? 

Concretes  with  faline  bodies.  455 

Sulphurs.  <  .  455,456 

Terreftrial  bodies.  456 

Solid  parts  of  animals.  45^,457 

Oils  and  alcohol.  457 

All  bodies  proceed  not  from  water.  457, 

458 

Some  bodies  repel  water.  458 

Of  rain-water.  458 — 460 

How  obtainable  pure.  460,461 

Marks  of  pure  diftilled  water.  461,462 
Spring-water.  462,463 

River-water.  463,464 

Its  weight.  *  464 

Standing  waters.  464,465; 

b  2  Ice, 


XX 


The  CONTENTS. 


Ice,  the  natural  flate  of  water. 

Its  phyfical  effedts. 

Water  conveys  aliment. 

Its  effedts  on  the  body. 
Vegetables. 

In  fofflls. 


Farther  ufes  of  water.  466,467 

The  hot  vapour  of  water  powerful.  467, 

468 

Ice,  whence  lighter  than  water.  468 

Burfts  veffels  in  freezing.  ib. 

From  water  exhaufted  of  air.  469 

The  moft  perfedt  ice.  ib. 

Water  containing  fomething  more  fubtile 
than  air.  470 

Often  wonderfully  concealed.  ib. 

The  waves  of  water.  ib . 

Whether  water  be  convertible  into  earth. 

471,4.72 

Of  Earth.  473 — 489 

Earth  defined.  473 

Explained.  ib. 

Virgin-earth  obtained  from  water.  473,474 
From  calcined  vegetables.  474,475 

From  fmoke  and  loot.  475 

By  diftillation.  475,476 

Earth  in  fixed  alcali.  476 — 479 

From  putrefied  animals.  479 

Diftilled  animal  fluids.  479 — 481 
The  correfpondence  betwixt  animals  and 
vegetables.  481 

Putrefaction  feparates  the  earth  in  vege¬ 
tables.  ib. 

Fermentation  does  not  feparate  the  earth.  482 
Earth  from  burnt  animals.  ib. 

•  In  Foffils.  ib. 

By  diftillation.  483,484 

From  fluid  and  folid  fulphurs.  484 

Whether  earth  be  contained  in  metals,  ib. 

In  quickfilver.  484,485 

Whether  obtainable  from  other  metals.  485 
Refult  of  many  experiments  upon  metals. 

485,486 

Corollaries  from- the  hiftory  of  earth.  486 
Afiimilation  and  propagation  owing  te 
earth.  ib. 

Bodies  having  the  fame  earth,  convertible 
into  each  other.  ib. 

Iron  nearer  to  earth  than  other  metals,  ib. 
Earth  and  quickfilver,  the  fixing  principles 
of  bodies.  487 

Chemical  veffels  owing  to  earth.  ib. 

Earth  fixes  fa!ts.  ib. 

Purifies  volatile  falts.  ib. 

Ufeful  in  diftillations.  ib. 

Elementary  earth  diftinguifhed  from  vulgar 
earths.  488 

Of  Menstrujjms.  489 — 580 

Sedt.  I. 

Of  Menstruums  ingenbral.  489—494 
Menftruums  defined.  489 


465  The  reafons  of  the  term.  489  ' 

465  Property  of  a  menftruum.  489,490 

466  Menftruums  divided  :  490 

ib.  1.  Into  the  dry  kind  before  folution. 

ib.  490,491 

ib.  2.  Dry  after  folution.  491 

3.  Fluid  before  folution.  491,492 

4.  Fluid  after  folution.  492 

The  adtion  of  menftruums.  492 

Further  confidered.  ib. 

This  adlion  depends  both  upon  the  folvent 
and  folvend.  492,493 

Owing  rather  to  attradlion  than  repulflon. 

,  .  491 

This  adlion  fucceflive.  ib. 

Excites  itfelf.  ib. 

Is  increafed  by  fire.  ib. 

Different  heat  required  in  different  fubjedls. 

ib. 

The  operation  of  fire  upon  menftruums. 

493»494 

Seft.  II. 

Of  THE  ACTION  OF  MENSTRUUMS.  494 

—512 

The  aftion  of  menftruums,  what.  494 
The  principles  feldom  change  dthereby.494, 

495 

Aft  by  motion  from  a  particular  caufe. 

495,496 

Seldom  aa  mechanically.  496,497 

What  folutions  are  not  mechanical.  498 
An  inftance  of  mechanical  folution.  ib. 

Of  a  folution  not  mechanical.  ib. 

Menftruums  divided  into  four  kinds,  ac¬ 
cording  to  their  manner  of  diflolving. 

497,498 

This  divifion  illuftrated.  498 

1 .  The  mechanical.  ib. 

2.  The  repelling.  ib. 

3.  The  attraaing.  498 — 500 

4.  An  inftance  of  the  attraaive  and  re¬ 
pellent  power.  500 

Menftruums  aaby  feveral  concurring  ways. 

500,501 

The  concurrent  caufes  of  folution,  'viz.  fire. 

501 , 5°2 

Trituration.  502 

Aa  by  repulflon  and  feparation.  502,503 
By  attraaion.  503 

Whence  new  produaions.  ib. 

Solid  menftruums  aa  as  fluids.  ib. 

One  inftance  of  all  the  caufes  uniting.  503 

— 506 

The  mechanical  aaions  of  menftruums  far¬ 
ther  confidered.  506 

The  fofteft  bodies  may  mechanically  dif- 
folve  the  hardell.  ’  ib. 

Soft  bodies  may  conflft  of  hard  particles,  ib. 
Hence  fluids  may  diflolve  folids  mechani¬ 
cally.  507 

'Fhe 


XXI 


Tie  CONTENTS. 


The  conditions  requifite  to  internal  mecha¬ 
nical  folution.  507,508 

Size  of  the  particles  and  pores.  508 
Their  figure.  508 — 510 

Particles  entring  partially.  510 

Fire.  ib. 

The  inefficiency  of  mere  mechanical  power 
in  folution.  51 1 

Menftruums  acting  by  a  particular  power. 

511,512 

Sett.  II  r. 

Of  aqueous  Menstruums.  512 — 520 
Aqueous  menftruums,  what.  512 

The  heat  of  wrater  limits  its  dilfolving 
power.  512,513 

Illuftrated.  513 — 515 

The  power  of  fire  in  water.  515,516 

Water  diffolves  faline  bodies.  5  1 6 — 5 1 8 
Earthy  bodies  diflolved  in  acids.  518 
Natural  attion  in  the  animal  body.  5 1 8,5  1 9 
Sulphurs  united  with  alcali’s.  519 

Rofins.  519,520 

Aqueous  fol vents.  520 

Sett.  IV. 

Of  Oils  and  oily  Menstruums.  520 

— 526 

Oils.  520,521 

Not  concreting.  521 

Hold  much  fire.  ib. 

Shewn  by  experiments.  521,522 

How  much  lire  may  be  contained  in  oil. 

522 

The  elfett  of  oil  on  animals  and  vegetables. 

522,523 

The  effetts  of  boiling  oil  upon  them.  5  23 
Confequences.  ib. 

Lead  dilfolved  in  oil.  523,524 

Oils  aft  by  means  of  their  own  water  and 
acid.  524,525 

Sometimes  contain  volatile  alcali.  525 
Simple  oils.  525,526 

The  prefiding  fpirit  in  oils.  526 

The  bodies  diffolvable  in  true  oils.  ib. 

Sett.  V. 

Of  Alcohol,  or  spirituousMenstru- 

UMS  PROPERLY  SO  CALLED.  526 

—  528 

Alcohol  a  fecret  Menftruum.  526,527 
May  unite  with  fixed  alcali.  527 

How  prepared.  ib. 

The  bodies  it  dilTolves.  ib. 

Sett.  VI. 

Of  THE  ALCAL1NE  AND  ACID  SPIRITU¬ 
OUS  Menstruums.  *528 

Ambiguity  of  the  word  fpirit.  ib. 

Sett.  VII. 

Of  the  simple  saline  Menstruums. 

528,529 

Salts  neceflary  to  be  known.  ib. 

Their  particles  infenfible.  529 

The  kinds  of  falts.  ib. 


Sett.  VIII. 

Of  fixed  alcali,  as  a  menftruum.  52a — 

Fixed  alcali.  C2Q  rJO 

t.  1  5  3° 

Its  marks.  53^>53^ 

Origin.  531 

Not  yielded  fpontaneoufly  from  plants!  ib. 
Not  a  fimple  body.  ib. 

Its  differences.  c  2  •? 

Kinds.  ib. 

Viz  Pot-alh.  ib. 

How  made.  532,532 

The  alcali  from  wine-lees.  533 

Salt  of  tartar.  533>534- 

Fixed  nitre.  53^ 

Alcali  from  tartar  and  fixed  nitre.  ib. 
Nitre  and  regulus  of  antimony.  534,535 
Its  phyfical  aftions.  535, 53^ 

Repels  air.  536 

Or  ftrongly  attrafts  it.  536,537 

Attrafts  pure  alcohol.  537 

Oils.  537-538 

Acids.  ,  _  538-540 

Alcalies  attraft  acids  varioufly.  540,541 
Queries  about  them.  541,542 

Glafs  from  fixed  alcali.  542 — 544 

Alcalies  differ  in  purity.  544. 

And  from  additions.  ib. 

The  limitation  of  the  power  of  alcali.  544, 

545 

Alcali,  its  attion  upon  bodies.  545 

Volatile  alcali.  C4.ij,C46 

Sett.  VII  r. 

Of  acid  Menstruums.  546 — 555 

Native  vegetable  acids.  546,547 

Fermented  vinous  acids,  both  liquid  and 
folid.  547 

Acetous  acids.  ib. 

Fermenting  acids.  547,548 

Vegetable  acids  by  burning.  548 

Diitilled  acids.  548,549 

Foffil  acids.  549 

The  native  and  fixed.  549 

Acid  in  fulphur.  ib. 

Alum.  ib. 

Vitriol.  549,550 

Properties  of  the  foffil  acid.  550 

The  acid  of  nitre.  55°>55r 

Sea-falt.  331 

Aqua  regia.  55 1  >5 5 2 

Conclufions  drawn  from  the  hiltory  of  acids. 

552,553 

The  agreement  of  acids.  553,554 

Their  differences.  354 

Sett.  IX. 

Of  neutral  Salts  considered  as 
Menstruums.  353 — 569 

The  diffolving  power  of  fal-ammoniac  355, 

556 

Sea-falt  confidered  as  a  menftruum.  556,557 
Nitre  as  a  menftruum.  557 — 559 

Borax 


xxu 


The  CONTENTS. 


Borax,  as  a  menftruum.  559 

Compound  faline  menftruunas.  559 — 562 

Menllruums  from  fixed  alcalies  and  diftilled 
foffil  adds.  562 

From  mixing  fimple  falls  with  others. 

562,563 

New  menftruums.  563,564 

Confcquences  from  the  hiftory  of  men- 
ftruums.  564 — 569 

Sett.  X. 

Of  the  Alcahest,  or  universal 
Menstruum.  569 — 580 

The  hiftory  of  the  alcaheft.  569,570 

The  term.  570J571 

Its  etymology.  571 

Synonyma’s.  57 1,572 

Origin.  <  57**57.3 

;  Effedts  upon  the  fubjedt.  573 

Manner  of  adting.  574 

*  Effedts.  574 — 576 

1  Immutability.  576,577 

Volatility.  578 

Equal.  ib. 

Matter.  ib. 

The  drculatum minus.  578 

Majus.  ib. 

Mercury  and  fait  recommended.  578 — 580 
Of  the  chemical  Apparatus  and 
Vessels.  580 — 586 

Veflels,  what.  580 

Inftruments,  what.  ib. 

The  furniture  of  a  laboratory.  ib. 

Requifites  in  the  veflels.  581 

Their  matter.  ib. 

Of  wood.  ib. 


Glafs.  ib. 

Metal.  581,582 

Earth.  582 

Indian  earthen  veflels.  ib. 

The  figures  of  veflels  for  holding  the  pre¬ 
parations.  ib. 

Veflels  for  operations.  582,583 

Crucibles  and  melting-pots.  583 

Diftilling  veflels.  ..  ib. 

Evaporating  veflels.  ib. 

Retorts.  ib. 

Belt  kind  of  long-necks.  583,584 

Bodies  or  cucurbits.  584 

A  veflel  for  diftilling  alcohol  to  advantage. 

584 

Chemical  phials.  584,585 

Receivers.  585 

Alembic  heads.  585,586 

Circulating  veflels,  or  pelicans.  586 

Of  Lutes.  586 — 588 

Lutes,  what.  586 

Luting  for  aqueous  and  fpirituous  fubjedts. 

ib. 

For  acetous  liquors.  586,587 

Foffil  acids  and  volatile  alcalies.  587 
Coating  for  veflels.  ib. 

Of  Furnaces.  588 — 593 

Several  furnaces,  why  here  omitted.  588 
Furnaces,  what.  ib. 

Conditions  of  the  beft.  588,589 

The  firft  or  fimpleft  furnace.  589,590 

Second  furnace.  590,591 

Third  furnace.  591,592 

Fourth  furnace.  592 

Fifth  furnace,  592,593 


PART  III. 


Containing  the  Processes,  or  O- 

PERATIONS  OF  THE  ART  I — 337 

Preliminaries.  i — 8 

Rules  to  be  obferved  in  conducing  a  courfe 
of  chemical  procefles.  i 

To  begin  with  vegetables.  2,3 

Conditions  of  the  firft  operation.  3 

Of  the  firft  fubjedt.  3,4 

Of  the  firft  initrument.  4 

The  ftrudture  of  vegetables.  4 — 6 

Corollaries  from  the  preceding 
Doctrine  of  Vegetables.  6 — 9 
The  natures  of  vegetables,  with  regard  to 
chemiftry.  6,7 

The  method  to  be  obferved  in  the  procefles. 

7,8 

PART  I. 

Chemical  Operations  upon  Vege¬ 
tables,  9  —  184 


Procefs  I. 

The  diftilled  water  of  rofemary,  extradted 
in  the  form  of  vapour,  by  the  heat  of 
the  fummer’s  fun.  9 

The  nature  and  ufe  of  this  water.  9—13 
Procefs  II. 

The  infufion  and  decodtion  from  the  re¬ 
mainder  of  the  firft  procefs.  13 — 15 

The  nature,  virtues  and  effedts  of  thefe  in- 
fufions  and  decodtions.  15,16 

Procefs  III. 

The  fapo,  defrutum,  extradt,  rob  and  gelly, 
from  the  produce  of  the  fecond  procefs. 

,  .  J6,i  7 

The  nature,  virtues  and  ufes  of  the  pre¬ 
ceding  preparations.  17,18 

Procefs  IV. 

The  calcination  of  the  infipid,  inodorous 
plant,  remaining  after  the  fecond  pro¬ 
cefs,  but  ftill  retaining  its  native  fi¬ 
gure  { 


The  CONTENT  S. 


gure  j  or  its  reduttion  to  inlipid  afhes, 
of  the  fame  form  with  the  plant.  1 8, 1 9 
The  ufe  of  this  procefs.  19,21 

Procefs  V.  ^ 

The  preparations  of  the  third  procefs  afford 
faline  afhes  by  calcination.  21 

The  ufe.  21,22 

Procefs  VI. 

A  recent  plant,  or  the  remains  of  the  firfl; 
procefs,  afford  faline  afhes  by  calcina¬ 
tion.  22,23 

The  ufe.  23 

Procefs  VII. 

The  native  fait  of  plants  from  their  frefh 
expreffed  juice,  by  an  example  in  for- 
rel.  23 — 25 

The  ufe.  25 

Procefs  VIII. 

The  native  fait,  or  tartar,  of  vegetables, 
from  their  fermented  juice.  25 

The  ufe.  26 

Procefs  IX. 

Salt  from  recent  rofemary,  calcined,  after 
the  manner  of  Tachenius.  26 — 28 
The  ufe.  28 — 30 

The  method  of  ufing  thefe  falts  in  medi¬ 
cine.  3°33* 

Procefs  X. 

‘Tachenius’s  fait  from  a  dry  plant  calcined, 
by  an  example  in  Cardms  Benedicius. 

3 1 

The  ufe.  ib. 

Procefs  XI. 

The  fait  from  a  calcined  recent  vegetable, 
in  the  common  method  of  the  trading 
chemifls.  31,32 

The  ufe.  32 

Procefs  XII. 

The  fixed,  corrofive,  fiery,  alcaline  fait,  of 
vegetables  ;  and  its  liquor,  or  oil  per 
deliquium.  33 — 29 

Procefs  XIII. 

The  highly  corrofive  fiery  alcaline  fait, 
with  quick  lime.  39 

The  ufe.  39,40 

Corollaries.  40 — 42 

Procefs  XIV.. 

Corrofive,  fixed,  vegetable  alcali  yields  a 
bitter  cryftalline,  hard,  fixed,  unal- 
caline  and  fomewhat  glaffy  fait.  42,43 
The  nature  and  ufe  of  this  fait.  45 

Procefs  XV. 

The  common  diflilled  water  of  a  frefh  plant,, 
by  the  alembic,  lhewn  in  rofemary. 

43—47 

The  ufe.  47 

Procefs  XVI. 

The  common  diftilled  water  by  the  alembic, 
cohobated  or  returned  back  upon  more 
ef  the  frefh  plant.  48 — 5 1 


Procefs  XVII. 

The  common  diftilled  water  of  a  recent  fer¬ 
mented  plant,  in  the  manner  of  Ludo- 
"vicus ;  by  an  example  in  rofemary. 

The  ufe.  SI,7ri 

Procefs  XVIII. 

The  common  diftilled  water  per  defcenfum , 
from  a  recent  plant  j  by  an  example 
in  rofemary.  C4  cc 

Procefs  XIX. 

Saline  afhes  extrafted  from  the  calcined  re¬ 
mains  of  vegetables.  cc,;6 

The  ufe.  r6,1 7 

Procefs  XX.  3  3 ' 

The  native  oil  of  vegetables  by  expreffion, 
fhewn  in  almonds,  57 — 61 

Procefs  XXI. 

Native  oils  ground  with  water  and  the  mat¬ 
ters  that  afford  them,  make  a  kind  of 
chyle,  milk,  or  emulfion  ;  by  an  ex¬ 
ample  in  almonds.  61 — 63 

Procefs  XXII. 

The  native  oils  of  plants'  prepared  by  fim- 
ple  boiling  with  water.  63 

The  ufe.  64 

Procefs  XXIII. 

Diftilled  or  effential  oils,  by  the  alembic  ; 
from  the  recent  leaves  of  favin.  65 — 67 
The  ufe  67,68- 

Procefs  XXIV. 

The  diftilled  oils  from  dry  leaves,  by  the 
alembic,  fhewn  in  mint.  68,69 

Procefs  XXV. 

The  diftilled  oil  of  flowers,  by  an  example 
in  lavender.  69,70 

The  ufe.  70 

Procefs  XXVf. 

The  diftilled  oils  of  feeds,  by  an  example 
in  fennel.  70,71 

The  ufe.  71,72 

Procefs  XXVII. 

The  diftilled  oil  of  Indian  cloves.  72,73 
The  ufe.  73 

Procefs  XXVIII. 

The  diftilled  oil  of  faffafras  wood,  73,74 
The  ufe.  74: 

Procefs  XXIX. 

The  diftilled  oil  of  cinnamon  74—76 

The  ufe.  76 

Procefs  XXX. 

Oils  diftilled  per  defcenfum ,  ihewnin  cloves. 

76,77 

The  ufe.  7  7,7  8 

Procefs  XXXI. 

A  rob  from  the  remains  of  the  twenty- 
third,  twenty  -  fourth,  twenty  -  fifth , 
twenty-fixth,  twenty-feventh,  twenty- 
eighth,  and  twenty-ninth  proceffes.  83 
The  ufe.  84. 

Procefs 


xxiii 


xxiv 


The  CONTENTS. 


Procefs  XXXII. 

The  diililled  water,  vinegar,  fpirit,  two 
kinds  of  oil,  coal  and  aihes,  from 
guaiacum-wood,  diililled  by  the  retort, 
without  addition.  84 — 86 

The  ufe.  86 — 88 

Procefs  XXXIII. 

A  water,  fpirit,  volatile,  alcaline  fait,  oil 
and  coal,  from  muilard-feed  diililled 
by  the  retort.  88,89 

The  ufe.  89.90 

Procefs  XXXIV. 

The  reparation  of  the  oils  joined  with 
the  other  principles  in  diilillation  ; 
or  their  depuration,  confervation, 
and  converfion  into  balfam  and  rofin. 

90,91 

The  ufe.  9 1 , 1 2 

Procefs  XXXV. 

The  vinegar,  fpirit,  two  kinds  of  oil,  rofin 
and  colophony,  from  turpentine  diilil¬ 
led  by  the  retort.  92 — 94 

The  ufe.  94 — 27 

Procefs  XXXVI. 

The  water,  vinegar,  fetid  fpirit  and  butter, 
from  wax,  diililled  by  the  retort.  97, 

98 

The  ufe.  98,99 

Procefs  XXXVII. 

The  butter  of  wax  turned  into  a  liquid  oil, 
upon  repeated  diilillation  by  the  retort. 

99 

The  ufe.  ib. 

Procefs  XXXVIII. 

Medicated  Elaeofacchara.  100,101 

The  ufe.  i©i 

Procefs  XXXIX. 

Medicated  liquors,  made  by  means  of  many 
of  the  preceding  proceifes.  101,102 
The  ufe.  102 

Procefs  XL. 

Odoriferous  balfams,  artificially  prepared 
from  diililled  oils  wax  and  pomatum. 

102,103 

The  ufe.  103 

Procefs  XLI. 

All  meal  and  malt  afford  an  unaCtive  li¬ 
quor,  by  diilillation  with  water. 

103 

The  ufe.  103,104 

Procefs  XLII. 

Honey  diffolved  in  water  affords,  by  diilil¬ 
lation,  a  water  impregnated  only  with 
the  fmell  of  honey.  1 04 

The  ufe.  ib. 

The  hiilory  of  fermentation.  103 — 120 
Procefs  XLIII. 

Meal  and  malt  mixed  with  a  proper  quan¬ 
tity  of  water,  and  fermented.  1 20, 

121 


Procefs  XLIV. 

Honey  diluted  with  water  and  fermented.  1 2 1 
Procefs  XLV. 

Malt  and  meal  fermented,  afford  an  in¬ 
flammable  fpirit,  and  a  vinegar,  by 
diilillation.  121,122 

Procefs  XLVI. 

Mead  prepared  by  fermentation,  affords  an 
inflammable  fpirit,  and  a  vinegar,  by 
diilillation.  122 

The  ufe.  ib. 

Procefs  XLVII. 

The  re&ification  of  fpirituous  liquors  pro¬ 
duced  by  fermentation.  122,123 

The  ufe.  1  23 

Procefs  XLVIII. 

Alcohol  produced  from  the  fpirits  gained 
by  fermentation,  without  addition. 

124,125 

The  ufe.  125 — 127 

Procefs  XLIX. 

Alcohol  prepared  with  alcalies.  127,128 
The  ufe.  128,129 

Procefs  L. 

The  origin  of  vinegar.  129,130 

The  ufe.  130 - 134 

Procefs  LI. 

The  diilillation  of  vinegar  into  an  acid  wa¬ 
ter,  an  acid  fpirit,  an  extraCl,  a  fapo, 
a  tartar,  and  an  oil.  134 — 136 

The  ufe.  136 

'  Procefs  LII. 

The  rectification  of  diililled  vinegar,  without 
addition.  137 

The  ufe.  ib. 

Procefs  LIII. 

The  rectification  of  diililled  vinegar  with 
verdigreafe.  1 37*1 3^ 

The  ufe.  138,139 

Procefs  LIV. 

The  generation  of  tartar  from  wine.  139, 

1 4° 

The  ufe.  1 40 

Procefs  LV. 

The  refolution  of  tartar  into  water,  an  acid 
fpirit,  oil,  and  fixed  alcaline  fait,  by 
diilillation.  140,141 

The  ufe.  141,142 

Procefs  LVI. 

The  tinCture  of  gum-lac.  142,143 

The  ufe.  143,144 

Procefs  LVII. 

The  tinCture  of  myrrh.  144 

The  ufe.  ib. 

Procefs  LVIII. 

The  tinCture  of  amber.  144,145 

The  ufe.  145,146 

Procefs  LIX. 

TinCture  of  benjamin,  146 

The  ufe.  ib 

Procefs 


XXV 


The  CONTENTS. 


146.147 
*47 

H7 

147.148 


Procefs  LX. 

TinCture  of  Guaiacura. 

The  ufe. 

Procefs  LX  I. 

Tin&ure  of  fcammony. 

The  ufe. 

Procefs  LXII. 

A  purging  potion,  and  a  fudorific  potion. 

148,149 

The  ufe.  149 

Procefs  LXIII. 

Virgin’s  milk.  149 

The  ufe.  io. 

Procefs  LXIV. 

Rofins,  how  made.  1 50 

The  ufe  150 — 152 

Procefs  LXV. 

Efiential  extracts,  {hewn  in  faffron.  152,153 
The  ufe.  153 

Procefs  LX VI. 

Efiential  extracts  {hewn  in  camphire.  1  54 
The  ufe.  ib. 

Procefs  LXVII. 

Chemical  quintelfences.  156 

The  ufe.  155*156 

Procefs  LXVIII.  * 

Dry  quinteffences.  156 

The  ufe.  1 5  7 

Procefs  LXIX. 

The  fimple  aromatic  fpirit  of  lavender- 
flowers.  157 

The  ufe.  158 

_  Procefs  LXX. 

The  Ample  aromatic  fpirit,  from  the  dry 
leaves  of  mint.  158 

Procefs  LXXI. 

The  fimple  aromatic  fpirit,  from  the  green 
leaves  of  rofemary.  158,159 

Procefs  LXXir. 

A  compound  aromatic  fpirit.  159,160 

The  ufe.  1 60 

Procefs  LXXI II. 

Soap  from  exprefled  oils  and  fixed  alcali. 

160,161 

The  ufe.  161,162 

Procefs  LX XIV. 

Soap  from  diftilled  oil  and  fixed  alcali.  162, 

1,63 

The  ufe.  163,164 

Procefs  LXXV. 

The  preparation  of  tartarifed  tartar.  1 64, 

165 

The  ufe.  165 

Procefs  LXXVI. 

Regenerated  tartar.  166,167 

The  ufe.  16.7,168 

Procefs  LXX  VII. 

TinCture  of  tartarifed  tartar.  1 68 

The  ufe.  ib. 


Procefs  LXX VII  r. 

The  diflolution  of  regenerated  tartar  in  al¬ 
cohol.  1 68 

The  ufe.  168,169 

Procefs  LXXIX. 

Harvey’s  tinCture  of  fait  of  tartar.  1 69 
The  ufe.  169,170 

Procefs  LXXX. 

Helmont’s  tinCture  of  fait  of  tartar.  1 70, 171 
The  ufe.  171,172 

Procefs  LXXXI. 

Elix.  proprietati3  with  diftilled  vinegar. 

175 

The  ufe.  173,174 

Procefs  LXXXII. 

Elix.  proprietatis  with  a  diftilled  water. 

1 74 

The  ufe.  ib. 

Procefs  LXXXIII. 

Elixir  proprietatis  with  fixed  alcali.  x  74, 

•75 

The  ufe.  1 75 

Procefs  LXXXI V. 

Elixir  proprietatis  with  tartarifed  tartar. 

175 

The  ufe.  ib 

Procefs  I.XXXV. 

Elixir  proprietatis  with  regenerated  tartar. 

ib.  ' 

The  ufe.  ib. 

Procefs  LXXXV-1. 

The  analyfis  of  foot.  177 

The  ufe.  177,17s 

Procefs  LXXXV1I. 

The  analyfis  of  amber.  1 79 

The  ufe.  180 

Procefs  LXXXVIIL 

The  putrefaction  of  vegetables.  180 — 182 
The  ufe.  182,185 

PART  II. 

ChemicalOperationsuponAnimals. 

184 — 240 

Preliminaries  to  the  operations  on  animals. 

184 — 186 

Procefs  LXXX IX. 

That  recent  cow’s  milk  is  neither  acid  nor 
alcaline,  nor  remarkably  falir.e  or  fpi- 
rituous.  ,  186,18,7 

The  ufe.  i8y 

Procefs  XC. 

Erefh  cow’s  milk  coagulates  with  acids,  even 
in  a  boiling  heat.  187,188 

The  ufe.  188 

Procefs  XCI. 

Recent  cow’s  milk  coagulates,  turns  yel¬ 
low  and  red,  by  boiling  over  the  fire 
with  fixed  alcali.  188 

The  ufe.  1,88,189 

g  "  '  ’  ’  Prccels 


/ 


XXVI 


The  CONTENTS. 


Procefs  XCtl. 

Urine  is  neither  acid  nor  alcaline,  but  fetid. 

189,190 

The  ufe.  190,191 

Procefs  XCIII. 

Frefh  urine  diftilled  in  a  glafs  veffel,  affords 
a  fetid  naufeous  water,  neither  alcaline, 
acid,  faline,  nor  vinous.  191,192 
The  ufe.  192,193 

Procefs  XCIV. 

The  remains  of  recent  urine  are  neither 
acid  nor  alcaline,  nor  truly  faponace- 
ous,  but  faline  and  fetid.  193 

The  ufe.  193,194. 

Procefs  XCV. 

Recent  urine  infpiffated  to  a  fortieth  part, 
and  diftilled  with  fand,  affords  an  al¬ 
caline  fpirit,  an  alcaline  volatile  fait,  a 
very  fetid  oihind  faline  feces.  1 94, 1 95 
The  ufe.  195 

Procefs  XCVI. 

Recent  infpiffated  urine,  diftilled  with  fixed 
alcali.  195,196 

The  ufe.  196 

Procefs  XCVII. 

Recent  urine,  efpecially  when  infpiffated, 
affords  a  fiery  fpirit,  that  is  not  alcaline, 
upon  the  addition  of  quick-lime.  197 
The  ufe.  197,198 

Procefs  XCV  III. 

The  native  fait  of  urine.  198,199 

The  ufe.  199 

Procefs  XCIX. 

Milk  by  digeftion  affords  cream,  and  turns 
four.  199,200 

The  ufe.  200 

Procefs  C. 

Urine  by  digeftion  turns  alcaline,  and 
changes  its  colour,  odour,  tafte,  and 
virtues.  201 

The  ufe.  201,202 

Procefs  Cl. 

Digefled  urine  affords  by  diflillation  an  al¬ 
caline  fpirit,  a  fetid  oil,  a  volatile  al¬ 
caline  fait,  phofphorus  and  fea-falt. 

203,204 

The  ufe.  204,205 

Procefs  CII. 

The  origin  of  fal-ammoniac.  205,206 

The  ufe.  206 

Procefs  CIII. 

Sal-ammoniac  is  neither  acid  nor  alcaline.  206 
The  ufe.  207 

Procefs  CIV. 

Sal-ammoniac  fublimed  into  flowers.  207, 

208 

The  ufe.  208 

Procefs  CV. 

Sal-ammoniac  diftilled  with  quick-lime. 

208,209 


209 


•  *  The  ufe. 

Procefs  CVI. 

Sal-ammoniac  diftilled  with  fixed  alcali,  af¬ 
fords  an  alcaline  fpirit,  and  a  volatile 
alcaline  fait.  209,210 

The  ufe.  210 

Procefs  CVII. 

The  fixed  fait  remaining  in  the  preceding 
procefs  examined.  21 1 

1  The  ufe.  ib. 

Procefs  CVIII. 

A  faline  fpirit  produced  by  mixing  the 
ftrongelt  volatile  alcaline  fait,  or  pure 
alcaline  fpirit,  with  the  ltrongefl  fpirit 
of  vinegar.  211 

The  ufe.  212 

Procefs  C1X. 

The  white  of  new-laid  eggs  neither  acid, 
alcaline,  nor  fpirituous.  ib. 

The  ufe.  212,213 

Procefs  CX. 

The  white  of  eggs  hardened  intoafolidmafs, 
by  the  heat  of  boiling  water.  213, 

9  * 

214 

The  ufe.  •  214 

Procefs  CXI. 

The  white  of  eggs  examined  with  alcohol. 

214 

The  ufe.  ib. 

Procefs  CXII. 

The  recent  white  of  eggs  analyfed  by  diftil- 
lation.  215 

The  ufe.  216 

Procefs  XIII. 

Recent  white  of  eggs  putrefied.  216,217 
The  ufe.  ib, 

Procefs  CXIV. 

Recent  ferum  of  human  blood  neither  a- 
cid  nor  alcaline.  217,218 

The  ufe.  218,219 

Procefs  CXV. 

The  ferum  of  the  blood  putrefied  by  di¬ 
geftion.  2 1 9 

The  ufe.  219,220 

Procefs  CXVI. 

The  ferum  of  the  blood  coagulated  in  boil¬ 
ing  water.  220 

The  ufe.  ib. 

Procefs  CXVII. 

The  ferum  of  the  blood  coagulated  with  a 
dry  heat.  220,221 

The  ufe.  221 

Procefs  CXVIII. 

The  ferum  of  the  blood  coagulated  with 
alcohol.  221 

The  ufe.  221,2*2 

Procefs  CXIX. 

The  ansdyfis  of  the  blood  by  diflillation. 

222,223 

The 


72*  C  O  N 

The  ufe.  223,224 

Procefs  CXX. 

The  analyfis  of  horfes  hoofs  by  diftillation. 

224,225 

The  ufe.  225 — 228 

Procefs  CXXI. 

The  manner  of  depurating  the  produ&ions 
of  diftillation.  227 — 231 

The  ufe.  231,232 

Procefs  CXXII. 

A  foap  prepared  from  pure  volatile  alca- 
line  fait  and  alcohol.  232 

The  ufe.  232,233 

Procefs  CXXrir. 

The  aromatic  fimple  fal  volatile  of  angelica. 

233 

The  ufe.  233,234 

Procefs  CXXIV. 

The  preparation  of  a  compound  fal-vola- 
tile  oleofum.  234 

The  ufe.  »  ib. 

Procefs  CXXV. 

A  particular  preparation  of  fal  volatile  o- 
leofum.  235 

The  ufe.  ib. 

Procefs  CXXVr. 

An  extemporaneous  fal  volatile  oleofum. 

235 

The  life.  236 

Procefs  CXXVII. 

The  phaenomena  of  the  blood  and  ferum, 
from  the  aflion  of  the  air,  water,  fire, 

fal ts,  acids,  &c.  237,238 

The  ufe.  238,239 

PART  III. 

Chemical  Operations  upon  Mine¬ 
rals.  240 — 337 

1.  Processes  upon  Salts.  240 — '264 
Procefs  CXXV  III. 

.  The  examination  of  nitre.  240 

The  ufe.  ib. 

Procefs  CXX IX. 

The  refinement  and  cryftallization  of  nitre. 

241 

The  ufe.  241,242 

Procefs  CXXX. 

Nitre  changed  to  alcali,  with  tartar  and  fire. 

242,243 

The  ufe.  243 

Procefs  CXXXI. 

Nitre  turn’d  to  an  alcali  with  live-coals. 

243-244 

The  ufe.  •  244 

Procefs  CXXXII. 

Sal  prunellae  from  nitre.  245 

The  ufe.  ib. 

Procefs  CXXX  III, 

Sal  polychreftus.  245,246 

The  ufe.  246 


247 

247,248 


TENTS. 

.  Procefs  CXXXI  V. 

Glauber’s  fpirit  of  nitre. 

The  ufe. 

Procefs  CXXXV. 

Glauber’s  dulcified  fpirit  of  nitre.  248,240 

The  ufe.  Jq 

Procefs  CXXXVI. 

The  regeneration  of  nitre.  249,250 

The  ufe.  250 

Procefs  CXXXVII. 

Nitre  regenerated  in  an  unfixed  ftate.  251 
The  ufe.  ib. 

Procefs  CXXXVIII. 

Glauber's  alcaheft.  251,252 

The  ufe.  252 

Procefs  CXXXIX. 

Nitrum  nitratum.  ib. 

The  ufe.  ib. 

Procefs  CXL. 

Vegetating  nitre.  252,253 

The  ufe.  253 

Procefs  CXL.I. 

Spirit  of  nitre  with  bole.  233,254 

The  ufe.  254—256 

Procefs  CXLII. 

Depuration  and  cryftallization  of  fea  fait. 

256 

The  ufe.  256,257 

Procefs  CXUII. 

Glauber  s  fpirit  of  fea-falt.  257,258 

The  ufe.  258 

Procefs  CXLIV. 

Spirit  of  fea-falt,  with  bole.  259,260 

The  ufe.  260 

Procefs  CXLV. 

Glauber's  fal-mirabile.  260 

The  ufe.  260,261 

Procefs  CXL VI. 

Sea-falt  regenerated.  261 

The  ufe.  ib 

Procefs  CXL VII. 

Regeneration  of  fal-ammoniac.  261,262 

The  ufe.  262 

Procefs  CXLV  III. 

Tartarum  njitriolatum.  262,263 

The  ufe.  263 

2.  Processes  upon  Sulphurs.  264 — 277 
Procefs  CXLIX. 

Examination  of  fulphur.  264 

The  ufe.  ib. 

Procefs  CL. 

Flowers  of  fulphur.  264,265 

The  ufe.  265 

Procefs  CLI. 

Acid  fpirit  of  fulphur,  266,267 

The  ufe.  267,268 

Procefs  CO  I. 

Sulphur  diffolved  in  fixed  alcali.  268 

The  ufe  ib. 


xxvii 


C  2 


Procefs 


x.xviii 


i 


The  CONTENT  S. 


Procefs  CLI1I. 

Sulphur  diffolved  in  volatile  alcali.  269 
The  ufe.  ib. 

Procefs  CLIV. 

Solution  of  fulphur  in  alcohdL  269 

The  ufe.  269,270 

Procefs  CJLV. 

Syrup  of  fulphur.  2.70 

The  ufe.  ib. 

Procefs  CLVI. 

Sulphur  diffolved  in  vegetable  expreffed  oil. 

.  271 

The  ufe.  271,272 

Procefs  CLVII.. 

.  Sulphur  diffolved  in  a  dillilled  vegetable  oil. 

2.72 

The  ufe.  272,2.73 

Procefs  CLVII  I . 

Soap  or  balfam  of  fulphur.  273 

The  ufe.  ib. 

Procefs  CLIX. 

Balfam  or  foap  of  fulphur  united  with  al¬ 
cohol.  273,274 

The  ufe.  274 

Procefs  CLX. 

Sulphur  produced  from  oil  and  acid.  274 
The  ufe.  274,275 

Procefs  CLX  I. 

Sulphur  obtained  from  alcohol  and  acid. 

275,276 

The  ufe.  276 

a.  Processes  upon  Metals.  277 — 237 
Procefs  CLXXI. 

Vitriol  of  iron.  277 

The  ufe.  277,278 

Procefs  CLXIII. 

Ludo'iicus' s  vitriol  of  iron,  with  tartar. 

278,279 

The  ufe.  279 

Procefs  CLXIV. 

The  white,  grey  and  red  calx  of  the  vi¬ 
triol  of  iron.  279,280 

The  ufe.  280 

^  Procefs  CLXV. 

The  liquor  of  iron  per  deliquiunt.  280 

The  ufe.  ib. 

Procefs  CLX  VI. 

The  golden  tinfture  of  the  vitriol  iron. 

281 

The  ufe.  ib. 

Procefs  CLXVII. 

Iron  diffolv’d  inRhenilh  wine.  281 

The  ufe.  281,282- 

Procefs  CLXVIIL 

Iron  diffolved  in  vinegar.  282 

The  ufe.  ib. 

Procefs  CLXIX. 

Iron  fublimed  with  fal-ammoniac.  283 

The  ufe.  ~  283,284, 


Procefs  CL XX. 

Extraordinary  effetts  upon  applying  iron  to 
fulphur.  284,285 

The  ufe:  28e 

Procefs  CLXXI. 

The  Calx  of  lead  by  the  vapour  of  vinegar.  28  5 
The  ufe.  286 

Procefs  CLXXIL 

The  vinegar  of  lead.  287 

The  ufe.  jb. 

Procefs  CLXXIII. 

The  fait  of  lead  with  vinegar.  288 

The  ufe.  288,289 

Procefs  CLXXI V. 

The  fait  of  lead  with  fpirit  of  nitre.  289. 
The  ufe.  ib. 

Procefs  CLXXV. 

The  fait  of  lead  treated  with  alcalies.  290 
The  ufe.  ib. 

Procefs  CLXXVI. 

The  calxwaf  the  vitriol  of  lead.  ib. 

The  ufe.  ib. 

Procefs  CLXXVII. 

The  balfam  of  lead  with  expreffed  vegetable 
oils.  291 

The  ufe.  ib.  » 

Procefs  CLXXVIir. 

The  balfam  of  lead  with  dillilled  vegetable  . 
oil.  29 1 

The  ufe.  292  • 

Procefs  CLXXIX. 

Glafs  of  lead.  292 

The  ufe.  292,293 

Procefs  CLXXX. 

Solution  of  pure  filver  in  fpirit  of  nitre, 
or  aqua  fort  is.  293 

The  ufe.  294 

Procefs  CLXXXI. 

Vitriol  of  filver.  -  294 

The  ufe.  ib. 

Procefs  CLXXXII. 

Lunar  caullic,  or  lapis  infernalis.  295 

The  ufe.  295,206 

Procefs  CLXXXT1I. 

Silver  pill  of  Boyle  or  Angelas  Bala.  296 
The  ufe.  296,207 

Procefs  CLXXXIV. 

Inflammable  filver.  297 

The  ufe.  297,208" 

Procefs  CLXXX  V. 

Recovery  of  filver,  when  diffolved  in  fpirit 
of  nitre.  298  1 

The  ufe.  298,299 

Procefs  CLXXXVI.' 

Luna  cornea .  299,300 

The, ufe  300 

Procefs  CLXXXVII. 

Tin  diffolved  jn  aqua  regia .  300,301 

The  ufe.  _  ‘ '  301 

Procela : 


A 


the  CONTENTS. 


Procefs  CLXXXVIII. 

Copper  dilTolved  in  diftilled  vinegar.  301, 

302 

The  ufe.  302 

Procefs  CLXXXIX. 

Solution  of  copper  in  fal-ammoniac.  302 

The  ufe.  ib. 

Procefs  CXC. 

Copper  diffolved  in  aqua  forth 
The  ufe. 

Procefs  CXCI. 

'  Copper  diffolved  in  aqua  regia. 

The  ufe. 

Procefs  CXCII. 

Copper  diffolved  in  volatile  akali.  303 

The  ufe.  303,304 

Procefs  CXCIII. 

Purification  of  quicldilver. 

The  ufe. 

Procefs  CXCIV. 

Quicldilver  diffolved  in  aqua  fortis.  305 

The  ufe.  ibv 

Procefs  CXCV. 

Vitriol  of  quickfilver.  305,306 

The  ufe.  306 

Procefs  CXCVI. 


302 
302,303 

303 
ib. 


■ton, 


304 

ib. 


The  analyfis  of  vitriol  into  fpirit,  oil, 
and  colcothar.  318,319 

The  ufe.  319,320 

jljflS  r  £776fJS»  320 

The  ufe.  320,324 

2.  Processes  ufoN  the  sulphureous 

Semi-metals.  3  Zi _ 337 

Antimony  diffolved  in  aqua  regia.  321 
The  ufe.  /£. 

The  true  fulphur  of  antimony.  321, 

322 

The  ufe.  322 

Glafs  of  antimony.  322,323' 

The  ufe.  525 

The  regulus  of  antimony  with  falts. 

323,324 

The  ufe.  f4,325 

Regulus  of  antimony  with  iron  and  nitre. 

325 

The  ufe.  _  _  325,326 

The  alchemical  regulus  of  antimony.  326, 

327 

The  ufe.  327 

The  golden  fulphur  of  antimony.  328 
The  ufe.  jb 

Procefs  CCXV. 


White  precipitate  of  mercury. 

306 

The  crocus  of  antimony. 

.  ib. 

The  ufe. 

306,307 

The  ufe. 

328,329 

CXCVII. 

Procefs  CCXVI. 

Red  precipitate  of  Mercury. 

307,308 

A  mild  emetic  from  antimony. 

329 

The  ufe. 

308,309 

The  ufe. 

il 

Procefs  CXCVIII. 

Procefs  CCXVII. 

Mercury-fublimate. 

3°9 

A  diaphoretic  antimony  with  nitre,  ib. 

The  ufe. 

309,310 

The  ufe. 

ib. 

Procefs  CXGIX. 

. 

Procefs  CCXVIII. 

Turbith  of  mercury. 

310,311 

Common  diaphoretic  antimony. 

33°  * 

The  ufe. 

311,312 

The  ufe. 

ib . 

Procefs  CC. 

Procefs  CCXIX. 

Fiery  oil  of  mercury. 

312 

Nitrum  antimoniatum. 

ib. 

The  ufe. 

3*3 

The  ufe. 

ib. 

Procefs  CCI. 

Procefs  CCXX. 

jEthiops  of  mercury. 

The  ufe. 

Procefs  CCII. 

Paflitious  cinnabar. 

The  ufe. 

Procefs  CCII  I. 

Mercury  amalgamated"  with  lead  and  other 


3*3 

ib* 


314 

ib: 


metals. 

The  ufe. 

Procefs  CCIV. 

Metals  wafhed  with  Mercury. 

The  ufe. 

Procefs  CCV. 

Solution  of  gold. 

The  ufe. 

4.  Processes  upon  Sempmetals.  318 

— 337' 

x.  Upon  the  saline  kind.  318— 32.1- 


313- 

3iS>316 

316 

ib: 


317 

ib. 


The  fixed  fulphur  of  antimony.  330, 

33l 

The  ufe.  331 

Procefs  CCXXI. 

The  diftillation  of  antimony  into  an 
icy  butter  and  cinnabar.  331,332 
The  ufe.  332,333 

Procefs  CCXXII. 

Butter  of  antimony  diftilled  into  a  liquid 
oil.  -  333 

The  ufe.  333 

Procefs  CCXXII r. 

The  tnercurius  vita  of  antimony,  and 
its  regulus.  333’334 

The  ufe.  334 

Procefs  CCXXIV. 

The  philofophic  fpirit  of  vitriol.  ib. 

The  ufe,  334>334 

Procefs 


xxix 


XXX 


The  CON  T  E  NTS. 


Procefs  CCXXV. 

Helmont' s  flowers  of  antimony. 

The  ufe.  336 

Procefs  CCXXVI. 

Helmont's  fixed  diaphoretic  flowers  of 

antimony.  -  336 

The  ufe.  ib. 

Procefs  CCXXVII. 

Helmont's  purging  Diacelta teflon,  from 
the  fixed  flowers  of  antimony.  336, 


The  ufe. 


Appendix,  337—343 

'  Chemical  Solution.  337,338 

Coagulation.  538 

Precipitation.  338,339 

Effervescence.  339 — 34* 

A  fhort  recapitulation  of  the  doCtrine  of 
acid  and  alcali.  341 

The  production,  deftruCtion,  and  change  of 
taftes  and  odours.  ib. 

The  production,  deftruCtion,  and  change  of 
colours.  341 — 343 


THE 


- 


THE 


DESIGN  OF  THE  WORK. 


1  *  T\  Jt  ^  '1S  t0  initiate  ftudents  in  the  knowledge  of  che-  Defign* 

\/ 1  miftry :  and  to  do  this  in  the  moft  effectual  manner,  I 

X  ▼  ^  Ehall  give  a  clear  methodical  explication  of  all  that  is  necef- 
fery  for  underftanding  the  belt  authors,  and  for  performing  the  chief 
operations,  in  this  experimental  art ;  that  both  head  and  hand  may 
come  qualified  for  the  effectual  treatment  of  it  ( a ). 

2.  This,  it  mull  be  own’d,  is  no  eafy  thing  to  do,  in  a  fcience  like  Difficulty  of 
chemiftry ;  which  has  been  cultivated  rather  by  experiments  at  random,  lt' 

than  upon  any  regular  principles  ;  and  by  perfons  ufually  deftitute  of  all 
affiftance  of  learning,  or  knowledge  in  the  liberal  arts.  The  materials 
they  have  left  us  are  only  a  confufed  heap  of  events  and  incidents, 
haftily  put  down,  juft  as  the  things  themfelves  happened  to  turn  up : 
in  which  alfo  many  particulars  are  either  fuppreffed,  or  very  remifily 
related,  merely  becaufe  familiarly  known  to  themfelves,  though  other- 
wife  of  the  utmoft  importance,  efpecially  to  beginners,  in  order  to  their 
conceiving  the  true  principles  on  which  other  things  depend.  And  what 
ftill  further  inhances  the  difficulty,  the  profefTors  of  this  art,  unquali¬ 
fied  as  they  were,  have  often  taken  upon  them  to  reafon  and  difpute, 
advance  general  rules,  and  enter  into  the  caufes  of  phenomena  [b\ 

3 .  Yet  all  thefe  obftacles  may  be  furmounted,  by  making  a  colledion  of  PretaUaiiUtf 
the  feveral  effieds,  which  the  art  has  actually  produced ;  juftly  deducing  Cj  u' 
general  rules  therefrom ;  and  duly  digefting  the  whole :  efpecially  if 

this  be  undertaken  by  a  perfon,  who  has  not  only  been  much  conver- 
fant  in  the  art  itfelf ;  but  has  cultivated  his  genius  by  due  exercife  and 
application.  In  which  refpeds  I  may  be  allowed  to  own  myfelf,  not 

B  '  alto- 


( a )  The  manner  of  the  author  in  addreffing 
himfelf  to  his  pupils,  as  if  they  were  con- 
ftantly  before  him,  is  here  changed  for  the 
common  method  of  writing,  which  we  ap¬ 
prehend  will  be  found  more  agreeable.- 

[b)  A  very  large  part  of  chemiitry  ftill  lies 
in  the  fame  diforder ;  as  we  find  in  the  va¬ 
rious  writings  of  thofe  called  the  adepts,  and 


the  numerous  chemical  works  of  Glauber ,  Be - 
cber,  Kunkel,  Boyle ,  &c.  which  might  be  di- 
gefted,  verified,  and  reduced  to  rule,  for  en¬ 
larging  the  fcience.  And  the  doing  ot  this  we 
judge  would  not  only  contribute  to  the  im* 
provement  of  chemiftry  ;  but  of  feveral  other 
branches  of  natural  philofophy,  and  many  of 
the  arts. 


2  Defign  of  the  Worh 

altogether  unqualified :  whence  it  is  with  the  more  afiu ranee  that  I 
Dwifion  of  it.  enter  upon  the  prefent  courfe  3  which  will  be  diftributed  into  three 
parts  ( c ). 

4.  The  JirJi  will  rehearfe  the  origin,  progrefs,  cultivation,  and  for¬ 
tune  of  chemiftry  j  recite  the  primitive  authors,  according  to  the  order 
of  time ;  briefly  indicate  their  agreement,  or  difagreement,  on  certain 
points ;  with  the  feefts  that  arofe  from  them,  and  the  advantages,  or 
difadvantages,  which  hence  accrued  to  the  art  j  hill  afligning  to  each 
the  fhare  of  merit  and  glory  that  is  his  due ;  and  candidly  beftowing  ap- 
plaufe  on  fuch  as  have  been  mod  ufeful.  And  from  hence  may  they, 
who  have  occafion  to  purfue  this  fcience,  be  furniftied  with  ufeful  no¬ 
tices,  to  guide  their  heps.  My  rule  in  compiling  this  part  fhall  be  the 
law  commonly  preferibed  to  hihorians,  which  enjoins  the  moh  rigid 
fidelity  (d). 

5.  The  Jecond  part  will  deliver  certain  theorems,  or  principles  of  che¬ 
miftry  ;  wherein  all  the  phyfical  truths,  which  have  hitherto  been  dis¬ 
covered  by  chemihs,  are  accurately  comprized.  Thefe  are  of  a  general 
nature,  and  will  ferve  to  explain  certain  previous  operations  3  by  means 

Chemical  the -  whereof,  all  thofe  in  the  art  of  chemihry  are  to  be  effected.  For  we 
cr-y  ivhat .  allow  of  no  other  theory  in  chemihry,  except  what  is  built  on  general 

laws 3  which  muh  originally  have  been  deduced  from  a  multitude  of 
common  incontehable  fadts,  always  happening  in  the  fame  manner,  fo 
as  to  authorize  the  enacting  them  into  a  general  rule(^).  Nor  is  it  al- 
Limits  of  it.  lowable  to  extend  even  fuch  rule,  however  true  it  may  prove  5  but  only 

to 


Jliflorical 

fart. 


Theoretical 

fart. 


General  Defign. 

(c)  In  our  former  edition,  the  author  lays 
down  his  defign  thus.  “  What  we  are  now 
“  entring  upon  is  a  body  of  chemifiry,  deli- 
“  vered  in  clear  terms,  founded  on  fure  prin- 
“  ciples,  and  railed  with  undeniable  experi- 
“  ments :  in  the  courfe  whereof,  will  abun- 
“  dantly  appear  the  vaft  extent  and  impor- 
44  tance  of  the  art ;  and  the  fhare  it  has,  not 
“  only  in  medicine,  but  in  all  the  parts  of 
“  natural  philofophy,  and  the  mechanic  arts. 
“  To  accomplifh  this  the  more  diftin&ly  and 
“  fully,  we  divide  the  whole  into  threp  parts, 
“  hiftorical,  theoretical ,  and  praSlicalt' 

The  Hifiory  of  the  Art. 

(d)  It  appears  from  hence,  that  the  author 
had  formed  a  noble  defign  of  giving  a  moll 
curious  and  ufeful  hiftory  of  the  art :  we  ear- 
neftly  wifh  he  had  taken  time  to  fi.nifh  it ! 
The  defign  of  it  is  concifely  laid  down  in  our 
former  edition  thus.  “We  fhall  fhew,  from 
“  the  mod  ancient  and  authentic  remains  of 
“  hiftory,  (i.)  What  the  art  originally  was. 
“  (2.)  In  what  country,  at  what  time,  and  by 
“  what  perfons  invented,  cultivated,  and  im- 


“  proved.  (3.)  How  it  degenerated,  and  was 
“corrupted.  (4.)  How,  and  by  what  hands, 
“  it  was  again  purged  and  reftored  :  and,  (5.) 
“  How,  through  various  ages,  nations,  and 
“  authors,  it  is  at  length  tranfmitted  to  us.” 

(e)  It  is  pity  the  author  had  not  formed  a 
direff  theory  of  chemiftry  by  this  rule :  we 
fear  the  large  part  of  the  work,  called  by  the 
name  of  theory,  will  be  found  a  fomewhat 
different  thing,  from  what  appears  to  be  here 
defign’d.  Inltead  of  a  theory  of  chemiftry,. 
in  his  own  fenfe  of  the  word,  he  feems  to 
have  given  a  large  portion  of  natural  and  ex¬ 
perimental  philofophy,  relating  to  the  art  \ 
with  fome general  theorems  interfperfed.  What 
feems  to  approach  the  neareft  of  any  part  to 
the  theory  here  propofed,  is  the  chapter  of 
menfiruums ;  which  contains  many  general 
truths,  derived  refpe&ively  from  a  number  of 
chemical  experiments,  all  confirming  the  fame 
thing.  But  as  for  a  juft  theory  of  chemiftry, 
it  feems  to  be  hitherto  wanting;  at  leaft  in 
that  extent  and  fulnefs,  which  even  our  pre¬ 
fent  fund  of  experiments  would  allow  of.  See 
below  §.7. 
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Defign  of  the  TVo?'k. 

to  apply  it  to  Tingle  cafes,  where  the  fame  common  reafon  is  found  to 
obtain.  For  certain  bodies  have  peculiar  powers,  from  whence  effects 
arife,  that  do  not  come  within  the  compafs  of  any  general  theorem ; 
but  depend  on  a  certain  confutation,  peculiar  perhaps  to  fome  one 
body  (/').  In  forming  fuch  theory,  a  direct  ufe  may  indeed  be  made  Ufe  of  fly  fa 
of  the  demonftrations  in  phyfics,  as  particularly  in  mechanics,  hydrofta- 
tics,  and  hydraulics ;  fince  the  properties  common  to  all  bodies,  and  chemlfry . 
what  further  affections  certainly  flow  therefrom,  have  their  place  in 
chemiftry.  But  one  cannot  be  too  referved  in  this  ufe ;  by  reafon  that 
thofe  lingular  properties  found  in  fome  bodies,  will,  if  applied  to  others, 
falfify  the  mathematical  demonftrations,  which  might  hold  true  every 
where  elfe.  Thus  Galilceo  has  fully  demonftrated  the  law,  wherein  a 
heavy  body  let  fall,  from  on  high,  defcends  in  a  fpiral,  or  elliptical  line, 
with  a  certain  degree  of  acceleration,  to  a  point  of  the  earth,  perpendicular 
to  the  horizon  of  the  point  from  whence  it  was  at  firft  let  fall.  But 
if  a  load-ftone  be  thus  let  fall ;  and,  in  the  courfe  of  its  defcent,  enter 
the  fphere  of  activity  of  another  load-ftone,  the  demonftration  will  not 
hold.  So  what  Archimedes  has  fhewn,  concerning  bodies  equiponde¬ 
rant  in  water,  holds  infallibly  true,  if  confidered  only  in  common  cafes ; 
but  proves  falfe  in  the  inftance  of  gold  j  which,  though  it  fink  in 
other  fluids,  is  fufpended  and  diffolved  in  light  aqua  regia.  Due  re¬ 
gard  being  had  to  this  rule,  the  difcoveries  of  naturalifts  and  mathema¬ 
ticians  will  always  be  advantageous,  never  injurious  to  the  art  of  che- 
miftry  (g). 

6. 


The  Theory. 

(f)  For  the  fake  of  illuftration,  we  fhall  give 
the  nature  and  defign  of  a  theory  of  chemifry 
from  our  former  edition.  “  Under  the  the- 
**  ory  of  chemiftry  we  lay  down  all  the  gene- 
“  ral  truths,  which  the  particular  experiments 
te  of  chemifts  have  hitherto  demonftrated. 
“  Thefe  are  what  we  fhall  hereaffume,  or  take 
“  for  granted  ;  and  the  whole  body  of  fuch 
“  univerfal  truths,  makes  what  we  call  the 
“  theory  of  chemistry.  For  chemiftry  is  no  fci- 
“  ence  formed  a  priori  ;  ’tis  no  produdtion  of 
“  the  human  mind,  or  raifed  by  reafoning  ; 
“  but  collected  a  poferiori ,  from  experiments. 
“  It  took  its  rife  from  various  operations,. 
“  cafually  made,  and  obferving  thofe  that  had 
one  and  the  fame  uniform  tendency,  with- 
“  out  any  expedtation  of  what  followed  ;  and 
“  was  only  reduced  into  an  art  by  colledting 
“  and  comparing  the  effedts  of  fuch  uncertain 
“  experiments,  and  noting  the  tendency  there- 
of.  So  far  then,  as  a  number  of  experi- 
“  raents  agree  to  eftablifh  any  unqueiUonable 
“  truth ;  fo  far  they  may  be  confidered  as 


“  conftituting  the  theory  of  chemiflry.  Now, 
“  fuch  a  theory  is  neceflary  to  be  premifed  to 
“  every  art ;  and  fomething  equivalent  here- 
“  to^s  pradtifed  by  every  artizan,  in  teaching 
“  his  difciple  how  to  proceed  orderly  in  the 
“  exercife  of  his  art.  And  accordingly  it 
“  would  be  impoflible  to  teach  the  pradtice  of 
i(  chemiftry  to  advantage,  without  fome  fuch 
“  previous  theory.  Thus  it  would  be  to 
“  little  purpofe  to  give  a  novice  a  parcel  of 
“  rofemary,  for  inftance,  and  bid  him,  with- 
“  out  any  addition,  diftil  a  water  from  it, 
“  that  fhould  contain  the  natural  aromatic 
“  tafte  and  odour  of  the  plant;  unlefs  he  knew 
“  before-hand  this  general  truth,  “  That  plants 
“  expofed  to  a  gentle  heat,  like  that  of  the 
“  fummer’s  fun,  caufes  them  to  exhale  their 
“  more  fubtile  volatile  part which  part  be- 
“  ing  colledled  and  condenfed,  by  means  of 
“  proper  veflels,  appears  in  the  form  of  water, 
“  and  is  the  thing  that  is  here  required.” 

(g)  Too  much  knowledge  from  all  the  fci- 
ences  cannot  be  derived  into  any  one,  in  order 
to  enlarge  and  perfedl  that  one :  and  thus  che- 
B  2  miftry, 
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6.  The  third  part  will  exhibit  the  actual  operations  of  chemiftry  • 
whereby  bodies  are  changed,  agreeably  to  the  rules  of  the  art,  and  to  the 
end  propofed  therein.  Here  I  fhall  endeavour  fo  to  difpofe  things,  as 
that  none  of  the  ufual  proceffes,  at  leaffc  of  thofe  worth  the  knowing  (/>), 
may  be  omitted  j  and  that  thofe  be  always  placed  firft,  which  are  ne- 
ceftary  for  the  performance  of  any  fubfequent  ones  (i). 

7.  In  this  part,  all  the  theorems  laid  down  in  the  preceding  part  will 
become  ufeful,  and  contribute  to  the  eafier  underftanding  of  the  ope¬ 
rations  :  fo  that  between  the  two,  the  ftudent  will  be  fufficiently  in- 


miftry,  which  is  a  branch,  or  peculiar  part  of 
experimental  philofophy,  requires  all  the  af- 
filtance,  that  can  any  way  be  procured,  to 
improve  it.  But  then,  great  care  mult  be 
taken,  left  what  was  intended  as  a  help,  fhould 
prove  a  hindrance ;  as  hath  frequently  hap¬ 
pen’d,  when  men  reafon  rafhly  from  one  fci- 
ence  to  another.  And  thus,  in  fome  refpeCts, 
phyftc  has  hurt  chemiftry,  and  chemiftry  in¬ 
jured  phyfic,  through  the  unfkilfulnefs  of 
fuch  as  knew  not  how  to  reafon  right.  Stu¬ 
dents  therefore  fhould  be  carefully  inftruCted 
in  the  art  of  reafoning  juflly ;  for  the  turbulent 
reafoning  of  uncultivated  minds,  is  a  dange¬ 
rous  thing  to  fcience,  and  productive  of  er¬ 
rors  and  mifchief. 

{ h )  There  may  perhaps  be  abundance  worth 
the  knowing,  that  do  not  occur  in  this  per¬ 
formance.  See  particularly  the  writers  on  me¬ 
tallurgy,  and  Boyle,  Becher,  Stahl,  & c. 

The  Brattice. 

(/')  44  thirdly,  we  fhall  exhibit  a  courfe  of 
44  chemical  operations  producible  in  bodies, 
44  by  attending  to  the  lav/s,  or  axioms  of  the 
44  art.  This  part  we  have  been  long  conver- 
44  fant  in  ;  and  from  the  firft,  found  it  necef- 
44  fary  to  go  in  a  ne<w  method,  greatly  diffe- 
44  ring  from  what  has  been  oblerved  by  the 
44  moil  celebrated  chemifts  of  Europe  in  their 
"  courfes,  and  leCtures.  All  thefe  authors  we 
44  have  been  at  the  pains  of  reading  over ; 

4.4  and  have  every  where  found  them  as  ab- 
**  rupt  and  diforderly,  as  they  are  fcanty  and 
44  defective :  a  tumultuary  mafs  of  pharma- 
44  ceutical  proceffes,  without  any  certain  de- 
1e  fign  or  coherence,  is  all  they  afford.  The 
44  proceffes  of  chemiftry,  are,  indeed,  almoft 
44  infinite  ;  and  it  were  impoffible  to  exhibit 
44  all  that  the  chemifts  have  hitherto  invented, 
44  in  the  courfe  of  a  man’s  life. 

44  2.  The  method  we  purfue  then,  is  to  re- 
M  duce  all  the  moft  ufeful  and  inftruCtive  ones 
41  to  certain  claffes ;  to  begin  with  the  moft 
44  fimple  and  eafy  of  thefe;  and  lay  them 
44  down  in  fuch  a  manner,  as  to  ferve  for  a 

1.4  bafis  to  the  next ;  and  thofe,  in  their  turn, 
a‘  to  others ;  till  we  arrive  at  the  molt  diffr- 


ftrudted, 

44  cult,  and  complicated  proceffes,  by  an  eafy 
44  and  gradual  afcent  :  the  fecond  operation 
44  being  never  required  to  the  underftanding 
‘4  of  the  firft;  nor  the  third  to  the  fecond  ; 
44  but  the  firft  always  neceffary  to  the  fecond, 
4  4  and  that  again  to  the  third  :  fo  that  there 
44  will  be  no  occafion  for  ever  repeating  the 
44  fame  operation  Two  hundred  proceffes, 
44  conduCled  after  this  manner,  will  fet  all  the 
4<  fundamentals  of  the  a$t  to  view  ;  and  a  few 
44  canons,  or  general  rules,  fubjoin’d  to  each 
“  procefs,  will  open  the  way  for  all  the  other 
44  numberlefs  proceffes  to  be  performed  :  fo 
44  that  whilft  the  reader  has  only  the  marrow 
44  of  the  art  prefented  him,  he  is  really  put 
44  in  poffefiion  of  the  whole  bulk  thereof. 

44  3.  In  each  procefs  our  method  fhall  be, 
44  (1.)  To  exhibit  the  fubjeCt ;  (2.)  To  ex- 
44  plain  the  operation  :  (3.)  To  fhew  its  ef- 
“  feCts  on  the  objeCt  :  and,  (4.)  To  deliver 
44  the  genuine  virtues  and  medicinal  proper- 
44  ties  of  each  production,  as  we  have  ap- 
44  proved  them  by  abundant  experience.  And 
44  thefe  we  hope  to  defcribe  in  the  moft  fe- 
44  vere  and  fcrupulous  manner  ;  far  from  any 
44  taint  of  the  wild  flights,  and  extravagancies 
44  ufual  among  the  chemifts. 

44  4.  ’Tis  certain,  medicine  has  fuffer’d  ex- 
44  tremely  from  this  quarter ;  every  chemifc 
44  affixing  virtues  to  his  preparations  at  ran- 
44  aom.  Thus  falts  obtain’d  from  the  afhes  of 
*4  plants,  having,  on  fome  occafions,  been 
44  found  of  fervice  in  tertians  and  quartans, 
44  immediately  a  febrifuge  virtue  is  affign’d 
44  thereto  ;  and  they  muft  needs  be  admini- 
44  fter’d  in  all  fevers  indifferently  ;  when  per- 
44  haps  in  inflammatory  fevers,  they  promote 
44  the  difeafe.  Indeed,  the  chemifts  fhould 
44  always  be  fufpefted,  when  they  boaft  of 
44  general  virtues  in  their  preparations  :  there 
44  is  nothing  fo  precarious,  and  ill-warranted 
44  as  fuch  pretences  ;  nor  can  a  man  foberly 
44  fay,  there  is  any  fuch  thing  as  one  prepa- 
44  tion  always  effectual  in  any  difeafe  ;  no  uni« 
44  verfal  febrifuge,  for  inftance,  againft  all  fe- 
44  vers ;  nor  we  fear  any  general  lithontriptic, 
44  in  all  cafes  of  the  Hone*” 

* 


Defig  n  of  the  Work. 

ftrutfied,  both  in  fpeculation  and  pra&ice,  for  the  adual  performance 
of  what  belongs  to  this  art.  At  the  fame  time,  each  operation  is  con- 
fidered  as  an  example  of  one  of  the  fingle  cafes,  from  which  the  gene¬ 
ral  theorem  was  fil'd:  deduced  (k).  By  which  method  the  perfe&ion  of 
chemiftry  may  be  arrived  at,  without  incumbring  ourfelves,  more  than 
needs,  in  a  purfuit,  which  of  itfelf  is  diffidently  tirefome.  For  want 
of  this,  the  endlefs  labours  and  procefles  of  chemifts  are  of  little  mo¬ 
ment  (/),  and  only  ferve  to  keep  them  in  a  continual  chace,  without 
furthering  them  a  jot ;  whence  infiead  of  a  reward  at  laid,  they  are 
often  left  confiderable  lofers  (m). 


(f)  Here  we  have  a  clearer  intimation  of 
what  the  author  means  by  a  theory  of  chemif- 
try,  in  the  fenfe  above  delivered  *  :  for  fince 
every  procefs  in  the  praftical  part  of  this  work, 
is  to  be  a  fingle  inftance,  agreeing  with  all 
the  reft  that  can  be  found  of  the  fame  kind  ; 
a  general  conclufion,  or  theorem,  may  be 
fafely  drawn  from  this  fingle  inftance  ;  as  the 
procefs  itfelf  will  be  at  the  fame  time  as  well 
general  as  particular.  But  then  care  will 
be  required  on  the  fide  of  the  author,  (i.) 
To  feleft  always  fuch  an  inftance  as  may  fuit 
feveral  particulars ;  and  afford  a  juft  and  to¬ 
lerably  general  conclufion,  including  neither 
too  little  nor  too  much :  (2.)  To  draw  no  in¬ 
ferences  from  it,  but  what  are  warranted  by 
the  experiment;  and  cannot  be  falfified  by 
any  other  inftance,  or  obfervation  :  and,  (3.) 
The  reader  alfo  muft  be  here  as  careful  not 
to  draw  a  too  general  conclufion,  or  extend 
the  inftance  to  particulars,  which  it  may  not 
fuit.  And  if  thefe  cautions  are  well  obferved, 
a  juft  theory  of  chemiftry  might  thus  indeed 
be  formed,  by  drawing  general  conclufions, 
from  a  fufficient  number  of  well  verified  in¬ 
ftance  s  ;  or  from  a  fingle  inftance  fo  far  as 
it  is  general.  Thus,  for  example,  as  the  au¬ 
thor’s  firft  procefs,  performed  upon  rofemary, 
fhews  that  a  water,  containing  the  fmell  and 
tafie  of  the  plant,  may  be  obtained  from  it 
by  dry  diftillation,  with  a  gentle  heat ;  and  it 
being  known  by  vafious  other  trials,  that,  in 

*JSee  above  §.5. 


like  manner,  a  water  may  be  drawn  from 
many  other  plants,  containing  their  refpe&ive 
fcents  and  taftes ;  it  follows,  that  this  expe¬ 
riment  is  general,  or  holds  of  all  plants,  a- 
greeing  in  the  refpefl  of  affording  fuch  a  wa¬ 
ter  by  fuch  treatment  ;  but  muft  not  be  ex¬ 
tended  to  all  vegetables  :  for  in  many  of  them 
the  procefs  does  not  hold  true,  as  in  carduus , 
forrel,  gentian,  apples,  &cf.  However,  this 
fingle  experiment  is,  in  fome  tolerable  degree, 
general.  And  here  the  author’s  conduft  de- 
ferves  to  be  admired  and  imitated  ;  as  being 
no  lefs  ufeful  than  beautiful  :  for  it  greatly 
eafes  the  labour  both  of  the  teacher,  and  the 
learner  ;  ihortens  the  way  to  fcience  ;  makes 
particulars  generals ;  and  at  once  exhibits  both 
the  theory  and  pra&ice  of  the  art. 

(/)  Till  they  come  to  be  digefted,  verified,  - 
brought  to  order,  and  applied ;  by  the  art  of 
juft  reafoning. 

( m )  This  method  might  well  deferve  to  be 
tried  in  other  fciences,  that  will  allow  thereof ; 
as  in  phyfic,  for  example,  where  we  have 
numerous  hiftories  of  particular  cafes,  and 
books  of  fingle  obfervations,  that  afford  but 
flender  affiftance  in  the  knowledge  and  cure 
of  diftempers ;  whence,  after  a  tedious  courfe 
of  reading,  the  ftudent  may  come  but  ill  pre¬ 
pared  to  praftice,  and  be  obliged  to  find  out 
rules  and  theorems  for  himfelf ;  without  being 
much  the  wifer  for  the  fcatter’d  experience  of 
others. 

* 

f.  See  procefs  I,  II,  &c.  upon  vegetables. 
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CHEMISTRY. 
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i.  rT^HE  name  chemiftry,  written  in  Greek  gup'*,  or  cyfo-  Origin  of  the 

mia ,  or  chemeia  (rz),  is  fo  ancient,  as  perhaps  to  have  been  ufed  chemi- 
in  the  antediluvian  age  (^).  Of  this  opinion  was  Zofimus ,  the^‘ 
Panapolite {c),  whofe  Greek  writings,  though  known  fo  long 
as  before  the  year  1550  to  George  Agricola ,  and  afterwards  perufed  by  Jof. 

Scaliger  and  Olaus  Borrichius ,  ffcill  remain  unpublifhed  in  the  King  of  France’s 
library  (d).  In  one  of  thefe,  entitled,  “  The  inftruftion  of  Zofimus ,  the  Pa- 

“  napolite 


(a)  Allowing  this  to  be  the  true  orthogra¬ 
phy  of  the  word,  yet  it  might  be  pronounced 
in  Greek,  as  if  it  was  wrote  chimia,  chimifry ; 
becaufe  both  the  letter  y,  and  the  dipthong 
g/,  are-  founded  as  /  by  the  modern  Greeks, 
and  perhaps  were  fo  by  the  ancient  *.  But 
the  word  is  varioufly  written,  as  well  as  va- 
rioufly  derived  f. 

(£)  Men  generally  betray  a  fondnefs  in  fix¬ 
ing,  as  high  as  poffible,  the  origin  of  the  arts 
they  favour ;  but  we  can  fee  no  juft  reafon 
for  draining  the  truth,  or  taking  up  with  dark 
and  doubtful  evidence,  upon  thefe  occafions : 
it  being  not  fo  material  to  make  an  art  ap¬ 
pear  ancient,  as  to  make  it  ufeful,  in  order 
to  procure  it  efteem.  The  learned  Olaus  Bor¬ 
richius,  whom  our  author  chiefly  follows,  has 
taken  pains  to  trace  the  origin,  progrefs,  and 


fate  of  chemiftry  ;  but  appears  fanguine  in 
the  purfuit.  He  finds  much  chemiftry  in  the 
facred  writings,  and  the  ancient  pcets ;  takes 
fpurious  authors  for  genuine ;  and  lays  fome- 
times  a  ftrefs  upon  weak,  or  fufpedted  autho¬ 
rities  ;  thus  adting  the  part  of  a  pleader,  ra¬ 
ther  than  that  of  a  rigid  enquirer 

( c )  He  feems  to  have  lived  about  the  be¬ 
ginning  of  the  fifth  century ;  and  wrote,  as 
is  fuppcfed,  feveral  treatifes,  which  are  pre- 
ferved  in  the  King’s  library  at  Paris :  but  as- 
they  remain  unpublifhed,  we  can  form  no  fo- 
lid  judgment  of  them  ;  only,  if  one  might 
venture  a  conjecture,  from  the  fpecimen  and 
account  which  Borrichius  gives  of  them,  they 
feem  to  be  myftical  and  enthufiaftic  ||. 

(d)  Proofs  drawn  from  the  titles  and  frag¬ 
ments  of  ancient  manufcripts  are  extremely 

fallacious. 


*  See  Wejlein  upon  the  pronuntiation  of  the  Greek  language. 

't'  See  Petr.  Lambec.  lib.  6.  Comment.  deBihl.  Ceefar.  p.  174.  Du  Cange  Glojfar.  tom,  II. 
p.  1772.  in  voce 

J  See  his  pieces  De  Ortu  iff  Progrejfu  Chemia ;  &  de  Hermetis ,  jEgyptiorum  &  Chemicorutn 
Sapientia. 

j|  See  Borrich.  de  Hermet .  uBgypt.  &c,  p.  48,  49,  50,  bV. 
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The  Hiftory  <?/  Chemistry, 

“  nalopite  and  Philofopher,  out  of  thofe  written  to  <Theofebeia ,  in  the  eighth 
%  Fabulous  ori-  “  book  of  Imoutb '  e)y”  he  fays  expreffly,  that  the  art  called  chemiai  was 
from  de-  fjrft  taught  by  demons  to  the  daughters  of  men,  in  ct>nfideration  of  certain 
mom'  favours.  The  paffage  is  tranfcribed  at  large  by  Jcf.  Scaliger ,  in  his  notes  on 

Eufebius  (/),  and  Olaus  Borrichius  againft  Conringius  (g)  •,  it  runs  thus  (b)  : 
“  The  facred  books,  or  writings,  fay  there  are  a  kind  of  demons  who  en- 
tc  joy  women.  Hermes  (i)  in  his  phyfics  teftifies  as  much  j  and  all  our 
“  learning,  both  open  and  occult,  confirms  the  account.  What  the  ancient 
ts  divine  writings  relate,  is,  that  the  angels,  inflamed  with  the  defire  of 
“  women,  inftrudled  them  in  all  the  works  and  myfteries  of  nature  (k).  Now 
“  our  firft  moft  ancient  tradition,  called  xyipa,  *s  on  thefe  very  arts  :  the 
s’  book  they  were  contained  in  was  called  by  the  fame  name  ;  and  hence  the 
c<  art  itfelf  was  called  xyip-ta,  chemiail). 

2. 

a  great  writer,  and  a  general  benefactor  to 
mankind  f.  It  appears  pretty  plain,  that  the 
Egyptians,  and  after  them  feveral  other  na¬ 
tions,  fqppofed  Hermes  to  be  the  inventor  of 
all  the  arts  and  fciences  J  ;  that  he  wrote  of 
fome ;  and  that,  having  a  prodigious  reputa¬ 
tion,  many  others  were  fat  er’d  upon  him  |j. 

(ij  The  Greek  paffage,  as  it  Hands  in  Bor¬ 
richius,  is  fuller  than  in  the  author  ;  and  adds 
here,  that,  “  hence  thofe  angels  were  ex- 
“  eluded  heaven  ;  the  knowledge  they  thus 
“  imparted,  being  all  evil  and  unprofka- 
“  ble  **.” 

(/)  Clemens  Alexandrinus  relates  part  of  the 
fame  fable,  but  without  mentioning  chemiftry; 
“  How  the  angels,  whofe  lot  was  affign’d  them 
“  in  heaven,  falling  into  effeminacy,  revealed 
“  to  women  what  fecrets  they  knew;  whilft 
“  others  concealed,  or  rather  referved  them 
“  for  the  coming  of  the  Lord,  SAc  -j-f .” 
Fabulous  Origin  of  the  At  t. 

“  i.  The  do&rine  of  demons  here  men- 
“  tion’d  by  Zofimus,  is  alfo  delivered  by  Plato , 
“  Philo-J udeeus,  and  other  philofophers ;  who 
“  reprefent  them  as  endowed  with  a  penetra- 
“  ting  mind,  and  boundlefs  knowledge  ;  not 
“  confined  to  our  ways  of  conceiving  things 
“  relatively,  but  fitted  to  perceive  them  as 
“  they  are  in  themfelves ;  not  incumbered 
“  with  a  folid  body,  like  us  ;  but  a  penetra- 
“  ble  one  like  air.  Zofimus,  who  adopts  the 
“  dodtrine  with  a  peculiar  fondnefs,  obferves 
“further,  that,  befide  the  intuitive  know- 
“  ledge  of  the  demons,  there  was  even  in  the 
“  antediluvian  world,  a  kind  of  human  fciences 

“  acquired 

*  See  Le  Clere.  Hi  ft.  de  la  Medecine,  p.  12,  it. 

ft  See  Borr.  Hermet.  AEgypt.  &  Chemic.  Sapient,  in  initio,  IA  alibi  paffim. 
ft  See  Dioaor.  Sic.  L.  l.  Ca-f.  de  Bello  Gall.  L.  6.  J  amblicus  de  Myfler.  AEgyptior.  Citm. 
Alex.  Strom.  L.  6. 

i|  See  Morbof.  Polyhifi.  C.  II.  L.  I.  &  Le  Clerc.  Hifi.  de  la  Med.  p.  12,  13. 

**  See  Bor  rich.  deOrt.  tA  Progrejf.  Chem.  p.  t2. 
ftf  See  Clem.  Alexandr .  Strom  5.  See  alfo  below,  the  note  on  §.  2. 


fallacious,  and  good  critics  never  depend  upon 
them  ;  becaufe  the  ancient  copills  made  a 
trade  of  their  art,  and  fold  fpurious  copies  un¬ 
der  counterfeit  titles,  and  the  forged  names  of 
eminent  authors:  whence  thofe  numerous  pieces 
of  the  fuppofed  Hermes  Frifmegiftus,  Sc c  *. 
This  is  the  rather  mention’d  here,  that  it  may 
be  kept  in  mind,  as  we  proceed  in  the  hiftory 
of  chemiftry ;  where  we  fhall  often  be  con¬ 
cern’d  with  ancient  manulcripts,  unpublifhed 
writings,  and  fufpedted  ^authors. 

{e)  xfiwo  Z rcn\jx,  &c.  hnouth  is  a  fup¬ 
pofed  name  for  chemiftry  ;  fee  below  §  5, 
and  10,  16  and  the  writer  is  fuppofed,  by  the 
learned  Conringius,  to  be  the  moft  ancient  one 
at  prefent  remaining  upon  chemiftry.  See  the 
catalogue  of  Greek  writers,  below  §.  16. 

(f)  Eufeb.  Chron  p.  243,  258. 

(gj  01.  Borrich.  de  Ort.  Chem.  p.  1 2.  Sc 
contra  Conringium,  p.  49. 

[h)  We  judge  it  proper  to  omit  the  Greek 
quotations,  which  difturb  the  text  of  the  au¬ 
thor  in  this  hiftory  of  chemiftry  ;  and  inftead 
thereof  to  give  an  Engl’tjh  tranflation  of  them. 
Thofe  who  pleafe  may  confult  the  originals, 
to  which  the  references  will  be  made. 

(/)  Who  this  Hermes  was,  feems  not  eafy 
to  difeover :  none  of  his  genuine  writings 
having  come  d-own  to  us ;  and  there  having 
been  feveral  perfons  of  the  fame  name,  and 
feveral  books  publilhed  under  it ;  though  all 
of  them  that  are  extant  appear  to  be  fpurious. 
Borrichius  labours  to  prove,  againft  Conrin¬ 
gius,  that  the  firft  Hermes  was  an  ancient  AE- 
gyptian,  an  excellent  phylician  and  chemiil. 
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The  Hifiory  of  Chemistry. 

2.  This  ancient  fidtion  took  its  rife  from  a  miftaken  interpretation  of  the 
words  of  Mofes  (m)y  46  That  the  fons  of  God  faw  the  daughters  of  men ,  that 
“  they  were  fair  *,  and  they  took  them  wives  of  all  which  they  chofe  (n ).”  From 
whence  it  was  inferred,  that  the  fons  of  God  were  daemons,  confiding  of  a 
foul,  and  a  vifible,  but  impalpable  body,  like  the  image  in  a  looking-glafs  ;  (to 
which  notion  we  find  feveral  allufions  in  the  evangelifts  (<?)  •,)  that  they  knew 


all  things,  appear’d  to  men,  converfed 
had  intrigues  with  them,  and  revealed  i 
bably  arofe  that  of  the  Sibyl  (j),  who 

“  acquir’d  only  by  reafon  and  experiments  ; 

“  adding,  that  they  in  whom  the  latter  know- 
“  ledge  was  alone  found,  were  denominated 
“  the  fans  of  wen ;  and  the  former  the  fons  of 
“  God.  The  fame  notion  of  daemons  prevails 
“  among  many  to  this  day,  under  the  name 
“  of  apparitions,  or  fpirits,  who  roam  about 
“  with  their  penetrable  matter,  capable  of 
“  difcovering  themfelves  to  men  ;  and  even  of 
“  poffeffing  them  after  the  fame  manner  as  the 
“  foul  does  the  body.  Many  inftances  of  the 
“  like  belief  might  be  given  from  the  ancient 
“  Jews,  and  the  earlieft  Chriilians :  to  fay  no- 
“  thing  of  the  current  opinion  of  the  Mahome- 
“  tans ,  Arabs ,  and  other  Afiatics  and  Africans. 

“  Thefe  daemons  too  of  the  ancients  were  fup- 
“  pofed  fubjeift  to  human  paffions;  they  faw  the 
**  daughters  of  men,  loved  them,  and  courted 
“  them  in  marriage;  and,  as  an  equivalent  for 
“  their  virginity,  offer’d  them  a  book  contain- 
“  ing  the  whole  body  of  their  fcience.  The 
“  dowry  was  accepted,  and  called  divine  tra- 
“  dition ;  and  this  myfterious  knowledge  che- 
“  ma :  fometimes  revelation  ;  and  by  Zofimus 
“  the  facred  art.  Philo  J uda-us  is  full  of  thefe 
“  reveries ;  and  from  him  Zofimus  might  bor- 
“  row  half  the  incidents  of  the  fable. 

“  2.  This  chema,  or  chemia ,  Zofimus  will 
“  have  the  fame  with  the  ancient  cabala  of 
“  the  Jevss ;  which  perifh’d  with  all  their 
“  antiquities,  in  the  deftru&ion  of  J  erufalem , 

“  excepting  fome  fragments  retriev’d  from  the 
“  common  ruin,  and  publifhed  in  the  Phal- 
“  mud.  Thefe  fragments  are  but  few,  and 
“  beiides,  intermix’d  with  much  trumpery. 

“  But  Zofimus  refiding  in  the  Emperor’s  court, 

“  had  an  opportunity  of  perufmg  many  of  the 
M  ancient  monuments  then  extant  in  thofe  li- 
“  braries,  which  have  fince  been  plunder’d  by 
“  the  Saracens  ;  fo  that  his  account  carries 
“  with  it  the  greater  authority. 

“  3.  From  the  whole  it  may  be  argued, 

“  that  as  Zofimus  deduces  the  name,  and  the 

*  See  Borrich.  de  Ortu  Chem.  p.  13.  J' 

)t  See  Borrich .  de  Ort.  Chem.  p.  1 4. 


with  them,  fell  in  love  with  women, 
ecrets  (p ).  From  the  fame  fable  pro- 
is  faid  to  have  obtain’d  of  Apollo  the 

girt 

“  art  chemia ,  from  the  angels,  and  fuppofes 
“  both  communicated  by  them  to  their  mi- 
“  ftrelfes ;  both  mult  be  earlier  than  the  flood  j 
“  fince  the  like  intrigues  related  by  Mofes, 
“  are  expreffly  refer’d  to  the  antediluvian 
“  ages.’* 

(m)  Borrichius  thinks  it  probable  that  this 
piece  of  gallantry  is  taken  from  the  apocry¬ 
phal  fragments  of  Enoch ,  with  fome  interpo¬ 
lations  ;  becaufe  the  perfonated  Enoch  in  Syn- 
cellus ,  cited  by  Sca/iger,  in  his  Opus  Eufebia- 
num ,  relates  that  “  thefe  angels  taught  men 
“  to  prepare  poifons  and  charms:”  and  be¬ 
caufe  Tertullian,  in  his  book  de  Cultu  Fcetni * 
“  narum,  c.  iq.  fays  that  “the  wicked  an- 
“  gels  condemn’d  of  God,  firft  difeover’d  thofe 
“  alluring  things,  gold,  filver,  the  art  of  dy- 
**  ing,  painting  the  eye  brows,  &c.  as  Enoch 
“  relates 

(«)  Gen .  vi.  2. 

(0)  “  But  they  were  terrified  and  affrighted, 
“  and  fuppofed  that  they  had  feen  a  Spirit.5* 
— “  Behold  my  hands  and  my  feet,  that  it  is 
“  I  myfelf :  handle  me  and  fee,  for  a  fpirit 
“  hath  not  flefh  and  bones,  as  ye  fee  me 
“  have  f Again:  “  And  when  the  Difci- 
“  pies  faw  him  walking  on  the  fea,  they  were 
“  troubled,  faying  it  is  a  fpirit;  and  they 
“  cried  out  for  fear  J.” 

(p)  Borrichius  apprehends  thofe  here  called 
the  fons  of  God,  were  the  fons  of  Seth  and 
Tubal-Cain  ;  and  that  being  inflrufted  by 
their  parents  in  the  myfleries  of  nature,  but 
falling  afterwards  into  unlawful  love  with  the 
lewd  daughters  of  Cain,  they  profan’d  thefe 
fecrets  by  an  imprudent  communication  of 
them  :  for  he  thinks  it  not  fuitable  to  the 
nature  of  real  angels,  to  have  any  fuch 
commerce  with  women,  as  that  here  men¬ 
tion’d  || . 

(p)  The  fable  fays,  that  Phoebus  fell  in  love 
with  a  beautiful  nymph  called  Sibylla ;  but 
meeting  with  fome  repulfe,  he  offer’d  to  com¬ 
ply 

Luke  xxiv.  37,  39-  X  Matt.  xiv.  26k 
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gift  of  prophecy,  and  revealing  the  will  of  heaven,  in  return  for  a  like  fa¬ 
vour.  So  prone  is  the  roving  mind  of  man  to  figments,  which  it  can  at 
firft  idly  amufe  itfelf  with,  and  at  length  fall  down  and  worfhip  (r). 

3.  O11  the  other  hand,  in  ancient  times  the  country  of  Egypt  was  called 
by  the  name  Cbemia ,  as  appears  from  this  pafiage  in  Plutarch  (s) :  “  Befides, 
“  they  call  Egypt ,  which  has  an  exceeding  black  foil,  by  the  fame  name  as 
“  the  black  of  the  eye,  viz.  Cbemia  (/).”  It  was  alfo  denominated  Hermo- 
chemios  [u)  •,  as  we  are  afiur’d  by  Steph.  Byzantinus  ( x ).  From  the  whole 
we  may  conclude  that  the  name  firft  obtain’d  before  the  flood  (y) ;  continued 
in  ufe  in  fucceeding  times ;  and  then  denoted,  (1.)  The  knowledge  of  the 


ply  with  her  own  conditions  ;  when  fne  de¬ 
manded,  as  the  price  of  her  favour,  extreme 
long  life,  and  the  Jios  divine  arcanum , 

or  heavenly  wifdom  ;  from  whence  it  is  fup- 
pofed  the  name  Sibylla  was  derived.  This 
fable  has  fome  correfpondetice  with  that  of 
Zofimus  ;  for  here  the  fon  of  a  god  falls  in  love 
with  a  virgin,  and  reveals  celeftial  fecrets  to 
her. 

(>)  This  prudent  refleflion  of  the  author 
upon  the  fcrap  of  fabulous  hiftory  above  pro¬ 
duced,  which  himfelf  calls  but  afittion,  makes 
us  the  more  wonder  that  he  fhould  draw  a 
ferious  conclulion  from  it,  as  he  does  in  the 
next  paragraph,  in  order  to  render  it  proba¬ 
ble  that  the  name  chemiftry  is  of  antediluvian 
date.  Some  have  imagin’d  that  the  hiftory 
of  this  art  was  partly  borrow’d  from  the 
J'e-  ijh  idolatry  :  the  rabbinical  writings  be¬ 
ing  full  of  the  commerce  between  angels  and 
women;  but  the  effects  thereof  are  reprefented 
as  very  fatal  on  both  lides.  The  unhappy 
paffion  occafion’d  angels  to  be  expell’d  heaven, 
and,  according  to  thefe  writers,  man  to  be  ex¬ 
pell’d  paradife. 

(.>)  In  If  is  Iff  Ofiris ,  p.  364.  C. 

(t)  By  which  Plutarch  may  feem  to  inti¬ 
mate  that  the  word  chemia ,  in  the  Egyptian 
language,  fignified  black  or  footy  *. 

(«)  This  fhould  feem  to  intimate,  as  if  the 
Egyptian  Hermes  was  the  inventor  or  improver 
of  chemiftry  ;  a  point  copioufty  profecuted  by 
Borrichius 

Etymology.. 

“  Inftead  of  black,  fome  will  have  the  word 
u  originally  denote  fecret ,  or  occult,  and  de- 
rive  it  from  the  Hebrew  charnan ,  or  haman , 
a  myfiery  •,  whofe  radix  is  cham.  And  ac- 
“  cordingly  Plutarch  obferves,  that  Egypt,  in 
*e  the  fame  facred  dialect,  is  fometimes  wrote 
«*  in  Greek  Xx/Aoi,  Chamia :  whence  the  word 
“  is  eafily  deduced  from  Cham,  eldeft  fon  of 
Noah,  by  whom  Egypt  was  firft  peopled  af- 


works 

“  ter  the  deluge,  and  from  whom  in  the  ferip- 
“  ture-ftyle,  it  is  called  the  Land  of  Cham , 
“  or  Chem\.  Now,  that  charnan,  or  haman , 
“  properly  fignifies  fecret,  appears  from  the 
“  fame  Plutarch,  who  mentioning  an  ancient 
“  author,  named  Manet  ho  Sebennita,  who  had 
“  afferted,  that  Ammon  and  Hammon  were 
“  ufed  to  denote  the  God  of  Egypt  ;  Plutarch 
“  takes  this  occafion  to  obferve,  that  in  the 
“  Egyptian  language  any  thing  fecret  or  oc- 
“  cult,  was  called  by  the  fame  name  Ham - 
“  mon.  Add,  that  Hecatreus  Abderita  notes 
“  Asnmon  to  have  been  a  common  term  of  in- 
“  vocation,  whereby  the  Egyptians  called  one 
‘‘  another  when  out  of  the  way,  or  not  to  be 
“  found  ;  and  hints,  that  it  had  no  peculiar 
“  relation  to  their  great  god,  which  was  the 
“  univerfe,  otherwise  than  as  he  was  fecret 
“  and  invifible,  and  was  hereby  called  to  ma- 
“  nifeft  himfelf.  Laftly,  the  learned  Bochart, 
“  keeping  to  the  fame  fenfe  of  the  word, 
“  chufes  to  derive  it  from  the  Arabic  chema , 
**  or  kema,  to  hide ;  adding,  that  there  is  an 
“  Arabic  book  of  fecrets,  called-  by  the  fame 
“  name  kemi.  What  we  gather  from  the  whole, 
“  is,  that  our  art,  chemiftry,  fhould  appear 
“  to  have  been  originally  thus  denominated, 
“  becaufe  not  fit  to  be  divulged  to  the  popu- 
“  Jace;  but  treafured  up  as  a  religious  fecret.’* 
A  reader,  who  can  take  delight  in  ancient  ob- 
feure  fables,  and  modern  learned  glofles  thereon, 
might  find  fcope  enough  in  the  prefent  en¬ 
quiry  ;  but  inftead  of  entring  farther  into  the 
fubjett  at  prefent,  we  fhould  rather  refer  to 
Borrichius,  Conringius  de  Her  met.  Medicin. 
Eollius  de  Vitulo  Aureo ,  Hornius  de  Area  Noe?, 
Kircher  Oedip.  JEgypt .  Voff  de  Anitq.  Meet, 
Iff  Obf  Far.  c.  14.  Dickenfon.  Phyfic.  V.et. 
JA' Herbelot .  Bibliothec.  Orient,  in  nsoc.  Kimia 
Iff  Simia.  Pocock  Spec.  Hijl.  Arab.  Lettr.  edif. 
Iff  cur.pajjim. 

{ x )  See  below,  §.  10. 

(y)  See  the  note  above  (r). 


*  See  the  note  upon  §.  4.  below.  -f  See  his  Piece  de  Her. net.  JEgypt.  If  c.  Sapient. 
^  Pfal.  cv.  v.  23 . 
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w©rks  of  nature.  (2.)  A  book  containing  the  difcovery  of  fuch  an  art.  And, 

(3. )  That  Hermes  in  his  phyfics  made  mention  of  it  (2). 

4.  Further,  the  word  if  written  wpa,  cbema ,  imports  in  Arabic  to  Literal  fi^ni- 
hide  ( a ) ;  and  if  c hernia,  any  black  object,  for  inftance  the  black  of  the  eye,  f  cation  of  it. 
as  is  intimated  by  Plutarch  (b).  There  appears  a  nearer  affinity  between  the 

two  acceptations  ;  at  lead;  among  the  writers  in  hieroglyphics,  with  whom 
the  black  of  the  Eye  imports  fomething  hidden  and  precious  :  and  the 
more  if  we  confider  that  the  fame  Egypt  is  called  in  feripture,  tc  the  land  of 
“  Cham  (r)  ;**  and  that  the  Egyptians  in  their  language  called  God 
Ammon ,  which  according  to  the  teftimony  of  Manetho  Sebennita ,  dignified 
fomething  occult,  or  hidden  (d).  It  may  be  added,  that  to  this  day,  the 
fame  country  is  called  by  the  Copts ,  Cemi,  as  has  been  alfo  obferved  by 
Bochart(e). 

5.  The  word  therefore  appears  to  import  as  much  as  hidden,  myfterious, 

or  fecret  ;  and  is  either  written  chemi ,  chemia ,  alchemia ,  alkumia ,  cbema,  Synonyma's  of 
imouth ,  or  poetic e  (/)  *,  fometimes  it  is  called  the  fpagyric ,  and  fome- lt' 

C  2  times 


(s)  No  greater  ftrefs  fhould  be  laid  upon 
the  conclufion  than  the  premifes  will  fuppert. 
In  matters  fo  remote,  fo  mix’d  with  fable, 
and  fo  imperfectly  handed  down,  what  cer¬ 
tainty  can  be  had  ?  and  where  is  the  ufe  of 
deriving  either  the  name  or  knowledge  of  che- 
miitry,  from  the  earlieit  antiquity  ?  In  mat¬ 
ters  of  this  kind,  it  is  of  importance  to  let 
lludents  fee  that  even  learned  men  have  their 
weaknefs ;  whence  they  fhould  be  upon  their 
uard  againft  credulity  and  precarious  evi- 
cnce.  The  author,  in  our  former  edition, 
fays,  “  That  after  Zofinws,  chemia  became  a 
“  common  term  among  the  Greek  writers,  in 
**  the  fenfe  ’tis  now  ufed.  And  if  we  hear  no- 
“  thing  of  it  among  the  Romans ,  ’tis  perhaps 
t(  becaufe  that  after  the  tranflation  of  the  feat 
“  of  the  empire  to  Confantinople,  Greek  be* 
“  coming  the  court-language,  fcarce  any  thing 
“  was  wrote  in  Latin.  They  were  moll  of 
“  them  divines  who  treated  of  this  art,  which 
“  was  conceiv’d  to  have  a  more  immediate 
“  relation  to  religion.  And  hence  it  is  fcarce 
“  ever  mention’d  but  in  terms  that  imply  fuch 
**  relation  ;  viz.  of  the  facred  art :  of  the 
“  Egyptian  art.  But  in  the  feventh  century, 
“  when  Europe  was  over-run  with  the  Barba- 
“  rians  from  the  north,  Latin  and  Greek 
“  lhar’d  the  common  fate  of  learning  ;  and 
“  not  only  the  art,  but  the  very  name  of 
“  chemia  was  forgot  :  and  thus  they  re- 
“  main’d  till  the  thirteenth  century  ;  when 
“  Bacon  and  Ripley  retriev’d,  and  brought 
“  them  both  on  the  ftage  again  ;  not  as  old 

*  Anc.  Relat. 

See  Pocock 


“  things,  but  taking  them  for  a  new  doc- 
“  trine.” 

(a)  We  cannot  fee  the  juftnefs  of  this  Arabic 
origin.  Is  it  probable,  that  ypwoc  fhould  be 
borrow’d  from  the  Arabs ,  when  the  name  was 
in  ufe  among  the  Greeks  many  ages  before  the 
Arabs  cultivated  chemiftry,  or  any  other  art? 
Befides,  the  Arabic  root  which  the  author  af- 
figns  is  not  written  with  a  cb,  but  a  fingle  c , 
or  k,  cama ;  and  the  name  of  the  art  in  the 
the  fame  language  Hill  differently,  kirniya.  It 
is  in  effeft  more  probable  the  Arabs  borrow’d 
the  name  from  the  Greeks,  as  Renaudot  ima¬ 
gines  *  ;  or  perhaps  immediately  from  the 
Copts,  who  called  any  thing  that  was  black 
chemia ;  and  particularly  gave  the  name  to 
their  country  from  the  blacknefs  of  the  foil : 
and  the  Arab  writers  are  fo  far  from  challenging 
the  invention  of  chemiftry  to  themfelves, 
that  they  frankly  aferibe  it  to  the  Egyptian 
Ammon  -f . 

(b)  De  If  If  Of  p.  364.  C. 

(r)  Pfal.  cv.  v.  23. 

(V)  De  If.  &  Of  p.  354. 

(e)  It  appears  foinevHiat  odd  to  derive  the 
name  chemiftry  from  an  Arabick  word,  and 
yet  to  fuppofe  that  name  in  ufe  before  the 
flood  ;  as  if  the  Arabs  were  a  nation  before 
the  difperfion  ;  and  their  language  in  ufe  be¬ 
fore  the  building  of  Babel :  neither  of  which 
the  Arabs  themfelves  pretend  to 

(f)  It  feems  to  be  called  poetice  from  its 
fuppofed  creative  power,  or  making  one 
thing  out  of  another  ;  and  this  name  was  par¬ 
ticularly 

Voc.  Sim  ia,  p.  810, 


des  Indes,  p.  375-  i"  See  D' Herbel.  Bibl.  Orient. 

Praf.  ad  Carm.  Tog.  &  Spec.  Hif.  Arab.  p.  38,  40. 
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times  the  hyjfopic  art  (g),  on  account  of  its  feparating  the  pure  from  im¬ 
pure. 

Technical  fig-  6.  In  effedl,  among  the  firft  authors  who  ufed  the  word,  it  imported  all 

nificattonofit.  knowjedge  Df  natural  things ;  tho’  from  this  chafte  acceptation  it  was  after¬ 
wards  injurioufly  perverted  to  another  :  a  misfortune  which  has  likewife  be- 
Name  applied  fallen  the  word  magic.  And  as  metals  constituted  a  large  and  diftinguifti’d 
to  metallurgy.  part  Gf  thfcfe  natural  things,  the  word  by  this  means  came  to  be  applied  to 
metallurgy  ;  an  art  which  appears  to  have  been  cultivated  in  the  antedilu- 
Inwntor of  vian  days:  for  we  find  that  'Tubal' Cain,  who  was  the  Vulcan  of  the  an- 
metailurgy.  cjents  (}/),  the  fon  of  Lantech  by  Zillah ,  and  the  eighth  from  Adam ,  was 

fo  Skilful  in  the  preparation  of  brafs  and  iron,  as  to  be  able  to  make  utenfils 
thereof. 

Difficulty  of  7.  Yet  *tis  known  that  copper-ore  requires  the  utmoft  labour  and  art  to 

metallurgy .  jt  for  ufe  .  ylgricola  and  Erker  agree,  that  it  muft  be  melted  twelve  times 

before  it  will  become  malleable  (/).  The  preparation  of  iron  to  fit  it  for  hu¬ 
man  ufes,  is  attended  with  the  like  difficulties,  and  requires  proportionable 
induftry  and  experience  i  as  the  fame  Skilful  authors  have  Shewn.  So  that 
the  origin  of  the  metallurgic  branch  of  chemiftry,  appears  as  ancient  as  the 
word  chemia  itfelf  ( k ).  8.  The 

ticularly  applied  to  the  making  of  gold  and  lofophy  of  all  the  different  bodies  of  our  globe, 
filver  out  of  bafer  materials ;  and  fo  is  the  word  For  as  mixed  mathematics,  or  mechanics. 


chemiftry  itfelf  in  fome  Greek  authors  *. 

(g)  “  Paracelfus,  a  ftrange  coiner  of  words, 
**  appears  to  have  given  it  the  name  of  hyp 
“  fopic  art,  from  that  paffage  in  the  pfalms, 
“  Purge  me  with  hyffop,  and  I  fliall  be  clean,5’ 
“  only  becaufe  chemiftry  purifies  metals.;  the 
“  imperfect  ones  whereof  are  called  by  fome 
“  of  the  Adepts,  leprous  or  foul.”  Befides 
thefe  names  of  the  art  -f-,  it  alfo  appears  to 
have  been  called,  (1.)  The  /acred  art,  divine 
tradition,  revelation,  heavenly  wifdom,  or  di¬ 
vine  arcanum ;  from  its  fuppofed  manner  of 
being  communicated :  (2.)  The  Egyptian  or 
Hermetic  art,  from  its  fuppofed  inventor  Her¬ 
mes  Trifmegifius :  (3  )  And  more  lately  py ro¬ 
te  chny,  or  the  art  of  working  by  fire ;  in  which 
fenfe  Helmont  called  himfelf  philofopher  by 
fire ,  Perhaps  it  might  be  proper  to  give  this 
art  a  new  name,  (as  the  old  ones  feem  to  have 
brought  fome  diferedit  upon  it)  that  fhould 
be  fignificative  of  its  .nature  and  ufe  ,  for  as 
it  is  a  peculiar  kind  of  experimental  philofo- 
phy,  confifting  in  the  treatment  of  all  natu¬ 
ral  bodies,  fo  as  to  difeover  their  more  inter¬ 
nal  relations  to,  or  eftedls  upon  one  another, 
their  productions,  powers,  and  phanomena  ; 
and  this  under  all  poffible  degrees  of  fimpli- 
city  or  combination  ;  by  means  of  the  inftru- 
mental  efficacy  of  fire,  air,  water,  earth,  men- 
ftruums,  fc.  it  might  hence  be  called  phy- 
ftca  individuorum,  or  phyfic a  corporum  interior  ; 
the  phyfics  of  concretes,  or  the  internal  phi- 


confider  the  general,  or  more  obvious  pro¬ 
perties  of  matter ;  fuch  as  extenfion,  figure,, 
motion,  gravity,  elafticity,  & c.  fo  this  art 
tends  to  difeover  the  peculiar,  latent,  or 
more  internal  relations  of  one  body  to  an¬ 
other  ;  and  the  operations,  or  effefts  of  fecret 
internal  motions  and  powers,  afting  upon  the 
minute  parts  of  bodies ;  fo  as  to  produce  fepa- 
ration,  mixture,  or  change. 

(h)  It  does  not  clearly  appear  that  Tubal- 
Cain  and  the  firft  Vulcan  were  the  fame  per- 
fon  ;  but“is  rather  contrary  to  the  opinion  of 
fome,  efteem’d  the  beft  writers  on  chrono- 
logy.  Sir  If.  Newton  makes  it  probable  that 
Vulcan  was  the  fame  with  Baal-Caan ;  and 
that  he  lived,  not  before  the  deluge,  but  only 
about  the  time  of  David.  And  the  making 
of  7 ubal-Cain,  the  eighth  from  Adam,  to  be 
the  founder  of  Egypt,  is,  as  far  as  we  can  fee, 
carrying  the  antiquities  of  that  country  be¬ 
yond  what  either  facred  or  prophane  hiftory 
will  warrant. 

(?)  Some  copper-ore  requires  to  be  melted 
fourteen  or  fifteen  times,  before  it  will  be¬ 
come  fine,  and  fit  to  grain,  like  hail  (hot,  as 
at  the  copper-works  at  Briftol.  And  it  is 
remarkable,  that  even  the  fourteenth  or  fif¬ 
teenth  regulus  does  not  appear  very  metallic 
to  the  eye :  tho’  another  fufion  will  bring  it 
to  copper. 

The  firfi  Traces  of  Chemiflry. 

[f]  “  We  proceed  in  our  enquiry  to  the 


place 

*  See  Conring.  Hertnet.  Medic.  C.in.  Se  Reins f  Var.  Lett-.  I.  1 1 .  e .  5 .  See  Du  Cange  under 
£he  word  yyutioi*  f  See  above  §.  1. 
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8.  The  country  where  this  art  was  firft  cultivated  to  advantage,  was  that  Place  where 
wherein  the  firft  man  inhabited;  as  we  gather  from  the  hiftory  of  Tubal-  m^alfgic 
Cain  (/),  compar’d  with  the  fables  and  hiftories  of  the  ancient  Vulcan ,  who 
appears  to  have  been  the  fame  with  that  Patriarch  (m) ;  and  is  further  con-  voted. 
firm’d  by  the  origin  of  the  word  chemiftry,  as  already  explain’d  (n).  Alia. 

9.  From 


<(  place  where  chemiftry  had  its  birth  :  a  fub- 
‘‘  jedt  fam’d  for  a  mighty  controverfy  be- 
“  tween  the  learned  Dane,  Olaus  Borrichius, 
“  and  that  monftcr  of  erudition  Her.  Conrin- 
“  gius,  which  divided  the  chemifts  of  Europe 
“  into  two  fadtions.  Conringius  ftrenuoufiy 
“  attack’d  the  antiquity  of  the  art,  which 
“  Borrichius  as  learnedly  defended ;  between 
“  the  two  however,  feveral  points  were  ad- 
“  mirably  difeuis’d,  which  had  otherwife never 
“  been  regarded  ;  fo  that  the  public  was  a 
“  gainer  by  the  difpute.  Nor  muft  Vofflus 
“  and  Bochart  be  forgot,  from  whom  we  have 
“  receiv’d  many  curious  things  on  the  fubjedt, 
“  which  ftiew  a  wonderful  harmony  between 
“  the  Mofaic  and  Egyptian  annals. 

“  2.  The  Babylonians  and  Egyptians  were 
in  difpute,  for  many  ages,  about  the  origin 
t(  of  the  two  nations ;  each  advancing  many 
“  weighty  arguments,  in  proof  of  their  own 
t(  fuperior  antiquity.  ’Tis  hard  to  determine 
“  any  thing  upon  the  matter,  efpecially  at 
“  this  diftance  ;  but  thus  much  muft  be  al- 
lowed,  that  the  god  of  the  Babylonians  was 
“  Horus,  firft  king  of  Affyria,  and  inventor 
“  of  the  art  of  medicine. 

“  j.  Now  Horus  fignifies  fire,  and  the  fun  ; 
“  under  the  firft  of  which  denominations  the 
“  fame  deity  was  worlhipped  by  the  Babylo- 
**  nians,  and  under  the  fecond  by  the  Perfians. 
“  Whence  we  have  a  prefumption,  that  this 
w  Horus  was  the  fame  with  Vulcan,  or  Tubal- 
“  Cain  ;  in  regard  each  is  held  the  inventor 
“  of  fire:  befides  that  Tubal-Cam  lived  in  Me- 
“  fopotamia.  But  this  we  only  advance  by 
“  way  of  conjedture.  Indeed  fince  that  noble 
“  treafury  of  books  and  manuferipts,  founded 
“  by  Callijlhenes  in  Babylonia,  in  the  time  of 
“  Alexander  the  Great,  were  all  deftroy’d, 
fC  we  may  defpair  of  ever  having  any  further 
“  light  into  the  Babylonijh  affairs,  from  any 
f*  authentic  monuments  of  hiftory.” 

(/)  “  And  Zillah  Ihe  alfo  bare  Tubal-Cain, 
“  an  inftrudtor  of  every  artificer  in  brafs  and 
“  iron-*.” 

( m )  Voff.  Id.  G.  I.  65. 

Antiquity  of  the  pr allice  of  Chemifry. 

(*)  “  Before  we  proceed  to  the  antiquity 
“  and  origin  of  the  pradtice  of  chemiftry,  it 
“  may  be  proper,  by  the  way,  to  note,  in 
“  what  view  we  take  the  art,  becaufe  the 


“  different  relations  or  branches  thereof,  will 
“  furniih  different  aera’s. 

“  Chemiftry,  as  now  conceiv’d,  is  a  fyftem 
“  or  affemblage  of  very  different  parts,  which 
“  anciently  fubfifted  feparate,  or  at  leaft  had 
“  a  fubfiftence  prior  to  each  other ;  as  the  pre- 
“  paring  of  metals  for  human  ufes ;  the  tranf- 
“  mutation  of  bafer  metals  into  gold  ;  the  pre- 
“  paring  of  medicines,  isc.  If  now  we  go  to 
“  trace  the  antiquity  of  chemiftry,  confider’d 
“  as  it  converts  other  metals  into  gold  ;  or, 

as  it  prepares  an  univerfal  remedy  for  all 
“  difeafes,  the  refearch  will  not  carry  us  far 
“  back  :  but  as  it  relates  to  the  difeevery  of 
“  metals  in  the  mine,  and  the  digging,  fepa- 
“  rating,  and  purifying  of  the  fame,  it  chal- 
“  lenges  the  higheft  antiquity.  In  this  laft 
<c  fenle,  therefore,  it  is  that  we  at  prefent 
<c  purpofe  to  fearch  into  the  origin  and  anti- 
“  quity  of  chemiftry. 

2.  “  The  art  of  metals  is,  no  doubt,  of 
“  a  very  early  ftanding.  To  find,  procure, 
“  fufe,  refine,  render  malleable,  and  apply 
“  metals  to  ufe,  is  all  of  antediluvian  inven- 
“  tion ;  and  was  attributed  by  the  ancients 
“  to  their  gods.  Mofes,  the  eldeft  author  ex- 
“  tant,  in  his  genealogy  of  the  patriarchs  *, 
“  relates,  that  Tubal-Cain,  the  eighth  from 
“  Adam,  was  the  “  inftrullbr  of  every  artifi- 
te  cer  in  brafs  and  iron,"  to  prepare  the  in- 
“  ftruments  and  utenfils  of  life.  Now,  ’tisap- 
“  parent  nothing  of  this  could  be  effedted' 
“  without  the  knowledge  of  metallurgy. 

“3.  This  account  of  Mofes  is  furprizingly 
“  feconded  by  prophane  hiftory  and  fables  : 
t(  Diodorus  Siculus,  who  lived  in  the  time  of 
“  C  re  far,  when  Egypt  was  become  a  Roman 
“  province,  had  a  fair  opportunity  of  fearch- 
“  ing  into  the  antiquities  of  the  Egyptians }' 
“  and  he  relates,  as  the  refult  of  his  enquiry, 
“  a  very  ancient  tradition  of  one  *h 
“  whom  that  people  hold  the  firft  inventor  of 
“  all  the  arts  and  operations  about  metals, 
“  and  every  thing  elfe  that  undergoes  the 
“  fire;  together  with  their  ufes ;  which  art 
“  he  deliver’d  down  to  pofterity,  fo  far  as' 
“  it  might  be  of  fervice  to  mankind.  This 
“  cf  the  Egyptians  and  Greeks  is 

“  the  fame  with  the  Roman  Mulciber  or 
“  Vulcan ,  to  whom  the  fame  art  or  invention 
“  is  aferibed  ;  and  the  Vulcan  of  the  Latins , 

u  v/e. 


*  Genef  iv.  22. 


•f-  Gen.  iv. 
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$2*# Egypt.  9.  From  the  place  of  its  rire  it  was  propagated,  like  the  other  arts,  into 
Egypt  •,  where  it  was  vigoroufly  profecuted.  Mofes ,  who  was  {kill’d  in  all 
the  learning  of  the  Egyptians  (o),  was  able  to  burn  gold,  fo  as  to  reduce  it 
to  a  powder,  capable  of  mixing  with  water,  and  fit  to  be  drank  (/>)  :  which 
is  one  of  the  higheft  effects  of  the  art,  and  which  the  greateft  chemifts  at 
this  day  are  unacquainted  with  (q). 

io.  Again,  we  find  in  Diodorus  Siculus ,  that  Vulcan  the  fon  of  Jupiter 
by  JujifO^  and  the  firft  King  of  Egypt  (r),  was  deify’d  after  his  death  for 
the  difcovery  of  fire.-,  or  rather  for  having  taught  the  application  to  the 
making  of  utenfils  out  of  metals  ;  as  the  fame  writer  exprefsly  notes  in  thefe 
words.  “  Vulcan  is  faid  to  have  been  the  inventor  of  the  working  of  iron, 
“  copper,  gold,  fiver,  and  other  bodies,  capable  of  being  wrought  by  fire. 
“  He  further  invented  all  the  other  ufes  of  fire;  and  tranfmitted  thofe  arts  to 
“artificers  and  all  other  men  (s).”  Accordingly,  Egypt  itfeif,  as  we  have 
obferved,  was  in  the  iacred  dialed:  of  that  country  called  Xnpla,  Chemia  it) 
and  Hermochemios  ( u)  %  and  alfo  Hephajtia ,  or  Vulcania  (x) :  Tho*  indeed 
the  great  Scaliger  maintains,  that  the  art  of  chemiftry  was  by  the  Egyptians 
-called  Imouth.  And  in  the  book  entitled  Minerva  Mundi ,  tranfcribed  from 
Stobaus*  we  find  Afclepius  ftiled  the  inventor. 

ii.  Add, 


1  we  fuppofe  was  the  ‘Tubal- Cain  of  the  He- 
‘  bre’ivs. 

“  4.  Now  it  appears  from  Homer,  Hrfod, 
‘  Orpheus,  and  all  the  moil  ancient  writers, 

*  that  Vulcan  had  the  art  of  working  brafs 
1  and  iron  ;  and  that  living  under  mount 
‘  JEtna,  he  was  employ’d  in  forging  arms 
‘  for  the  gods  and  heroes.  As  Diodorus  Si- 
‘  cuius  relates  the  ftory,  he  was  the  fon  of 

*  Jupiter  and  Juno,  and  the  firft  King  of 
‘  Egypt ;  and  that  he  was  afterwards  preferr’d 
‘  to  be  a  god,  for  having  invented  fire,  and 

*  taught  men  the  ufe  of  it.  The  difcovery 
‘  was  occafion’d  thus,  happening  to  fee  a 
‘  tree  on  fire,  kindled  by  lightning,  he  ap- 
‘  proach’d  nearer  thereto ;  and  perceiving  a 

*  lenfe  of  heat,  and  that  the  tree  w'as  fenfibly 
‘  conk  m’d,  he  call  other  w-ood  on  the  blaze ; 

*  and  thus  learnt  that  wood  would  maintain 
‘  fire. 

5.  It  muft  be  added,  that  the  Egyptians, 

‘  as  the  fame  Diodorus  obferves,  adored  their 
‘  god  Vulcan ,  as  the  inventor  of  the  whole 
‘  art  and  application  of  metals  ;  fo  that  the 
‘  accounts  of  Mofes  and  Diodorus  perfectly  co- 
‘  incide,  and  prove  the  chemiftry  of  metals 
‘  almoft  coeval  with  mankind.” 

{0)  “  And  Mofes  was  learned  in  all  the  wif- 
‘  dom  of  the  Egyptians,  and  was  mighty  in 
‘  words  and  deeds*.” 

(p)  “  And  tcok  the  calf  which  they  had 


“  made,  and  burnt  it  in  the  fire,  and  ground 
“  it  to  powder,  and  ftrewed  it  upon  the  vva- 
“  ter,  and  made  the  children  of  Ifrael  drink 
“  of  it  -fn”  “  And  I  took  your  fin,  the  calf 
“  which  ye  had  made,  and  burnt  it  with  fire, 
“  and  damped  it,  and  ground  it  very  fmall, 
“even  until  it  was  as  fmall  as  duft ;  and  I 
“  caft  the  duft  thereof  into  the  brook  that 
“  defcended  out  of  the  mount  J.” 

(y)  I’he  faft  is  here  perhaps  too  ftrongly  re- 
prc  fcnted ;  no  mention  being  made  in  the 
text  of  the  powder’d  gold  mixing  with  the 
water  ;  in  which,  if  only  powdered,  it  Ihould 
rather  feem  to  fubfide. 

Dr,  Stahl  feveral  years  fince  has  fhewn  an 
eafy  method  of  diflolving  gold  in  water ;  by 
barely  melting  the  gold  with  a  fuitable  pro¬ 
portion  of  the  liver  of  fulphur,  or  brimftone 
and  pot-alh,  powdering  the  mafs,  and  throw¬ 
ing  it  into  water  ||.  And  in  another  paflage 
of  Borrichius,  the  thing  is  fuppofed  known  to 
the  proficients  in  chemiftry  **. 

(V)  The  beft  accounts,  with  more  probabi* 
lity,  make  him  only  a  petty  prince  of  fome 
ifland  in  the  Archipelago,  as  Sicily,  Cyprus ,  or 
Lemnos,  tho’  there  are  faid  to  have  been  four 
of  the  name  -f-f-. 

(s)  Diod.  Sic.  L. 

(t)  Plutarch.  If.  &  Of.  364.  C. 

(«)  Steph.  Byzantin.  in  Voce^AnvTTQf. 

(x)  Id.  ib. 


*  Alls  viii.  22.  d  Exod.  xxxii.  20.  J  Deuteron.  ix.  21. 

|!  See  Stahl.  Schediafm.  in  Vitul.  Aur.  p.  c?5 — 606.  **  See  de  Ort.  Chcm.  p- 47,  48. 

-f-f  See  Cicer,  de  Natur.  Dear.  L.  V.  Se  Borrich.  de  Ort ,  Chem.  p.  62. 
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11.  Add,  that  at  Memphis ,  a  city  of  Egypt,  there  were  priefts  of  Vul¬ 
can  (y),  and  a  magnificent  temple  to  that  God  (z),  with  veftibles  (a J,  and 
images  (b) ;  and  his  fymbol  there  was  a  vulture  {c\  which  is  a  bird  of  prey. 

Laftly,  according  to  Zeno(d ),  Jupiter  was  alfo  called  Hephaifios ,  by  exten- 
fion  to  artificial  fire  •,  which  name  is  evidently  derived  from  the  Greek  S5p<r3»i, 
to  be  kindled,  or  burn.  The  fame  .is  countenanced  by  that  happy  coiner  of 
epithets  Horace  ; 

- dum  graves  Cyclopum 

Vulcanus  ardens  urit  cjficinas  (e). 

As  alfo  by  the  more  ancient  comic  poet  Plautus  ;  Quo  ambulas  tu ,  qui  Vul- 
canum  in  cornu  conclufum  geris  (/).  All  which  particulars  confpire  to  fhew 
that  the  metallurgic  part  of  chemiftry  was  chiefly  prafticed  among  the  Egyp¬ 
tians  ;  and  that  chemiftry,  taken  in  this  fenfe,  as  well  as  the  name  which 
denotes  it,  are  of  the  earlieft  antiquity  (g). 

12.  Many  ages  after,  the  name  chemiftry  began  to  be  applied  to  another  Origin  of 
thing  •,  viz.  the  art  of  making  pure  gold  out  of  the  bafer  metals,  by  a  true  dchemy. 
converfion,  maturation,  or  at  leaft,  fome  extraordinary  fecret  kind  of  fepa- 

ration  -,  which  art  having  been  much  cultivated,  in  more  modern  days,  by 
the  Arabs ,  was  by  them  denominated  Alchemia ,  and  fometimes,  by  a  little 
alteration,  Alchimia{h). 

13- 


(y  )  Herod,  xi.  3. 

(%)  Id.  xi.  99. 

(a)  Id.ib.  102. 

\b)  Id.  ib.  176.  iii.  37. 

(c)  Vojf.  Id  G.  iii.  573. 

(d)  Diog.  Laert.  vii.  47. 

(e)  Whilft  fcorching  Vulcan  heats 
The  Cyclop's  loaded  {hop  *. 

(f)  Where  goelt  thou  with  Vulcan  in  thy 
lanthorn  ft  ? 

(g)  It  is  evident  that  chemiftry,  fo  far  as 
it  means  only  the  feparating  and  purifying 
of  metals,  to  fit  them  for  common  ufes,  muft 
have  been  ancient  ;  tho’  we  need  not  go  fo  far 
back  for  it  as  the  fabulous  ages,  or  the  time 
of  Hermes,  fuppofed  contemporary  with  Sa¬ 
turn,  or  with  ifis  and  Ofiris,  the  moft  ancient 
King  and  Queen  of  Egypt  ft. 

{b)  Alchemy  is  fo  far  from  being  originally 
Arabic,  that  it  does  not  appear  the  Arabs 
have  any  fuch  word  at  this  day  ;  if  either 
Golius  ||  or  d'Herbelot **  be  of  any  authority; 
who  both  of  them  render  v/hat  we  call  alche; 
my,  in  Arabic,  by  plain  kimia  or  kimiya. 
Some  have  obferved  that  among  the  people, 
chemiftry,  properly  fo  called,  is  reftrain’d  to 
the  treating  of  vegetable  fubje&s  ;  and  that 
it  only  takes  its  name  by  extenfion,  in  the 
preparation  of  metals  and  minerals ;  which  the 


i 

#* 


Lib.  I.  Qd.  IV. 

See  Le  Clerc  Bibliothec.  Uninj,  &  Hijl.  tcm.  j 
Bibl.  Orient,  p.  1005. 


Arabs  call  by  a  peculiar  name,  Simla.  Add, 
that  when  their  authors  fpeak  of  chemiftry 
in  general,  and  the  wonderful  effeft  it  pro¬ 
duces,  they  always  join  the  two  names,  ki¬ 
mia  ova  Jimia,  i.  e.  kimia  isf  Jimia. 

Origin  of  Alchemy. 

“  1 .  Having  fhewn  the  antiquity  of  che- 
“  miftry,  confider’d  with  regard  to  the  art  of 
“  metals  ;  it  remains  to  confider  the  fame 
“  with  regard  to  the  making  of  gold,  and 
“  finding  the  philofopher’s  ftone. 

“  2.  Now,  chemiftry  taken  in  this  light 
“  is  ufually  called  alchemy,  an  Arabic  word, 
“  form’d  by  prefixing  the  augmentative  par- 
“  tide  al,  to  denote  it  the  moft  eminent,  and 
“  fublime  part  of  the  art :  as,  of  gebra  is 
“  form’d  algebra,  of  kermes,  alkermes.  Sec. 
“  But  it  muft  here  be  remember’d,  that  the 
“  word  alchemy  has’  a  double  acceptation, 
“  refpeding  the  two  different  things  which  it 
“  purfues  :  viz.  (1.)  The  fecret  of  making 
“  gold  from  any  other  metal.  (2.)  An  uni- 
“  verfal  medicine  for  the  cure  of  all  dileafes 
“  which  is  a  diftin&ion  of  the  utmoft  mo- 
“  ment,  in  an  enquiry  into  the  origin  of  al- 
<c  chemy. 

“  3.  Our  firft  bufinefs  then  (hall  be  to. 
“  fettle  the  aera  of  alchemy,  as  it  propofes 
“  the  making  of  gold.  This,  we  venture  to 

“  fay,. 

ft  Amphitr.  i.  185. 

||  Lex.  Aral.  p.  108.7,  Sc  2066*. 
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13.  Suidas  who  lived  in  the  tenth  century  obferves,  that  Dioclejian ,  who 
reign’d  in  the  twenty  laft  years  of  the  third  century,  ordered  all  the  books 
of  this  art  to  be  burnt,  on  account  of  fome  confpiracies  which  the  Egyp¬ 
tians  were  forming  againft  the  Roman  date.  He  fays,  that  as  to  ct  Che- 
<c'  miftry,  or  the  art  of  making  gold  and  filver  ;  Dioclejian  procured  the  chc- 
“  mical  books  to  be  fought  out,  and  b’^rnt  ;  becaufe  the  Egyptians  rebelled 
cc  againft  him. — He  ufed  them  with  great  feverity  and  cruelty  ;  ordering 
44  all  the  writings  of  the  ancients  concerning  the  chemiftry  of  gold  and  filver 
“  to  be  fearch’d  out,  and  burnt :  that  the  Egyptians  might  not  have  a  fup- 
44  ply  of  wealth  from  that  art;  nor  from  their  wealth,  a  ftock  of  confidence 

44  and 


,c  fay,  is  not  near  fo  ancient  as  the  art  of  me- 
“  tals ;  nor  do  we  find  any  trace  thereof  be- 
“  fore  the  third  century.  The  chemifts  in- 
e<  deed  go  higher,  and  will  abate  nothing  of 
“  the  age  of  Adam  That  patriarch,  they 
“  fay,  was  no  {hanger  to  the  art  of  making 
gold,  which  he  taught  his  defcendants  j 
“  tho’  it  had  the  fortune  to  be  loft  at  the 
“  flood  ;  and  was  only  reftored  by  Mofes  and 
“  his  filter,  from  whom  it  has  been  handed 
“  down  without  interruption  thro’  the  fuc- 
“  ceeding  ages.  But  a  matter  of  hiftory  is 
tc  only  to  be  demonftrated  from  monuments 
“  of  hiftory  ;  and  the  ancient  hifiorians,  poets, 
&c.  are  all  perfectly  filent  as  to  any  fuch 
“  thing.  Neither  Orpheus ,  Homer,  nor  He- 
11  pod,  nor  any  of-  the  Latin  fcholiafts  or 
“  antiquaries,  or  their  commentators,  men- 
<£  tion  any  thing  of  the  matter.  And  what 
“  would  not  the  poets  have  given  for  fuch 
a  boundlefs  field  of  fidtion  and  fancy  ? 
<f  Arijiotle ,  aflifted  by  Alexander  the  great, 
<(  matter  of  all  the  antiquities  of  the  Perfians, 
<e  Chaldeeans,  Babylonians,  Egyptians ,  Hebrews, 
“  and  Greeks ;  this  Arijiotle,  who  deferibed 
“  the  properties  of  bodies,  and  all  their  phy- 
fical  changes,  has  not  one  word  of  the  phi- 
lofopher’s  ftone  :  and  can  it  then  be  thought 
pclfible  the  Egyptians,  the  people  of  Ajia 
“  and  India  fhould  have  had  any  fuch  fecret? 
“  Theophrajius  was  Ari/Iotle's  difciple  ;  he  writ 
“  of  vegetables,  ftones,  metals,  and  foflils,  of 
“  gold,  filver,  mercury,  and  all  the  minerals, 

*  and  befide  his  own  ftock  of  knowledge,  was 
matter  of  all  the  works  of  Arijiotle :  yet  he 
“  takes  no  notice  of  tranfmutation.  Pliny , 

“  that  indefatigable  naturalift,  who  compiled 
“  his  work  from  fo  many  thoufand  volumes  ; 

“  who  fearch’d  with  unwearied  pains  into 
“  every  thing  ftrange,  and  out  of  the  way  ; 

“  and  who  has  comprehended  almoft  all  the 
“  monuments  of  art  and  nature  within  his 
“  pandefts,  never  mentions  any  thing  like  a 
philofopher’s  ftone,  which  fhould  tranfmute 
“  metals,  in  all  their  fubftance,  into  gold. 
*J  In  all  the  hiftorians,  we  find  nothing  to 


“  countenance  this  imaginary  antiquity ;  no- 
“  thing  that  flievvs  it  to  have  been  talk’d  of 
“  even  in  Galen's  time.  For  we  bar  the  con- 
“  jedlures  which  the  chemifts  ufe  to  advance 
“  on  this  occafion  ;  as  in  truth  they  are  no 
“  better  than  chima^ra’s.  What,  for  inftance, 
“  can  be  more  fo  than  to  find  the  do&rine  of 
“  making  gold  couched  in  the  ftory  of  the 
“  Argonauts ,  the  books  of  Mofes  and  the  re- 
“  velation  ?” 

4.  For  the  antiquity  of  alchemy,  confi- 
der’d  as  it  aims  at  an  univerfal  remedy ;  or 
even  at  any  remedy  at  all,  it  appears  to  be 
the  lateft  branch  of  the  art.  Many  are 
of  opinion,  that  all  preparations  of  me’tals, 
and  other  matters,  for  medicinal  ufes,  were 
utterly  unknown  to  the  ancients ;  and  firft  in¬ 
troduced  by  Paracelfus. 

5.  Borrichius,  however,  pleads  ftrenuoufly 
for  the  antiquity  of  this  branch  ;  and  employs 
much  learning  and  fubtility  to  prove  it  ante¬ 
diluvian,  and  Hermes  Trifmegifius  the  author. 
Now,  the  fate  of  every  art  is  only  to  be  ex¬ 
hibited  from  the  genuine  monuments  of  hi¬ 
ftory;  and  fome  author  fhould  here  be  pro¬ 
duced  to  warrant  this  antiquity  ;  by  relating, 
that  the  art  was  invented,  or  cultivated  in 
fuch  or  fuch  an  age. 

6.  But  Borrichius  will  have  it  ancient  with¬ 
out  any  fuch  voucher  :  the  chief  ground  he 
goes  on,  is  a  paffage  in  St  Jerom,  who  fpeak- 
ing  of  Hermes,  fays  he  was  a  great  phyjician. 
But  is  this  a  proof  of  his  having  the  art  of 
making  gold  out  of  bafer  metals,  and  of  mak¬ 
ing  a  medicine  by  means  thereof  that  fhould 
cure  all  difeafes  ? 

7.  Hiftory,  in  effett,  affords  no  ground  for 
the  opinion  ;  Mofes,  fuppofed  the  oldeft  writer 
extant,  and  thofe  who  immediately  fucceeded 
him,  are  filent  on  the  point ;  and  yet  Mofes  was 
an  adept  in  all  the  learning  of  the  Egyptians,  and 
relates  the  origin  oF  all  the  arts  from  Adam 
to  Noah  ;  and  had  a  fair  opportunity  for  this, 
in  treating  of  the  lepra  in  Leviticus,  had  he 
known  it.  From  Mofes  to  the  Babylonijh 
captivity,  we  have  no  hiftorian :  the  firft  that 

appears. 
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u  and  courage  to  raife  any  more  rebellions  (*).”  And  the  fame  author 
elfe where  ( k )  goes  much  higher,  aflerting  in  exprefs  terms  that  “  the 
“  golden  fleece,  which  Jafon  and  the  Argonauts  carried  over  the  Pontic  fea 
“  to  Colchis ,  was  only  a  book  wrote  on  fkins,  which  taught  the  manner  of 
“  making  gold  by  the  chemical  art.”  This,  if  he  had  given  proper  vouchers 
for  it,  would  have  carried  back  the  antiquity  of  chemiftry  thirteen  cen¬ 
turies  before  Chrift  ;  in  which  time  the  fcience  mud  have  been  both  known, 
practis’d,  and  even  written  of;  fo  as  to  prove  the  occafion  of  the  painful  and 
hazardous  expedition,  which  the.  Argonauts  embark’d  in  :  but  what  dis¬ 
credits  the  relation  is,  that  Mofes  and  the  other  facred  writers,  as  alfo  San- 
chcniatho ,  Orpheus ,  Homer ,  Hefiod,  Pindar ,  Herodotus ,  'Thucydides ,  Hip¬ 
pocrates,  Arijlotle ,  Theophrrfius ,  Diofcorides ,  Galen  and  Pliny  ffiould  have 
been  utterly  fllent  on  this  head  ;  when  the  deflgn  and  fcope  of  their  wri¬ 
tings,  as  well  as  the  age  wherein  they  lived,  and  the  opportunities  they  had 
of  Information  ffiould  indifputably  have  led  them  to  have  made  mention 
thereof.  Nor  have  we  any  conviction  to  the  contrary  from  thofe  pafiages 
of  Pliny  concerning  malleable  glafs  (/) ;  or  of  Dion  Cajfius  ( m )  concerning  the 
fame  being  rejected  by  Tiberius  ;  nor  another  paflage  of  Pliny  (#),  relating  to 
Caligula ,  who  with  great  difficulty  procured  a  little  fine  gold  out  of  orpi- 
ment ;  fince  thefe  teflimonies  only  prove  that  fuch  operators  were  proficients 
in  the  Art  of  glafs  and  allaying (<?). 

14.  It  muft  be  owned  however  that  Julius  Maternus  Firmicus  (p),  who  Antiquity  a- 
wrote  in  the  beginning  of  the  fourth  century  (q)  fpeaks  of  the  fcience  of  al-  ™yng  the 
chemy  as  a  thing  well  known  in  thofe  days  ;  if  the  text  of  this  author  may  ree  cUr&' 

be 


appears,  is  the  Phoenician ,  Sanchoniatho,  who 
was  cotemporary  with  Zorobahel :  to  him  we 
are  indebted  for  what  we  know  of  the  Phoeni¬ 
cian  and  Grecian  antiquities  ;  but  he  has  not 
a  word  of  the  phiiofopher’s-ftone,  or  the  grand 
medicine.  Herodotus  and  Thucydides  afford  us 
no  more  light ;  and  yet  the  former  is  very 
particular  in  enumerating  the  arts  of  the  Egyp¬ 
tians.  Nor  does  Diofcorides ,  who  travelTd 
thro’  Chaldea,  Per  fa,  Babylon,  Egypt,  Africa , 
Europe,  and  other  countries,  and  colieded 
every  thing  relating  to  the  art  of  phyfic, 
mention  any  thing  of  an  univerfal  medicine. 
JEtius  likewife,  who  colieded  his  Tetrabiblos 
from  all  the  writers  then  known,  and  from  a 
thoufand  now  loft,  is  filent  in  this  particular; 
though  he  is  very  exprefs  in  rehearftng  all  the 
arcana  for  the  feveral  difeafes ;  his  work  being 
a  kind  of  index,  or  inventory  of  all  antiquity. 
Afk  Hippocrates,  who,  according  to  Zoranus's 
account,  paffed  thro’  all  Egypt,  Africa,  and 
the  coafts  of  the  Mediterranean  fea,  to  make 
difeoveries  and  improvements  in  his  art ;  and 
afk  Galen  too,  who  was  a  no  lefs  laborious 
enquirer,  why  they  all  took  fuch  pains,  by 
flow  imperceptible  means  to  improve  their  art, 

*  See  Lt  Clerc  Hijl.  dt  la  Medecine,  p.  770. 


when  they  had  it  in  their  power  to  cure  all 
the  difeafes  of  the  human  body  by  a  fingle 
preparation,  known  to  fo  many  perfons  ?  Is 
it  pofiible  that  Galen ,  who  publifh’d  an  ac¬ 
count  of  all  the  feds  and  writers  among  the 
phyficians,  fhould  be  fo  inadvertent  as  to  for¬ 
get  fo  fingular  a  body  of  enthufiaftical  quacks, 
had  they  been  then  in  being  ?  A  pretender  to 
an  univerfal  remedy  could  never  have  efcap’d 
the  gall  of  his  pen. 

(i)  See  Suid.  in  <voce  Xnuilf-- 
(t)  Id.  in  njoce  a tpetf. 

(1)  Hif.  Nat.  xxxv.  25. 

\?n)  L.  vii.  p.  67. 

(n)  Hif.  Nat.  xxxiii.4. 

(0)  Nor  are  the  teftimonies  themfelves  clear, 
and  exprefs  to  the  points  here  mention’d  ; 
thofe  of  Pliny  being  given  with  fome  fort  of 
diffidence,  or  fufpicion  of  their  truth,  efpe- 
cially  as  to  the  art  of  making  glafs  malleable. 
See  the  places  above  cited. 

(p )  Jofeph  Scaliger  takes  this  to  be  the 
moft  ancient  author  extant  that  mentions  al¬ 
chemy,  tbo’  he  wrote  in  Latin,  and  only  in 
the  time  of  Confantine  the  Great  *, 

(?)  Ill  Mathef.  55. 
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be  allowM  for  genuine.  /Eneas  Gazeeus,  who  lived  at  the  clofe  of  the  fifth 
century,  fpeaks  likewife  of  it  in  his  Theophrajlus ,  or  treatife  of  the  immor¬ 
tality  of  the  foul,  where  he  mentions  it  as  a  matter  publickly  known,  and 
afferts  that  “  thofe  who  are  fkilful  can  take  filver  and  lead,  and  changing 
«  their  former  natures,  convert  them  into  the  fined:  gold  (r).**  Anaftafws 
the  Sinaite(s),  half  an  age  after,  according  to  the  computation  of  Vofius  (t)  ; 
or  at  lead:  after  the  middle  of  the  feventh  century,  as  Fabricius  more  ma¬ 
turely  fixes  his  age  (a),  fpeaks  fomewhat  more  exprefily,  and  fays,  “  For  the 
“  fcripture,  not  defiring,  or  teaching  us  to  become  refiners,  lapidaries, 
“  or  jewellers,  fays  thus  (#).’* 

E  dcfia flics  T5-  In  the  feventh  century  Georgius  Syncellus  writ  profeffedly  on  the  art. 

among/  the  He  was  fucceeded  by  a  multitude  of  authors  in  alchemy,  whole  manufcript 
Greeks,  the  pieces  are  ftill  found  in  the  libraries  of  Rome ,  Venice  and  Paris ,  all  written 
chief,  if  not  ^  Qree^  language  ;  but  in  a  ftile  which  fhews  the  barbarifm  of  their  age, 
^ersmal-  and  alfo  that  moft  of  them  were  ecclefiafticks  by  profeflion.  A  catalogue 
chemy.  of  thefe,  as  given  by  Borrichius  (y)  and  others,  is  here  fubjoined. 


Catalogue  of 
unpublifhed 
Greek  manu¬ 
fcript  s  treat¬ 
ing  of  alche¬ 
my. 


> 


luvu n<&.  Cujus  &  tradatus  de  la- 
pidePhilofophorum,  eft  in  Bibliotheca 
Lugduno-Batavae  Academiae. 

(pi\bcro(p@ri  tig  (3iSXiov  A riy-o- 
xp  trou.  Totus  tradatus  apud  Fabric. 
Bibb  Gr. 

7ja<rty.(&i  o  (xfyug,  o  o  ttccvo- 

oroX'nrig.  ex  7 rccvd'sroXi  Aigypti  Ul'be. 

Libri  xxiv.  T/aoo'3-  ad  SwfSaav.  Cu¬ 
jus  tituluS,£«cr»//.ou  rou  ttoovoottcXitov  ywiriot 
ygoityn,  -crepl  t  rig  Upetg,  Of  fa?  repsiing  rou 

vtroVy  ccoyjplov  7ro»n<n(§p.  &  Z 

\  >  /  V  f 

wsgi  opyuvuvy  Hj  xjxyivw. 


’XlAujaifrjoJujp^  b  AAf£a.v<lp»v©J. 
*HAi bbup<&>  zrefi  ^puo-OTroiWi^1. 


(r)  Biblioth.  Patr.  vol.  2.  p.  373. 
p)  Or  monk  of  Mount  Sinai,  and  probably 
afterwards  patriarch  of  Antioch* . 

(t)  Vojf.  Id.  G.  1.  I.  p.  25. 

(»)  Bibl.  Gr.  vol.  ix.  /.  v.  P.  v.  p.  313. 

\x)  The  Greek  paflage  here  quoted,  without 
any  reference,  has  its  difficulties  j  fo  that  we 
doubt  whether  we  have  given  the  genuine 
fenfe  of  it ;  and  can  by  no  means  perceive  ei¬ 
ther  the  clearnefs  or  pertinency  of  it  to  the 
p.refent  point }  <viz.  alchemy,  or  the  art  of  ma¬ 
lting  gold  we  therefore  here  give  the  original 


16.  (i)Synefius  j  whofe  treatife  of 
the  philofopber*  s  Jlone  is  in  the  library 
of  Ley  den. 

(2)  Synefius  the  philofopher^  on  the' 
book  of  Democritus,  publifhed  entire  in 
Fabricius  (z). 

(3)  Zofimus  the  greats  the  divine , 
the  Panapolite,  of  Panapolis,  a  city  of 
Egypt,  wrote  xxiv  books  of  mouth ,  or 
chemijlry ,  to  Theofebia,  entitled  Zofi¬ 
mus,  the  Panapolite,  his  faithful  de¬ 
fer  iption.  of  the  facred  and  divine  art 
of  making  gold  and  filver  ;  alfo  of  in — 
Jlruments  and furnaces. 

(4)  Olympiodorus ,  the  Alexan¬ 
drian. 

(5)  Heliodorus,  on  the  making  of 
gold. 

’I  ubcvvrig 

paflage,  as  apprehending  that  the  learned  au¬ 
thor  might  fee  more  in  it  than  we  do  ; 
XpvcrcySovg  iiuag,  Kui  Altkoyvg,  xui  ypguHrjng 
’XgvtroKQtX) imov  XtQcov  dTrgya’fi&ou,  «  ypetpii,- 
fivkofivn,  kooi  ■m.iS'tvaov.,  tu-vtu.  pYWiv .  If  in¬ 
deed  the  word  here  wrote  ypvnv^ovg,  gold- 
melters,  were  y^vovoroing,  “gold-makers,  it 
would  be  to  the  purpofe  *f\ 

(y)  De  Hermetis  A Egyptiorum  &  Cbemi - 
corum  Sapientia.  pTfbf 80,  feq. 

(2:)  Bibl.  Gr.  L.  V.  C.  22.  p.  222.  Gr.  & 
Lat. 


*  See  Le  Clerc  Suppl.  to  Moreri,  under  Anajlafius. 

t  See  Anajiaf.  Anagog.  Contempt,  in  Rexam,  bib.  viii.  Bibl  Pat  rum.  Vol.  is.  p.  898.  B. 
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'luxvvvt  ’Aa^tfpeu'f,  rou  iv  iroXsiy 

<enfi  tjjj  Te^pjj?. 

Xre(px v(Gy  o  (piXwofy©*  xXefcxvfyevg  ol- 
xovoy.ix.oSj  -srsfi  rijf  ugxg,  xj  3-g/a?  rigyrig  rou 

j^p-jo-ou  Troimi^y.  Hujus  &  Manufc.  in 
Bibliotheca  Academic  Lugd.  Batavas. 

XYiyEVTlKoi. 

Xatpxg  ev  7 reptnd*. 

clEpyvg  feculo  fexto  circumlatus,  lau- 
datus  a  Zofimo. 


AiO(rxou^©J  o'  tf^euf  yspslx ov  Xs^xTriS®* 
Iv  'AXsf’Xvfpix. 

’Oi~XV7ig  CC7 r  '  AiyoTXTov  7rpog  HeTX<T10V 
7regi  Trig  ispxg  X)  Selxg  Ttgyyg. 

Mutrwg  Trpotprnng  irspi  yyiyiVTixyg  <ruv- 
tx£i&>. 

Mxpix  'Ec  pxix. 

UsXxyit^  (piXoo-otpQy  irsfi  rrjg  Gelxg,  xj 
ufg  TE^vng. 

nof<pifi&. 

vel  ’EmSnxt®*. 

K eyxgi(§y  (piXo<ro(p(§y,  xj  xp%ugEvgy  Ji- 
ixaxuv  tw  EXeottxt^xv  tvv  Qslxv  xj  up  ecu 
TE^VVV  TOV  A/0«  T^f  (pl\0<ro(p(x{. 


ILXecttxt^x  n  pvvn  II roXiyxla  rou  (3x<ri- 
Xioog.  Eadem  wff »  rx&yuv  x}  ytTgcov. 

"Koiryx  U^oyovxgov  tpyiviix  Trig  %pv<ro- 
Trotag. 

*A yxQo$xiywv  elg  tov  %p?myov  'Op(peocg 
cvvxyooyv,  x}  V7royvyyx. 

UxTnrov  (piXoco<pis  ipyov. 

*HoaxA£r@->  o'  |3a<nA£Uf, 

XxXyxvx  ’'A^xS^y  ysQob(&>. 

XoiS~iaii&‘  Trip l  rov  Qslov  v'J'xt®3. 

®£0<pgxg~@J  (piXocrotpQy  7rep)  Trig  Qttxg 
r£X,vyg. 

Ag%£Xx(§*  (ptXotro^p^3  mpy  Trig  fytlxg 
TEyyng. 

K.Xxvcilxv(§y . 

Av£7 r(yga({)@y  (piXoco^f^  n reg\  yy- 
ytixg. 


(6)  John,  the  high-priejiy  in  the 
holy  city ,  concerning  the  holy  art. 

(y)  Stephen,  the  univerfal philofo¬ 
pher ,  ^Alexandria,  £/V  account  of  the 
holy  and  divine  art  of  making  gold :  pre¬ 
ferred  in  MS.  in  the  library  0/" Leyden. 

(8)  Orus,  his  chemical  pieces. 

(9)  Sophar,  in  Perfia. 

(10)  Hermes,  extant  in  the  Jixth 
century ,  cited  by  Zofimus. 

( 1 1 )  Diofcourus,  priejt  of  the  great 
Serapis,  in  Alexandria. 

(12)  Oftanes,  of  Egypt,  /<?Peta(ius, 
concerning  the  facred  and  divine  art. 

(13)  Mofes,  the  prophet ,  on  che¬ 
mical  compofition. 

(14)  Mary,  the  Jew. 

(15)  Pelagius,  the  philofopher ,  on 
the  holy  and  divine  art. 

(16)  Porphyry. 

(17)  Epibychius,  or  Epibechius. 

(18)  Comarius  the  philofopher  and 
high-prieji ,  his  piece  inft rutting  Cleo¬ 
patra  in  the  divine  and  holy  art  of  the 
philofopher' s  Jlone. 

(19)  Cleopatra,  wife  of  king  Pto¬ 
lemy.  The  fame ,  on  weights  and  mea - 
fures. 

(20)  Cofma  the  monk,  his  interpre¬ 
tation  of  the  art  of  making  gold. 

(21)  Agathodasmon,  his  collettion 
and  comment  on  the  oracle  of  Orpheus. 

(22)  Pappus  the  Philofopher ,  his 
work. 

(23)  Heracleus,  the  king. 

(24)  Salmana  Arabus,  his  method. 

(25)  Chriftianus,  on  holy  water. 

(26)  Theophraftus,  the  philofopher, 
on  the  divine  art. 

(27)  Archelaus,  the  philofopher,  on 
the  divine  art. 

(28)  Claudian. 

(29)  Sergius. 

(30)  An  anonymous  philofopher  on 
chemiftry. 


D  2 


20 


The  Hi ft or y  of 

MifcarA  'PsAA'©’  7T£(n  ^vgottoixs. 

Vixit  Tub  Conftantino  Duca.  Borrich. 
pag.  79.  anno  1060.  poft  Chrift. 

las  '7rgo(prlTi<;  tw  vuo 

Bae]w ,[a$xs  ioyoM  vrmov. 

N  ixi(pog(gy. 

An/xcHgiTov  f3/SA©p  7 rgotpuvyS-euroi  Aev- 
urnrco, 

Ar.rj.Qxcn^r’  (pvtnxoi  f  uufDtz. 

'l£^O0£©»  (plAO(TO(p©J  7T££l  AlUo'J  T«V  ©1- 

Ac<ro£paiv. 

Trraaji  Movx^Qf,  oirwy  JeTivgiGKtn  y.t- 
Qobo  V  ctg’yvgov, 

(<2)  See  Borrich.  Herne.  JEgypt.  p.  79. 

\b)  The  author’s  account  of  the  ancient 
Greek  chemifts  being  fomewhat  jejune,  as  well 
as  otherwife  defective  ;  we  think  it  neceflary 
to  fubjoin  a  more  full,  and  diftinft  notitia,  or 
recital  of  them  ;  the  rather,  as  there  is  little 
likelihood  of  ever  feeing  them  publifh’d,  how 
earneftly  foever  many  have  wifhed  for  it.  Leo 
Allatius  had  a  defign  to  have  given  an  edition 
of  them  ;  but  the  corruption  of  their  text,  the 
obfcurity,  the  quaintnefs,  and  inaccuracy  of 
their  fymbols,  their  continual  allegories,  their 
high-flown  figures  and  hyperboles,  will  go 
near  to  intimidate  any  lefs  laborious  editor. 

The  principal  copies  are  in  the  emperor’s 
library  at  Vienna ,  the  king'of  France's  at  Pa¬ 
ris,  the  Elizabeth  library  at  Breflaw,  and  that 
of  the  duke  of  Saxe-Gotha  :  befides  feveral 
particular  pieces  in  the  library  of  the  Efcurial , 
and  the  Bodleyan. 

The  Vienna  copy  of  this  body  of  Greek 
chemifts,  was  written  by  Corn.  Nauplienjis ,  a 
native  of  the  Morea,  refiding  at  Venice  in  the 
year  1564. 

The  Catalogue  is  as  follows. 

1.  EPMHT,  or  Hermes;  extant  in  MS. 
in  the  elector  of  Bavaria’/  library  at  Munich  * . 

2.  £PMOT~<pi;ct^m'  Ccaputy  or  Hermes' s  phy- 
fical  tin&ures. 

3.  - CiCa©-,  or  book  of  che¬ 

mical  initiation. 

4.  - -  A  fragment  of  chemiftry  in  Greek 

and  Latin,  extant  in  MS.  in  the  Vienna  library , 
Cod.  LI.  fcf  LII.  n.  8. 

5.  -  Fragments,  in  Greek,  extant  in 

MS.  in  the  library  of  Gotha. 


Chemistry* 

(31)  Michael  Pfellus,  on  the  mak¬ 
ing  °f  g°ld.  He  lived  under  Conftan* 
tine  Duca,  in  the  year  of  Chrift 
1060  ( a ). 

(32)  Ifis,  the  prophet  efs,  to  her  [on 
Or  us. 

(33)  Blemmidas,  his  chemical  work. 

(34)  Nicephorus. 

(35)  Democritus,  his  book  to  lutu- 
cippus. . 

(36)  Democritus,  his  phyfical  and 
myjiical  writings. 

(37)  Hierotheus,  the  philofopher , 
concerning  the  philofopher* s Jlone. 

(38)  Ifaac  the  monk ;  how  to  find 
the  method  of  making  Jilver  [b). 

l7- 

6.  - Liber  de  arte  alchemiae,  extant 

in  MS.  in  the  Bodleyan  library,  being  given  by 
Sir  Ivenelm  Digby  ;  and  found  likewife  in  the 
Elizabeth  library  at  Breflaw. 

7.  -  Secreta,  in  MS.  in  the  Elizabeth 

library  at  Breflaw. 

8.  "  ■  1  ■  Tabula  Smaragdina,  feu  verba 
fecretorum,  with  other  chemical  pieces  found  in 
MS.  in  the  Bodleyan  library ;  and  with  the 
commentaries  of  Wilh.  Chr.  Kriegfmannus,  in 
Manget’s  Bibliotheca  chymica  curiofa.  Genev. 

1 702.  fol.  T.  II.  p.  380. 

9.  - -  A  piece  in  Leonine  verfes,  ext. 

in  MS.  in  the  Bodleyan  library ,  being  part  of 
the  donation  of  Elias  Afhmole. 

xo.  Liber  de  compofitione,  tranjlated  from 
the  Arabic,  extant  in  the  philof ophite  chymicee 
IV.  vetuflijf.  feripta.  Francof.  1605.  8vo. 

1 1 .  - de  lapidis  philofophici  fecreto  tr. 

aureus ;  divided  into  vii  chapters,  and  illufirated 
with  fcholia  by  an  anonymous  writer  ;  extant  in 
the  fourth  volume  of  the  theatrum  chymicum . 
Stralb.  1613.  8vo,  p  627.  and  in  Manget’s 
Bibl.  Chym  T.  1.  p.  400. 

12.  ’ ATA0OAAI  MI2N  eh  Toy  gywajxoy  OP- 

cvvscypyYi  f)  vnr'ofjLVtifjur.,  i-  e.  Agatho- 
dtsmons  colleftion  and  memorial  on  the  oracle 
of  Orpheus,  in  Greek,  extant  in  MS.  in  the 
king's  library  at  Paris,  and  in  that  of  Fabricius 
at  Hamburgh  -j-. 

13-  ’  ArA0OAAIf  MONOS  ’xpvmi mix,  i.  e. 
Agathodamon's  art  of  making  gold,  extant  in 
MS.  in  the  library  of  the  Efcurial,  and  in .  that 
of  the  eledior  of  Bavaria  at  Munich. 

14.  - a  fragment  of  chemiftry,  in 

MS.  Greek  and  Latin,  preferved  in  the  Vienna 

library , 


*  Suppofed  to  have  flourilhed  in  the  XX  th  century  before  Chrift. 
f  In  the  XIXth  century  before  Chrift, 
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lib-, ‘ary.  Cod.  LI  and  LII,  n.  8.  and  in  the 
library  of  Gotha. 

15-  ’'iSIE,  7 to  o'/«  ''flfeo,  i.e.  Ifis 

the  prophetefs  to  her  fon  Horus,  in  MS  in 
the  king's  library  at  Paris,  and  in  that  of  Fa 
bricius  at  Hamburg  (1). 

16.  f/nPOY  yA.uivvKcL,  i.e.  Chemical  wri¬ 
tings  of  Horus  (2). 

17.  ZO<t>AvP  0  b  n«f  ci  rr,  i.e.  Sophar  in 
Perfide,  in  MS.  at  Munich  in  the  electoral 
library. 

18.  M£2'lH£i  'sr&Qnvit,  ofes  yeuwv.'Ms  ovv- 
Tv-fy®-,  i.  e.  Mofes,  the  prophet,  on  chemical 
compoiition  (3). 

19.  MniE'flS  Ai-nhutnt,  i.  e.  Mofes' s  che¬ 
mical  fecret,  entitled,  duplication,  Greek  and 
Latin ,  extant  in  MS.  in  the  Vienna  library , 
Cod.  LI.  and  LII.  n.  26.  and  ln  Greek  alone, 
in  the  royal  library  at  Paris,  and  that  of  Fa- 
bricius  at  Hamburgh. 

20.  MAPl'A  'e £>£/z,  i-  e.  Mary  the  He¬ 
brew  ;  extant  in  MS.  in  the  e  left  oral  library 
at  Munich  (4). 

21.  - Pra&ica  in  artem  chymicam, 

extant  in  MS.  in  the  Bodleyan  library 

22.  - -  Pra&ica  lapidis  philofof hici, 

extant  in  the  collection  of  writers  artis  auriferre , 
Ealil.  1593.  8vo  vol.  I. 

23  OSTANOY,  tylKoortVs,  IIETa'- 

SION  'sfei  77?  i  it  ays  uvtvs  x)  ^iiasfiyvnfi  he. 
Ofanes  the  philofopher’s  letter  to  Pelafus  on 
the  facred  and  divine  art  (on  the  compoiition, 
ufe,  and  effett  of  the  water  of  mercury.)  ex¬ 
tant  in  MS  Greek  and  Latin,  in  the  Vienna  li¬ 
brary,  Cod.  LI.  and  LII.  n.  3.  in  the  royal  li¬ 
brary  at  Paris,  in  that  of  the  elector  of  Bavaria 
at  Munich,  in  that  of  Gotha,  in  the  Ambro- 
fian  library  at  Milan,  in  If.  Voffius’r  library. 
Cod.  147,  in  ^Elizabeth  library  at  Breflaw, 
in  that  of  Fabricius  at  Hamburgh  (5). 

24.  ’iHa'nNOY,  'AfX'igtos,  ™  b  dyla 

1  e-  J°hn,  prieft, 
in  the  holy  city,  on  the  facred  art ;  in  Greek, 
extant  in  MS.  in  the  royal  library  at  Paris,  in 
the  electoral  library  at  Munich,  and  in  Fabri- 
cius’j  library  at  Hamburgh  (6) . 

25.  AHMOKPITOS,  ’ a£ J\gtTys,  yvcnyds  <pt- 

Aocrep©-,  'sfe*  yyi  etgyJfj*)  k&i  c'lSuv, 

ya.i  owptpuaaf,  i  e.  Democritus  the  Abderite, 
the  natural  philofopher,  on  the  tin&ure  of  gold 
and  filver,  and  on  precious  ftones  and  purple; 
in  Greek,  extant  in  MS.  in  the  library  of  the 
Efcurial,  in  the  elector's  library  at  Munich,  and 
in  the  Elizabeth  library  at  Breflaw  (7). 

(1)  In  the  XIXth  century  before  Chrift. 

(3)  In  the  XVth  century  before  Chrift. 

(5)  In  the  Vth  century  before  Chrift. 

(7)  In  the  Vth  century  before  Chrift. 

(9)  In  the  Ift  century  before  Chrift. 


26.  ahmokpi'toy,  QWTiyJ;  K,  uvsiyc C,  i.  e, 
Democritus's  phyfical  and  myftical  pieces  ; 
Greek  and  Latin,  extant  in  the  Vienna  li¬ 
brary,  Cod.  LI.  and  LII.  n.  4.  In  the  library 
of  the  Efcurial,  the  royal  library  at  Paris, 
the  library  of  Gotha,  the  Ambrofian  library 
at  Milan,  and  the  Elizabeth  library  at  Breflaw. 

- - ln  Latin,  with  the  commentaries 

of  Sineiius  and  Pelagius,  tranfated  from  the 
Greek  by  Dominicus  Pizimentius — To  which 
are  added  nine  centuries  of  memorable  things  ; 
printed  at  Cologn,  1572,  i2rno:  and  with 
the  fcholia  and  commentaries  of  Synefius,  Pela¬ 
gius,  Stephanus  Alexand.  and  Mich.  Pfellus, 
at  Padua,  1573.  8vo. 

27.  KOMAP  IOY.  <pi\0(n$K 

y.ovm  7>h  KAEOriA'TPAN  nil  Siiov.’  ■ -ai  Uyy.v 
li-gnp  n  aj9k  7 its  <p  thorny  104,  i.  e.  The  work 
of  Comarius,  the  philofopher  and  prieft,  teach¬ 
ing  Cleopatra  the  divine  and  facred  art  of  the 
philofopher’s  ftone ;  in  Greek,  extant  in  MS., 
in  the  royal  library  at  Paris,  and  in  that  of'Pa.- 
bricius  at  Hamburgh  (8). 

28.  KAEOriA'TPA,  »  yurh  rs  EITY2 AE- 
MAl'OY,  i.e.  Cleopatra,  wife  of  Ptolemy-,  in 
Greek,  extant  in  MS.  in  the  eleClor  of  Bava¬ 
rian  library  at  Munich  (9). 

- bi  7wv  KAEOriA^PAS  7T5f? 

ycLi  rccQyJov,  i-  e.  a  chemical  fragment  of 
Cleopatra  concerning  weights  and  meafures 
Greek  and  Latin,  extant  in  MS.  in  the  Vienna 
library  Cod.  LI.  and  LII.  n.  1 1 .  and  in  Greek 
in  the  library  of  Gotha. 

29.  Tik  KAEOriA'TPAE  'AtS.  r CoQpeov 

fijow  ycLTU.  ‘vsKa\®r  acffs  iuycot) 

itigtcnv  iydrtis  ^  Ait&s  nyyias,  ^ 

df’cf.y  fa  (  yyt  ">  ffufj.a  td(,  i.  e.  Cleopatra's  large 
explanation  of  weights  and  meafures,  for  the 
ready  finding  any  mina,  pound,  ounce,  drachm, 
and  fcruple ;  in  Greek,  extant  in  MS.  in  the 
royal  library  at  Paris,  and  that  of  Fabricius  at' 
Hamburgh. 

30.  KAeOEIa'tpaE  •/(svac-m'ita,  i.  e.  Cleo¬ 
patra's  Chryfopaeia,  or  art  of  making  gold,  con- 
fifting  almoft  wholly  of  ^enigmatical  charac¬ 
ters  ;  in  Greek  and  Latin,  extant  in  MS.  in 
the  Vienna  library  Cod.  LI.  and  DM.  n.  14. 
and  in  Greek  in  the  library  of  Gotha. 

3 1  •  nOPOY'piOS,  i.e.  Porphyry,  in  Greek,. 
found  in  MS.  in  the  electoral  library  at  Mu¬ 
nich  (ic).  Trad.  chym.  MS.  ext.  in  the  library 
of  If.  Voflius. 

32.  *H  ’iAMBA^XOY  7tilltns,  l.e.  Jambli-- 
ckus's  poefy,  or  art  of  making  gold  ;  in  Greek, 

extantt 

(2)  In  the  XVIth  century  before  Chrift. 

(4)  In  the  XVth  century  before  Chrift. 

(6)  In  the  Vth  century  before  Chrift*. 

(8)  In  the  Ift  age  before  Chrift. 

(10)  In  the  I  lid  century  after  Chrift*. 
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extant  in  MS.  tn  the  royal  library  at  Paris,  and 
in  that  p/"  Fabricius  at  Hamburgh*. 

34.  'hAIOAUPOY,  <piKt<n:x,  <we)i  ©eo- 

AOZION*  7VI>  f-li^dLV  GxOlkkttt  <G%2  TVlS  TO)V  Ql- 
hoovyav  nurix* if  'Ttyxrt  Jhzr't%&v  iajjAcov,  i-  e. 
Heliodorus  the  philofopher’s  iambic  poem  to 
the  Emperor  Theodcfius  the  Great,  on  the  my- 
Aic  art  of  the  philosophers,  confifting  of  268 
verfes,  in  Greek  and  Latin  ;  extant  in  the  li¬ 
brary  at  Vienna,  Cod.  LI.  and  LII.  n.  29.  in 
Greek  alone,  in  the  royal  library  at  Paris,  in 
thofe  of  Wolfenbuttle,  Bern,  the  Ambrofian  at 
Milan,  and  the  Elizabeth  library  at  Breflaw. 
Befides  another  MS.  in  Greek,  confifting  of  269 
ajerfes,  extant  in  the  royal  library  at  Paris,  and 
printed  in  Fabricius’/  Bill.  Grac.  Vol.  VI. 
p.  790.  feq 

35-  oiAi'nnor,  e/JVJtw,  &av»  nt?  • 

cnas  yAkKts,  g  Gettpn  7b  Ivdiris  cn- 

i.  e.  Philip  the  Sidite" s  tinfture  of  Per- 
fiah  copper,  and  tindlure  of  Indian  iron,  in 
Greek  and  Latin  ;  extant  in  the  Vienna  li¬ 
brary,  Cod.  LI  and  LII.  n.  17.  and  in  Greek 
in  the  library  of  Gotha  -f-. 

36.  ’EIIIBY'XIOX,  or  ErilBH'XlOZ,  i-  e. 
Epibychius,  or  Epibechius.,  in  Greek  ;  extant 
in  the  library  of  the  debtor  of  Bavaria  at  Mu¬ 
nich. 

37-  znzf'MOY,  7b  rr Avomh'nis,  ^fUiWKA, 
five  libri  xxiv  77k  IuiS  ‘Bfgif  ©EOZEBIAN 
aflkQnv,  i  e  Tjofimus  the  Panopolite's  Imouth, 
or  xxiv  books  on  the  chemical  art,  to  his  filter 
‘Iheofobeia,  in  Greek  ;  extant  in  MS.  in  the 
brings  library  at  Paris. 

38.  - - yvtiaiet  7nex  wif  npy.t  Xj 

Psittti  rixvuf  7 ik  <fb  ©  xai  D  -noin^as,  i.  e. 
a  genuine  defeription  of  the  facred  and  divine 
art  of  making  gold  and  filverj  extant  in 
Greek,  in  MS.  in  the  royal  library  at  Paris, 
and  in  that  of  Fabricius  at  Hamburgh. 

39.  ZOXl'MOY  7b  Silts  vpgi  a§i7Vf  )tj  f£- 
fj.m'&tct.ii  i-  e.  Zofimus,  the  divine,  his  book 
concerning  virtue  and  interpretation  ;  extant 
in  MS.  in  Greek  and  Latin,  in  the  Vienna  li¬ 
brary,  Cod.  LI.  and  LII.  n.  7.  In  Greek,  in 
the  kings  library  at  Paris,  in  the  library  of 
Gotha,  the  Elizabeth  library  at  Breflaw,  that 
of  Fabricius  at  Hamburgh,  and  the  Ambro- 
flan  at  Milan. 

40.  •  —  <75 rgy(  ©EOAHPON  Y.ipd.k£ioc, 

i.  e.  Chemical  chapters  to  “Theodor us,  extant 
in  Greek  and  Latin,  MS.  in  the  imperial  li¬ 
brary  at  Vienna,  Cod.  LI.  and  LII.  n.  12. 
In  Greek,  in  the  king's  library  at  Paris,  and 
in  Fabricius’/  library  at  Hamburgh. 

41 .  •  . . — -  mex  ogytvwv  x)  Kx/uivuv,  ry  7nd 

•7B  Silts  vdk rax,  i.  e.  Of  chemical  inftruments 
and  furnaces,  and  of  the  divine  water  ;  extant 
in  Greek  and  Latin,  MS.  in  the  emperor's  li- 

*  In  the  IV th  century  after  Chrifl, 


brary  at  Vienna,  Cod-  LI.  and  LII.  n.  15.  In 

Greek,  with  the  addition  of  figures  in  the  royal 
library  at  Paris,  the  Elizabeth  library  at  Bref¬ 
law,  and  that  o/'Fabricius  at  Hamburgh. 

42.  - 7nex  o^yLeuv  Kctf/iuuv,  ypnofst 

C  Toij.vhiua.Ttt.,  i  e.  Genuine  commentaries  con¬ 
cerning  chemical  inftruments  and  furnaces  ; 
extant  in  Greek  and  Latin,  MS.  in  the  Vienna 
library.  Cod.  LI.  and  LII.  n.  15. 

43  - *  fuel  agi-nfi  evvSi'n&'f  vJ&tw, 

i.  e.  On  the  virtue  of  the  compofltion  of  wa¬ 
ters  j  extant  in  Greek  MS.  in  the  kings  li¬ 
brary  at  Paris,  the  Ambrofian  at  Milan,  and 
that  of  Fabricius  at  Hamburgh. 

44.  - -  7 nei  tvs  'AffCisrv,  i.  e.  On  the 

albeftos  ;  extant  in  Greek  MS.  in  the  kings 
library  at  Paris,  and  in  that  of  Fabricius  at 
Hamburgh. 

45.  - -  pur/iui  i.  e.  Myftical 

book  ;  extant  in  Greek  in  the  fame  libraries. 

46.  -  - ..  ...»  Divers  fmall  pieces ;  in  Greek 
MS.  in  the  ducal  library  at  Gotha,  the  elector 
of  Bavaria’/  library  at  Munich,  and  the  Eliza¬ 
beth  library  at  Breflaw. 

47-  KAAYAIANO'z,  i-  e.  Claudian  :  ex¬ 
tant  in  Greek  MS.  at  Munich  in  the  elector's 
library. 

48  AIO/ZKOPOZ,o  fk  tuyLkrs  Yeperr 

'tftJksT*  \v  Ake^ctvcT^i a,  i- e.  Diofcorus,  jrieft 
of  the  great  Serapis  at  Alexandria ;  extant  in 
MS.  in  Greek  in  the  e  left  or  ^Bavaria’/  library 
at  Munich. 

49.  XYNEIl'oY,  <r>ikcovw,  treyi  AIOZKO'- 
PON,  7b  \v  Aks^a.vJ'^  tot  eif  /3j3*  ov  AHMO- 
KPITO  Y*  ds  iv  GMkiQis,  i.  e.  Synefius  the  phi- 
lofopher’s  epiftle  to  Diofcorus,  prieft  of  the 
great  Set-apis  at  Alexandria ,  ferving  as  fcholia 
on  Democritus's  book  (of  natural  and  myftical 
things ;)  extant  in  MS.  Greek  and  Latin  in 
the  Vienna  library.  Cod.  LI.  and  LII.  n.  5. 
and  in  the  Wolfembuttle  library,  in  Greek 
in  the  debtor' s  library  at  Munich,  the  library 
at  Gotha,  the  Elizabeth  library  at  Breflaw, 
and  the  Ambrofian  library  at  Milan.  It  has 
alfo  been  publijh' d  by  Fabricius  in  his  Bibl. 
Gra:c.  1.  V.  c.  22.  Vol.  8.  p.233.  with  the 
Latin  verfion  of  Dominicus  Pizimentius,  which 
alone  had  been  printed  before,  together  with 
Democritus,  at  the  end  of  Ant.  Mizaldus’/  Me¬ 
morabilia.  Cologn  1572.  izmo — With  De¬ 
mocritus,  Pelagius,  aWPfellus  at  Padua  1573. 
8vo. — And  with  the  Tumba  Semiramidis  her- 
metice  figillata  of  a  modern  writer.  Norim- 
berg  1717.  8vo.  An  Englilh  verfion,  made 
from  the  copy  in  the  library  of  Vienna.,  is  printed 
at  the  end  of  the  Englifh  tranfiation  of  Bafll 
Valentine,  London  1678.  8vo.  ^High-Dutch 
tranfiation  has  alfo  been  publifhedby  Fred.  Roth- 
fcholzius,  Altorf.  1718.  8vo. 

t  In  the  V th  century  after  Chrift. 


50. 
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jo.  - Treatife  of  the  philofopher ’s-ftone, 

in  MS.  in  the  uni'verfity  library  at  Leyden. 

51.  IEAA'Kj  Moi °77zof  <hl  s  voter  Km 
p.'i’hJbv  d(>yoPK>  that  is,  Ifaac,  the  monk,  on 
finding  the  method  of  filver ;  extant  in  MS. 
Greek  anct  Latin,  in  the  king’s  library  at 
Paris. 

52.  !OAYMniOAOPOY,  tptAOffbpis' AAi^ocv- 

nxfyi  TTETa'eION  7VV  flxcnKiU  ’ A? ««* 
v'tas  he  to  kxT  hiftynocv  ZftEIMOY  oto  cltto 
*£PMOY~  xj  twv  0  'Aoohpav  yemv  ^n/UL&Pet  that 
is,  Olympiodorus  the  Alexandrian  philofopher’s 
commentary,  according  to  the  operation  of 
Xofimus ,  on  thofe  things  deliver’d  by  Hermes 
and  other  philofophers  concerning  chryfopoeia, 
or  the  art  of  making  gold ;  extant  in  MS. 
Greek  and  Latin,  in  the  Vienna  library ,  Cod. 
LI.  and  LII  n.  23.  in  Greek,  in  the  king's 
library  at  Paris,  in  the  eleftor  of  Bavaria’/  li¬ 
brary  at  Munich,  the  library  of  Gotha,  the 
Elizabeth  library  at  Breflaw,  and  that  of  Fa- 
bricius  at  Hamburgh. 

^53.  @EO$PAL7 OY,  ©/AotrojK,  7n(}'i  Tvictv- 
TMf  &icti  tIvi'D?  d>et  fiypv  )du(ia.j  that  is, 

' Theophrafus  the  philofopher’s  iambic  poem  on 
the  divine  art,  confiding  of  265  verfes  j-  ex¬ 
tant  in  MS.  Greek  and  Latin,  in  the  Vienna 
library.  Cod:  LI.  and  LII.  n.  30.  in  Greek 
in  the  king's  library  at  Paris,  the  elefior's  li¬ 
brary  at  Munich,  the  Elizabeth  library  at 
Breflaw,  the  Ambrofian  at  Milan,  and  that  of 
Fabricius  at  Hamburgh. 

54-  fIEpO0EO2>  $iXcmp&,  7npi  Aid k  vwv 
plKocitpxv,  that  is,  Hierotheus  the  philofopher, 
on  the  philofophcr’s  ftone. 

5v  'lEFOSE'OY  77S£l  7j}f  isgjt?  7?Vfa?,.that 
is,  Hierotheus  on  the  facred  art,  (or  making 
gold)  written  in  profe  y  extant  in  MS.  Greek 
and  Latin,  in  the  Vienna  library ,  Cod  LI. 
and  LII.  n.  28.  In  Greek,  in  the  royal  library 
at  Paris,  the  library  of  Gotha,  the  Ambrofian 
library  at  Milan,  and  that  of  Fabricius  at 
Hamburgh. 

56.  'lEPOQE'OY,  tpiAoadz*,.  -mpi  Ttt(  Oivjiif 

Seat  Kai  iegci{  7iyvtH,  did,  r / /vs  that 

is,  Hierotheus  the  philofopher’s  poem  on  the 
divine  and  facred  art,  confiding  of  230  iambic 
verfes  ;  extant  in  MS.  Greek  and  Latin,  in 
the  Vienna  library ,  Cod.  LI.  and  LII.  n.  31. 
In  Greek,  in  the  king's  library  at  Paris,  in  the 
library  of  Gotha,  the  Ambrofian  library  at 
Milan,  the  Elizabeth  library  at  Breflaw,  and 
that  of  Fabricius  at  Hamburgh. 

57.  -  A  like  poem  in  Greek,  con¬ 

fiding  of  64  verfes,  extant  in  MS.  in  the  king's 
library  at  Paris,  and  in  that  of  Fabricius  at 
Hamburgh. 

€  58-  ’apxeaa'oY,  <piAoao$\s,  7 rz^'t  7~f  <zv]nc 
t‘£*f  Ityvnt  rty.av  tdfs.(Z&>p ,  'that  is,  Ar - 

t belaus ,  the  philofopher,  on  the  facred  art, 


compofed  in  iambic  verfes,  322  in  number; 
extant  in  MS.  Greek  and  Latin,  in  the  Vienna 
library ,  Cod.  LI.  and  LII.  n.  32.  In  Greek, 
in  the  king' s  library  at  Paris,  the  Elizabeth  li¬ 
brary  at  Breflaw,  the  library  of  the  Efcurial, 
the  duke  of  Bavaria’/  library  at  Munich,  and 
that  of  Fabricius  at  Hamburgh. 

59-  'At'izr'iypx.pQ-  ©fAoso;©-  7n.f1  ynu(HX{, 
i.  e.  An  anonymous  philofopher  on  chemidry ; 
extant  in  MS.  Greek,  in  the  Elizabeth  library 
at  Breflaw. 

60.  ’avettt}- ^dp*  7n^i  0  77t> tictf .  that  is,  An 
anonymous  philofopher  on  the  making  gold  ; 
extant  in  MS.  in  the  king's  library  at  Paris, 
and  that  of  Fabricius  at  Hamburgh. 

6r.  ’AvB-nrypdqns  mpi  AevKj27to/id{,  An  ano¬ 
nymous  writer  on  the  art  of  whitening;  ex¬ 
tant  in  MS.  in  Greek,  in  the  Ambrolian  li¬ 
brary  at  Milan. 

62-  - -  vdk'jQ-  7 Hi  Kivmnu <•, 

that  is,  on  the  divine  whitening  water,  and  0- 
ther  parts  of  the  art  of  making  gold  ;  extant 
in  MS.  Greek  and  Latin  in  the  Vienna  library. 
Cod.  LI.  and  LII.  n.  6.  In  Greek,  in  the 
king's  library  at  Paris,  the  Elizabeth  library 
at  Breflaw,  and  that  of  Fabricius  at  Ham¬ 
burgh. 

63.  FIAA'TfiN,  that  is,  Plato ;  extant  in' 
MS.  in  Greek,  in  the  library  of  the  Efcurial,. 
and  that  of  the  eleftor  of  Bavaria  at  Munich. 

^64.  IIEA A TI  OY ,  <ptAoa'o<pis,  775 gl  7ri(  frtiai 
7tu1>iy  koci  lig&s  %Xiik,  that  is,  Pelagius,. 
the  philofopher,  on  the  divine  and  facred  art 
extant  in  MS.  Greek  and  Latin,  in  the  Vienna 
library.  Cod.  LI.  and  LII-  n.  2.  In  Greek, 
in  the  king's  library  at  Paris,  in  the  Bodleyan 
at  Oxford,  the  elector  of  Bavaria’/  library  at 
Munich,  the  library  of  Gotha,  the  Elizabeth- 
library  at  Breflaw,  the  Ambrofian  library  at 
Milan,  and  the  library  of  Fabricius  at  Ham¬ 
burgh. 

65.  ’EYrENl'OY,  775£<  trgAf  'iiyvvt, 
that  is,  Eugenius  on  the  facred  art ;  extant  in 
MS.  in  Greek,  in  the  king's  library  at  Paris,, 
and  in  that  o/’Fabricius  at  Hamburgh. 

66.  -  Chemical  fecret,  compofed 

chiefly  in  chemical  characters  ;  extant  in  MS. 
Greek  and  Latin,  in  the  Vienna  library.  Cod. 
LI.  and  LII.  n.  17.  and  in  the  library  of 
Gotha. 

67.  KOEMA  j  'ueyuovdyx,  eojM/iveiot,  7*( 
SOTS-ii/W-u*  7  PS  ^iffOTroiiat  ,  that  is,  Cofma  the: 
monk’s  explanation  of  the  art  of  making  gold 
extant  in  MS.  Greek  and  Latin,  in  the  king's 
library  at  Paris,  and  that  of  Fabricius  at 
Hamburgh. 

68.  'hpakaeFos'o  that  is.  He - 

raclius  the  king  ;  extant  in  MS.  in  Greek,  in 
the  library  of  the  Efcurial,  and  in  that  of  the 
eledor  of  Bavaria  at  Munich. 

694 


2  4- 


The  Hifiory  of  Chemistry 


69  XE'PriOS.  that  is,  Sergius', 
in  MS.  Greek,  in  the  eledior  of  Bavaria’ r 
hr  ary  at  Munich. 

70.  T?  XnOKva  rrep)  r a  S-sni  u'cJa.T^, 
that  is,  an  anonymous  Chriftian  writer  on  the 
divine  water,  to  Sergius  ;  extant  in  MS.  Greek 
and  Latin,  in  the  Vienna  library,  Cod.  LI. 
rend  LI  I.  n.  10.  in  the  kings  library  at  Paris, 
and  thit  of  Fabric! us  at  Hamburgh  . 

7« . - —  ttzpI  £’g~iz$£ixg  rs  yowns,  that 

is,  on  the  weighing  of  gold  ;  extant  in  MS. 
Greek,  in  the  kings  library  at  Paris,  and  that 
ef  Fabrieius  at  Hamburgh. 

72.  — — -  Divers  chemical  chapter?  ;  ex¬ 
tant  in  MS.  Greek,  in  the  Vienna  library , 
Cod.  LI.  and  LII.  n  16. 

73.  -  Labyrinth  of  Solomon ,  on  tem¬ 

pering  iron,  making  cryftal,  and  other  fecrets 
of  nature ;  extant  in  MS.  Greek,  in  the  Am¬ 
brofian  library  at  Milan. 

74-  ETE^ANOT,  ’AAs^vJp ecog,  oixts- 
fxBvixM  (pi\o<rbCp>s,  jc}  crass  Aa  rrtg  fj.ey«. Xng 

\  c  ^  /  /  \ 

Xy  ispocg  TaiTrig  t iyjir\g  7 rssi  xovvorroucig 
rrpafctig  ivvex,  nrpog  'HPA  KAEION  t ov  Ga- 
(TiXsa  ;  that  is,  Stephen  of  Alexandria ,  the  uni- 
verfal  philofopherand  mafter,  his  nine  procefies 
on  the  great  and  facred  art  of  making  gold 
and  filver,  addrefs’d  to  the  emperor  Heraclius ; 
extant  in  MS,  Greek  and  Latin,  in  the  Vienna 
library ,  Cod.  LI.  and  LII.  n.  1.  and  in  the 
library  of  Wolfembuttle  *. 

73.  — — - In  Greek,  in  the  king's  library 

at  Paris,  the  univerfity  library  of  Leyden,  the 
Elizabeth  library  at  Breflaw,  the  library  of 
Gotha,  the  Ambrofian  library  at  Milan,  and 
in  that  of  Fabrieius  at  Hamburgh. 

76. . In  Latin,  tranjlated  by  Domi- 

nicus  Pizimentius ;  publifhed  together  <with  De¬ 
mocritus  de  arte  magna,  and  the  pieces  of  Sy- 
nefius,  Pelagius,  and  Mich.  Pfellus  on  the  fame 
fubjett,  at  Padua  1573.  8vo. 

77- -  I'EUfoXrj  7 rpeg  ©EOAHPON, 

that  is,  an  epiftle  to  Theodore  ;  extant  in  MS. 
Greek  and  Latin,  in  the  Vienna  library.  Cod. 
LI.  and  LII.  n.  1 .  in  the  king's  library  at 
Paris,  the  Elizabeth  library  at  Breflaw,  the 
Ambrofian  at  Milan,  and  in  that  of  Fabrieius 
at  Hamburgh. 

78.  STEfl>ANOX  0  (pi\o<ro(p&)  that  is, 
Stephen  the  philefopher  ;  extant  in  MS.  in 
Greek,  in  the  electoral  library  at  Munich. 

79-  IIA  nnOT  (piXocro<pis  ipyov  Tzrspl  rrif 
tspoog  Ttyprig,  that  is.  Pappus  the  philofo- 
pher’s  work  on  the  facred  art ;  extant  in  MS. 
Greek  and  Latin,  in  the  Vienna  library,  Cod. 

*  In  the  Vllth  century  after  Chrift. 

|  In  the  Xlth  century  after  Chrift. 


LI.  and  LII.  n.  25.  In  Greek,  in  the  king's 
library  at  Paris,  the  Ambrofian  library  at  Mi¬ 
lan,  the  Elizabeth  library  at  Breflaw,  the  li¬ 
brary  of  Gotha,  and  that  of  Fabrieius  t U 
Hamburgh  f. 

80.  APISTOTE'AHS,  that  is,  Arifotle-, 
extant  in  MS.  i?i  Greek,  in  the  library  of  the 
Eicurial,  and  in  that  of  the  duke  of  Bavaria  at 
Munich. 

81.  - de  perfe&o  magifterio  ;  extant 

in  Gull.  Gratarolusk  collettio  fecretorum  al- 
chcmia?,  edit.  Bafil.  1561.  ..fol.  p.  188.  .and 
T.  II.  edit.  Bafil.  1572.  8vo.  alfo  in  the  thea- 
trum  chemicum,  Lrfeilis  1602.  and  Argent. 
1613.  Svo.  Tom.  III.  p.  36 — 118.  and  in 
Mangeik  Biblioth.  Chem.  T.  i.  p.  638. 

82.  - Pra&icaphilofophici  lapiais,  pub- 

Vjh'd  among  the  opufcula  vet.  philofophorum  de 
alchemia.  Francof.  1550  41O.  alfo  in  the  the- 
atrum  chym.  Argent.  1622.  Svo.  Tom.  V. 
and  in  Mangetk  Biblioth.  Chym.  T.  I.  p.  659. 

83  * -  Breviarium,  in  MS.  in  the  Bod- 

leyan  library.  > 

84  MIXAH'A  TE'AAOS  rrsfi  xovtro- 
7rci/ar,  that  is,  Michael  Pfellus  on  the  art  of 
making  gold  and  filver,  to  Mich  Cerularius, 
patriarch  of  Corfantinople  ;  extant  in  MS.  in 
Greek,  in  the  Budleyan  library ,  being  part  of 
the  donation  of  Mr.  Selden ;  alfo  in  the  library 
of  the  Efcurial,  and  in  that  of  the  eleftor  of 
Bavaria  at  Munich.  Publifljed  alfo  in  Latin, 
tranfated  by  Dominic.  Pizimantius,  together 
s with  Democritus,  Synefius,  Pelagius,  and  Ste- 
phanus  Alexandrines  de  magna  &  facra  arte. 
Patav.  15.73  Svo  ||. 

85.  Ta  [xa.xap\ns  TroaxrotpH  TEAAOT 

*  .  V  \  «  /  / 

iiriroAri  7rpo$  rov  ccyiurotrov  rov 

HTflTAl  NON  X(>'JiT07rou<x,g^  that  is, 

the  blefied  and  univerfally  learned  Pfellus,  his 
epiftle  to  the  moll  holy  patriarch  Xiphilin,  on 
the  making  of  gold  ;  extant  in  MS.  in  Greek, 
in  the  king  s  library  at  Paris,  :n  the  library  of 
Gotha,  ar.d  that  of  Fabrieius  at  Hamburgh. 

86.  MfOodo?  Ft  rig  arrojiX^TOu  ri  c<pou- 
^Otldrig  X<X.X OC^Oi)  xotTOt<TX£'ou<r§£~cr<x.  zrocpoi  T» 
iv  Ttyjxpyla,  the*  Gorins  XAAMANA", 
that  is,  the  method  of  preparing  round  hail, 
as  performed  by  the  famous  operator  Salmana ; 
extant  in  MS.  in  Greek,  in  the  king's  library  at 
Paris,  and  in  that  of  Fabrieius  at  Hamburgh. 

87-  NIKHfl>0  POT  xa  BAHMMHAOT, 

Trip)  tuv  (pvcrixuv  cccxooVy  that  is,  Nicephorus 
Blemmida  of  phyfical  principles 

88.  BAHMMIAAS  -ztrep t  xgv<ro7rcifxg9 
that  is,  Blemmidas  on  chryfopceia,  or  the. 

art 

f  In  the  Vllth  century  after  Chrift. 
j  In  the  Xlllth  century  after  Chrift. 


extant 

li- 
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17.  Concerning  thefe  Greek  writers  on  alchemy  fee  Andreas  Libavtus , 
thro*  all  his  works,  efpecially  againft  Guibert  \  Conringius  de  Med.  Herm.(c)  ; 

Borrichius  de  Ort.  Chem.  (i),  and  againft  Conringius  (<?)  •,  Fabricius  Biblioth.  gr. 
pajfrn,  and  the  catalogue  of  the  library  of  the  university  of  Leyden  (  f). 

18.  One  cannot  eafily  forbear  admiring  to  find  that  the  excellent  G.  Agricola 
was  well  acquainted  with  thefe  authors.  In  the  preface  to  his  elaborate  treatife 
de  re  metallica ,  which  wasfinifhed  before  the  year  1550,  and  which  is  fo  ap¬ 
plauded  by  Erafmus ,  he  enumerates  moft  of  them,  much  in  the  order  wherein 
they  are  above  cited  (g). 

19.  All  thefe  abovementioned  authors,  by  chemiftry  only  denote  the  art  Signification 
of  converting  the  more  imperfeft  metals  into  pure  gold  ;  nor  appear  to  have  °f  a^etnl' 
ever  thought  of  any  thing  like  an  univerfal  medicine  for  all  difeafes  of  the  hu¬ 
man  body  {h ). 


art  of  making  gold  ;  extant  in  MS.  in  Greek, 
in  the  ki tig's  library  at  Paris. 

89.  - - eoyov  X'Wf/.evTixov,  that  is,  che¬ 

mical  work  ;  in  MS.  in  Greek,  in  the  library 
of  the  Efcurial, 

Thefe  pieces  of  Greek  chemiftry  feem,  by 
their  antiquity  and  fpecious  titles,  to  have 
greatly  propagated  the  notion  and  practice  of 
alchemy,  or  the  fearch  after  the  philofopher’s 
ftone ;  but  there  are  grounds  to  fufpedt  that 
they  are  chiefly  fragments,  and  compofed  by 
monks  and  other  men  of  letters,  living  at 
Athens,  Alexandria,  and  Confiantinople,  long 
after  the  times  of  Chriftianity  ;  then  collected 
into  a  body,  and  brought  into  Italy,  £sV. 
probably  by  the  refugee  Greeks,  after  the  fiege 
of  Confiantinople.  The  collector  is  faid  to 
have  lived  after  the  reign  of  Heraclius,  and 
to  have  interpolated  and  alter’d  his  colle&ion 
at  pleafure ;  fo  that  fcarce  any  thing  can  be 
gather’d  from  it  concerning  the  age  or  reli¬ 
gion  of  thefe  authors.  Reinefius  has  given  a 
learned  cenfure  of  this  body  of  Greek  chemifts 
in  High-Dutch,  which  Fabricius  gives  us  in 
Latin  *.  Indeed,  as  Herodotus,  Clemens  A- 
lexandrinus ,  and  other  ancient  writers,  when 
they  fpeak  of  the  learning  of  the  Egyptians, 
are  ftlent  as  to  the  chemical  art ;  and  as  Pliny 
fays  not  a  word  of  it,  we  rather  agree  with 
Conringius  and  Reinefius,  than  with  Borrichius, 
that  all  the  pieces  extant  in  this  collection  of 
Greek  manuscripts,  under  the  names  of  Her¬ 
mes,  Democritus ,  Arifiotle,  Sec.  are  at  leaft 
pofterior  to  the  times  of  Dioclefian  and  Ibeodo- 
fius.  None  of  them  are  publifh’d  in  the  ori- 


20. 

ginal  Greek  ;  tho’  feveral  in  Latin,  and  fome 
in  Engli/h  tranflations  j. 

(1 c )  P.  21.  ad  31. 

{d)  P.  97. 

(e)  P.  66.  ad  95. 

(f)  The  author  adds,  in  our  former  edition^ 
“  that  the  art  feem’d  now  confin’d  to  the 
“  Greeks,  and  among  them  few  wrote  but  the 
“  religious ;  who,  from  their  folitary  way  of 
“  life,  were  led  into  vain  enthuftaftical  fpe- 
“  culations,  to  the  great  diflervice  and  adul- 
“  teration  of  the  art.  The  greater  part  of 
“  them  are  yet  in  manufcript,  and  like  to 
“  continue  fo,  till  chemiftry  is  more  ftudied, 
“  or  the  chemifts  know  more  Greek.  They 
“  are  all  wrote  in  the  natural  ftyle  of  the 
“  fehoolmen,  full  of  jargon,  flights,  and  ob- 
“  fcurity.” 

(g)  X'JUiVVKai  fcripfit  Ofihanes,  Hermes, 
Chanes,  Tjofitnus  Alexandrinus,  ad  fororem  The- 
ofebiam,  Olympiodorus  item  Alexandrinus,  Aga - 
thodcemon,  Democritus ,  non  Abderites  ille,  fed 
alius  nefcio  qui ,  Orus  Chiyforichites,  Pebi - 
chius,  Comerius,  “Johannes  Apuleius ,  Petafius, 
Pelagius,  Africanus,  fheophilus ,  Synefius,  Ste¬ 
phanas  ad  Heracleum  Ccefarem,  Heliodorus  ad 
Iheodofium ,  Geberus,  Calides  Rachaidibus,  V e- 
radianus,  Rhodianus,  Canides  Merlinus,  Rai- 
mundus  Lullius,  Arnoldus  Villano-vus,  Augufii- 
nus  Pantheus  Venetus  ;  fee  mines  tres,  Cleopatra, 
Virgo  Taphnutia,  Maria  Judaica ;  hi  omnes 
foluta  oratione,  unus  Johannes  Aurelius  Augu- 
rellus  Ariminenfis  nterju  fcripfit  [|. 

(h)  Vide  Conrig.  de  Med.  Herm.  p.  15,  16. 

Improvers  of  Chemiftry. 

The  origin  of  chemiftry  thus  laid,  we  pro¬ 
ceed 


*  Bibl.  Gr.  L.  6.  c.8.  p  748,  &c.  „  ,  , r  , .  .  r 

See  7 heat.  Clym.  Turb.  Philo fophor.  Aur.  Veil.  &rc.  See  alfo  the  phflofophic  works  o 
Hermes,  Geber,  Artephius,  Elammel,  Bacon,  and  Ripley,  englifh’d,  with  a  comment  on  t  e 
firft  book  of  Hermes,  by  W.  Salmon,  8vo.  1692. 

|i  8ee  Agric.  de  Re  Metal.  Prof. 
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ini  cal  fhyfic 
from  mifakes. 


IV riters  on 
alchemy  fince 
the  Greeks. 
800. 

<niz.  Geber. 
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20.  But  after  the  Arabs  had  begun  to  cultivate  the  art  of  chemiftry  hitherto 
fpoke  of,  viz.  as  including  metallurgy  and  alchemy  ;  the  metaphorical  and 
hieroglyphical  manner  of  writing,  which  obtained  among  them,  feems  to  have 
given  rife  to  a  pra&ice  of  calling  the  means  or  helps  made  ufe  of  for  bringing 
metals  to  perfection,  by  the  name  of  medicines  •,  the  imperfeCt  metals,  by  the 
name  of  lick  men  *,  and  gold,  by  that  of  a  found,  lively,  healthy,  durable 
man.  From  whence  the  ignorant  at  length  fell  into  the  error  of  fuppofing 
that  thefe  were  to  be  underftood  in  a  literal  fenfe  ;  efpecially  upon  finding  the 
impurities  of  the  bafer  metals,  call’d  by  the  name  of  leprofy,  the  moft  in¬ 
curable  of  all  difeafes.  Hence,  firft,  rofe  an  opinion,  which  has  fince  been 
propagated  far  and  wide,  that  the  imperfeCl  metals  might  be  tranfmuted  into 
gold,  and  the  bodies  of  fick  men  into  found  ones,  by  one  and  the  fame  che¬ 
mical  preparation  :  to  which  they  gave  the  name  of  the  philofopher* s-fione, 
or  the  gift  azoth  j  and  call’d  its  poffeflors  adepti.  The  opinion  feem’d  con¬ 
firm’d  from  a  few  fimple  experiments  of  extracting  medicinal  virtues  from 
drugs  by  chemiftry ;  which  Rhafes  had  given  the  firft  inftances  of,  but  which 
in  the  eleventh  century  Avicenna  (i)  further  illuftrated,  in  a  defcription  of  the 
Arabian  Julab ,  or  diftilled  rofe-water ,  and  Mefue  afterwards  confirmed  more 
at  large. 

21.  The  chief  among  thefe  Authors  were  the  following  ;  viz.  (1)  Geber, 
call’d  the  Arab ,  but  really  a  Greek  by  country,  according  to  Leo  Africanus 
having  firft  been  a  Chriftian,  but  afterwards  turn’d  Mahometan.  He  liv’d  in 
the  feventh  century,  and  writ  in  Arabic  ( k ).  His  works  were  tranfiated  into 

Latin 

“  here  to  obferve,  that  in  his  language,  th« 
“  bafer  metals  are  all  leprous  men,  and  gold 
“  a  healthy  one.  When  therefore  he  fays,  I 
“  mill  cure  fx  lepers,  he  means  no  more  than 
“  that  he  will  turn  them  into  gold,  which 
“  fhall  bear  the  trial  of  antimony.  But  as 
“  he  was  no  phyfician,  ’tis  more  than  proba- 
“  ble  he  never  thought  of  any  univerfal  re- 
“  medy.  After  this  writer  we  don’t  meet 
“  with  any  other  of  diltinclion  till  the  twelfth 
“  century. 

3.  “  Golius,  profeflor  of  the  oriental  Ian- 
“  guages  in  the  univerfity  of  Leyden,  made 
“  the  nrfc  prefent  of  Geber  s  piece,  in  manu- 
“  feript,  to  the  publick  library  ;  and  tranf- 
“  lated  it  into  Latin,  and  publifhed  it  in  the 
“  fame  city,  in  folio  ;  and  afterwards  in  quarto, 
“  under  the  title  of  Lapis  Philofophorum.  It 
“  contains  abundance  of  curious  and  ufeful 
“  things  about  the  nature  of  metals,  their  pu- 
“  rification,  fufion,  malleability,  &c.  with 
‘  ‘  excellent  accounts  of  falts,  and  aquas  fortes. 
“  Several  of  his  experiments  are  verified  by 
“  prefent  practice,  and  have  pafled  for  mo- 
“  dern  difeoveries  :  the  exadtnefs  of  his  0- 
“  perations  is  really  furprizing,  except  per- 
“  haps  in  whai  relates  to  the  philofopherV 
‘‘  fione.y 


cfced  to  relate  the  progrefs  thereof ;  and  who 
the  principal  authors  were  that  contributed  to 
its  advancement,  as  well  as  thofe  who  cor¬ 
rupted  it :  at  the  fame  time  noting  their  fe- 
veral  writings,  the  belt  editions,  and  the  or¬ 
der  wherein  they  are  to  be  read. 

And  here  we  judge  it  proper  to  diftinguifh 
the  chemilts  into  three  claffes  ;  either  as  they 
treat  of  metals,  of  alchemy,  or  medicine. 

(i)  See  his  treatife  on  the  power  of  the 
heart. 

(h)  Account  of  Geber. 

1.  “  This  author  appears  to  have  been  the 
“  firll  great  reformer  and  improver  of  che- 
“  miftry.  His  hiftory  is  very  obfeure  :  the 
“  name  Geber  fignifies  a  great  man,  and  a 
“  king ;  whence  lie  is  commonly  fuppofed  to 
“  have  been  a  prince ;  and  as  he  wrote  in 
“  Arabic,  a  prince  of  Arabia.  But  neither 
“  the  perfon  nor  the  time  he  lived  in,  is 
*'  known  with  any  tolerable  certainty. 

2.  “  He  is  fuppofed  to  have  given  the  frit 
“  handle  to  an  enquiry  after  an  univerfal 
“  medicine ;  there  being  fome  txprellions  in 
“  his  book,  which  might  eaiily  enough  lead  an 
“  unwary  reader  to  think  he  was  acquainted 
“therewith.  As,  Gold  thus  prepared  cures  le- 
*  pro's,  cures  all  difeafes,  &C.  But  We  are 
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Latin  by  feveral  hands,  and  publifhed  by  Golius  (/).  The  chief  of  his  pieces 
were  thefe : 

1 .  Be  alchemia ,  vel  chmia  \  aut  de  invejligatione  perfeftionis  metallorum : 
that  is,  of  alchemy,  of  chemiftry  ;  or  of  difcovering  the  perfection  of  metals. 

2.  Be  fumma  perfect  lone  metallorum:  that  is,  of  the  higheft  perfection  of 
metals. 

3.  Be  claritate  alchimi re:  that  is,  of  the  excellence  of  alchemy. 

4.  Be  Lapide  philofophico  :  that  is,  of  the  philofopher’s-ftone. 

5.  Be  tejlamento :  that  is,  of  the  teftament:. 

6.  Be  epitaphio :  that  is,  of  the  epitaph. 

7.  Be  invenie?idd  arte  auri  &  argenti:  that  is,  of  finding  the  art  of  mak¬ 
ing  gold  and  filver  ( m ).  1182. 

22.  (2)  Morienus ,  a  Foman^  who  lived  as  a  hermit  at  Jerufalem ,  wrote  Morienus. 
very  foberly  on  this  fecret,  and  is  rank’d  amongft  the  pureft  authors  extant : 

his  works  were  tranflated  out  of  Arabic  into  Latin ,  and  publifh’d  in  the  year 
1182,  on  the  eleventh  day  of  February  ( n ).  ,  200, 

2 3.  (3J  Albertus  Boljladius ,  firnamed  Grotus ,  or  Magnus  (0),  a.  German ,  born  Alberts 

E  2  at  MaSnus- 


(/)  Vid.  Leo.  Afr.  L.  III.  p.  136.  Gonring. 
Herm.  Med.  369,  372,  373. 

His  Writings. 

( m )  To  which  may  be  added,  1.  Geberi 
fuper  artem  Alchymin  Libri  vi.  or  Geber' s  fix 
books  on  the  art  of  alchemy  ;  extant  in  MS. 
Membr .  4 to.  in  the  Bodleyan  library  ;  part  of 
the  donation  of  Elias  AJhmole  Efq; 

2.  De  Alchimia  Libri  iii.  that  is,  three 
books  on  alchemy,  publilh’d  Argent.  1529. 
folio. 

3.  Geberis  fumma  perfeBionis  magiferii  in 
fua  natura  :  that  is,  the  height  of  perfection 
of  the  magiltery,  in  its  own  nature  :  very  incor¬ 
rectly  printed  from  a  correCt  copy  in  the  Va¬ 
tican  library,  with  the  addition  of  fome  chap¬ 
ters,  vefiels,  and  furnaces,  omitted  in  the  o- 
ther  ;  befides  Geber  s  books  of  the  inveftiga- 
tion  of  the  magiltery,  of  the  teftament,  the 
golden  book,  trium  verborum ,  and  Avicenna 
on  minerals.  Venet.  1542.  8vo.  ap.Petr.  Schaef¬ 
fer.  c.  Fig. — Norib.  1545.410.  c.Fig. — Arg. 

1598.  8vo. 

4.  Chymia ,  feu  traditio  fummes  perfeciionis, 
&  inveftigatio  magiferii :  that  is,  chemiftry, 
or  the  tradition  of  the  higheft  perfection,  and 
the  inveftigation  of  the  magiltery ;  corrected 
in  innumerable  places  by  Cafp.  Hcrnius  :  to 
which  is  added,  the  fame  author’s  Medulla 
Alcbbnice  Gebrite.  The  whole  publilhed  by 
G.  Hjrnius.  Lug.  Bat.  1668.  1  2mo. 

The  works  of  Geber  are  alfo  publilhed  in 
Englijh,  by  Richard  Ruffel.  London  1686.  8vo. 

Avicenna’s  Chemical  Writitigs. 

In  the  next  place  might  come  Avicenna , 
who  lived  in  the  eleventh  century  j  and  who, 
as  his  follower  Soranus  informs  us,  wrote  a 


book  on  alchemy  ;  but  there  are  more  che¬ 
mical  pieces  that  go  under  his  name,  viz. 

1.  Abohali ,  i.  e.  Avicennee  liber  de  rebus 
alchymicis  ;  i.  e.  Abohali' s,  or  Avicenna's  book 
on  the  fubjeCt  of  alchemy  ;  extant  in  MS.  in 
the  Bodleyan  library,  given  by  Sir  Kenelnt 
Digby  ;  befides  another  copy  given  by  Elias 
AJksnole  Efq; 

2.  Era  Status  de  tinBura  tnetallorum.  A 
treatife  of  the  tinCture  of  metals ;  publilh’d  at 
Frankfort  1550.  4to. 

3 .  Chemicus  liber ,  porta  elementorum  diBus : 
Chemical  book,  called  the  gate  of  the  ele¬ 
ments.  Bafil.  1572.  8vo. 

4.  Miner  alia,  feu  de  congelatione  &  con- 
glutinatione  lapidum  :  that  is,  minerals,  or  on 
the  congelation  and  conglutination  of  ftones. 
Publilh’d  with  Geber  s  Sumtna  perfeBionis  ma¬ 
giferii  in  fua  natura,  and  other  pieces  on  the 
fame  fubjeCt.  Venet.  1542.  8vo.  Alfo  in  the 
Theatr.  Chym.  T.  IV.  p.  986:  and  in  Man- 
get's,  Bibl.  Chym.  T.  1.  p.  636, 

Morienus’j  Writings. 

(n)  Add  to  this,  1.  Liber  de  compofitione 
alchemice ;  or,  a  book  on  the  compofition  of 
alchemy.  Extant  in  Manget' s  Bibl.  Cbym. 
T.  1.  p.  509. 

2  Liber  de  difinBione  mercurii  aquarum  : 
or  a  book  on  the  diftinCtion  of  the  mercury  of 
waters ;  found  in  MS.  in  the  Bodleyan  library  ; 
given  by  El.  Afhmole  Efq; 

Account  of  Albertus  Magnus,  and  his 
vjritings. 

(0)  Albertus  Magnus,  now  known  by  up¬ 
wards  of  20  volumes  in  folio,  is  faid  to  have 
been  firft  diftinguilh’d  by  his  dulnefs  and  ftu- 
pidity  ;  infomuch  that  he  became  the  com¬ 
mon 
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at  Lavinghen  in  Suabia  about  1200,  in  1259  preferred  to  the  bifliopric  of 
Ratijbon ,  and  died  in  1280:  He  wrote, 

1.  De  mineralibus  :  or,  a  Book  of  minerals  (p). 

2.  Lilium  fioris  de  fpinis  avulfum :  that  is,  the  lilly  of  the  flower  pluck’d 
from  the  prickles. 

3.  Speculum  alchemic  de  compofitione  lapidis ,  &c.  that  is,  the  mirror  of  al¬ 
chemy,  concerning  the  compofition  of  the  ftone  (q). 

24.  (4)  Roger  Bacon ,  an  Englijhman ,  a  monk  of  Wejlminjler ,  but  relidrng 
at  Oxford ,  where  he  flourifhed  about  the  year  1226  ;  excelled  in  alchemy, 
chemiftry,  natural  magic,  mechanics,  metaphyfics,  phyfics,  and  mathe¬ 
matics;  He  died  at  Oxford  in  1284,  and  was  buried  there  among  the  Fran- 
cifcans  (r ).  Such  of  his  works  as  have  been  handed  down  to  us,  are  gene- 


mon  jeft  of  his  fellow-ftudents.  At  length 
quite  tired  out,  he  refolved  to  fcale  the  walls 
of  the  convent,  and  run  away.  In  this  at¬ 
tempt,  the  blefled  Virgin  appear’d  to  him  on 
the  wall,  and  there  gave  him  that underftand- 
ing  and  ability,  which  have  fince  render’d 
him  fo  famous.  He  was  a  Dominican  friar, 
and  doCtor  of  Paris  ;  flourifh’d  in  1236,  and 
taught  at  Cologne ,  where  he  had  Thomas  A- 
quinas  for  his  pupil.  He  retired  from  his  bi- 
fhopric  to  his  monaftery  at  Cologne  in  1263, 
and  died  in  1280,  aged  feventy- five.  Father 
L'Abbe  fays,  in  his  eloge,  that  he  wrote  fixty 
volumes,  moll  of  them  ftill  extant,  many  in 
print,  the  reft  in  MS.  Petr.  Jammy  has  pub- 
lilh’d  an  edition  of  his  works,  but  not  all,  in 
jwenty-one  volumes,  fol.  Lugdun.  1651.  The 
lift  of  titles  in  each  volume  is  given  by  Fa¬ 
ir  ictus,  p.  1 13,  tAc.  He  was  accufed  of  ma¬ 
gic,  but  is  defended  by  Trithemius ,  Miran- 
dula,  Naude ,  and  others.  By  a  general  cor- 
refpondence  with  the  miners  throughout  Ger¬ 
many,  he  acquired  uncommon  {kill  in  metal¬ 
lurgy.  The  feaft  of  the  beatified  Albertus  is 
celebrated  in  the  churches  of  Rati  short  and 
Cologne. 

(p)  De  mineralibus  IA  rebus  metallicis,  Lib.v. 
Oppenkemii,  1518.  4W.  that  is,  of  minerals 
and  metallic  matters,  five  books,  (Ac.  cor¬ 
rected  and  republilhed  by  Gualth.  Herm.  Ar¬ 
gent.  1541.  8vo.  And  again  in  the  Theatr. 
Chym.  T.  II.  p-  139.  There  is  alfo  a  fmall 
piece  of  his  upon  alchemy,  entitled,  Alchy- 
mia  libellus  ;  printed  at  Bafil  in  1516. 

(j)  See  Borell.  Biblioth.  Chym.  p.  5. 

Next  after  Albertus  might  come  Thomas  de 
Aquina ,  a  Dominican,  born,  of  the  noble  fa¬ 
mily  of  the  counts  of  Aquinas,  in  1234.  He 
died  in  his  journey  to  the  fecond  council  of 
Lyons,  whither  he  had  been  fummon’d  by 
Pope  Urban  IV,  in  the  monaftery  of  Fofia 
Non: a,  not  far  from  Terracina,  in  1  274.  His 
chemical  writings  are. 


*  rally 

1.  Secreta  alchemim  magnalia,  de  corporibus 
fiupercaelefiibus ,  (A  quod  in  rebus  infierioribus 
imveniantur,  quoque  modo  extrahantur  :  or  ca¬ 
pital  fecrets  of  alchemy,  concerning  the  fuper- 
celeftial  bodies ;  and  to  {hew  that  they  are 
found  in  fublunary  bodies,  and  how  they  may 
be  extracted  from  the  fame. 

2.  De  lapide  miner ali,  animal i,  (A  plantali  ; 
or,  of  the  mineral,  animal,  and  vegetable 
ftone. 

3.  Thefaurus  alchemize  fecretijfimus ,  quern 
dedit  firatri  fuo  Reinaldo  :  or,  the  moft  fecret 
treafure  of  alchemy,  given  to  his  brother  Rei- 
nald. — To  which  are  added  Johan,  de  Rupe- 
ficijfia's,  book  of  light ;  and  Raym.  Lully's  Cla - 
vi ciila  &  Apertorium,  publifti’d  by  Dan.  Bran - 
chujius ,  with  a  preface  by  Job.  Heuraius.  Lug . 
Bat.  1598.  Svo.  And  in  the  Theat.  Chym. 
T.  III.  p.277. 

4.  Liber  lilii  benediSIi  :  or,  a  book  of  the 
blefled  lilly.  Extant  in  Theatr.  Chym.  T.  IV. 
p.  1082. 

5 .  Aurora,  fi<ve  aurea  bora :  the  dawn,  or 
the  golden  hour. 

6.  Comment arium  fiuper  turbam  phi lofopho  • 
rum  bre-viorem,  ut  dicitur :  or,  a  commentary 
on  the  Ihorter  turba  philo fophorum .  Extant  in 
the  fecond  decad  of  the  Harmon,  chym.  philo- 
fophica,  collected  by  Jofi.  Rhenanus.  Francof. 

1625.  Svo. 

Account  of  Friar  Bacon.  - 

(r)  “  1 .  He  was  beyond  all  comparifon  the 
“  greateft  man  of  his  time  ;  and  might  per- 
“  haps  ftand  in  competition  with  the  greateft 
“  that  have  appear’d  fince.  ’Tis  wonderful, 
“  confidering  the  ignorant  age  wherein  he 
“  lived,  how  he  came  by  fuch  a  depth  of 
“  knowledge  on  all  fubjeCts.  His  writings  are 
‘‘  compofed  with  that  elegancy,  concifenefs, 
“  and  ftrength,  and  abound  with  fuch  juft  and 
“  exquifite  obfervations  on  nature,  that,  a- 
“  mong  all  the  chemifts,  we  don’t  know  his 
“  equal, 

“  2. 
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rally  written  in  a  clear,  eafy  ftyle,  without  circumlocutions.  We  have  the 
following  pieces  of  his  writing. 

“2.  He  writ  many  treatifes,  fome  of  which 
“  are  loft,  or  lock’d  up  in  private  libraries. 

“  What  relate  to  chemiftry,  ate  chiefly  two 
“  fmall  pieces  wrote  at  Oxford ,  which  are 
“  now  in,  print,  and  the  manufcripts  to  be 
“  feen  in  the  public  library  of  Leyden  ;  having 
“  been  carried  thither  among  Vojfius' s  manu- 
“  fcripts  from  England.  In  thefe  he  attempts 
“  to  fhew  how  imperfeft  metals  may  be  ri- 
<e  pen’d  into  perfedt  ones.  He  adopts  Geber  s 
“  notion,  that  mercury  is  the  common  bafts 
“  of  all  metals,  and  fulphur  the  cement ;  and 
“  fhews,  that  it  is  by  a  gradual  depuration  of 
“  the  mercurial  matter,  and  the  acceflion  of  a 
**  fubtile  fulphur,  that  nature  produces  gold  ; 

“  and  that  if,  during  the  procefs,  any  other 
"  third  matter  happens  to  intervene,  befide 
“  the  mercury  and  fulphur,  fome  other  bafer 
**  metal  will  arife :  fo  that  if  we  could  but 
“  imitate  nature’s  method,  we  might  change 
il  other  metals  into  gold. 

“  3.  Having  compared  feveral  of  Friar 

Bacon's  operations  with  the  modern  experi- 
“  ments  of  M.  Homberg,  made  by  direction 
w  of  that  curious  prince,  the  duke  of  Orleans  ; 

“  we  judge  that  Bacon  has  defcrib’d  fome  of 
“  the  very  things  which  Homberg  publifhes  as 
**  new  difcoveries.  Thus,  for  inftance.  Bacon 
■**  teaches  expreffly,  that  if  a  pure  fulphur  be 
“  united  with  mercury,  it  will  produce  gold : 

“  on  which  very  principle  M  Homberg  has 
“  made  many  experiments  for  the  produdtion 
“  of  gold,  deicribed  in  the  Memoires  de  l'  Aca- 
t(  dem .  Royale  des  Sciences  *. 

“  4.  His  other  phyfical  writings  fhew  no 
“  Iefs  genius  and  force  of  mind.  In  his  trea- 
“  tife,  of  the  fecret  works  of  art  and  nature , 

“  he  {hews,  that  a  perfon,  who  was  perfectly 

*  I .  M.  Homberg,  in  his  Effai  du  foufre  principe,  gives  us  two  experiments;  the  firft  with 
mercury,  which  upon  being  expofed  to  a  digefting  heat,  ceafes  to  be  fluid,  becomes  a  powder 
heavier  than  mercury,  and  at  length  acquires  fuch  a  fixednefs,  as  to  be  capable  of  remaining 
red-hot  for  twenty-four  hours,  without  lofs ;  tho’  upon  applying  a  naked  fire,  the  greateft 
part  flies  oft'  in  fume,  leaving  a  piece  of  hard  metal,  form’d  of  the  mercury,  behind.  The  o- 
ther  experiment  is  with  regulus  of  antimony,  which,  upon  being  expofed  to  the  duke  of  Or¬ 
leans's  great  burning-glafs  to  calcine,  gain’d  part  in  weight.  From  thefe  experiments  he 
concludes,  that  light  may  be  introduced  into  -porous  bodies,  may  there  fx,  and  increafe  both  their 
weight  and  bulk-,  and  that  the  light  thus  retain' din  mercury,  becomes  infeparable  therefor  m  in  the 
mojl  vehement  fire  }  and,  even  changes  the  form  of  the  mercury  into  a  malleable  ductile  metal ,  hea¬ 
vier  than'-any.  other  metal,'  except  gold.  Mem.  del’Acad.  An.  1705. 

2.  In  another  place  the  fame  author  argues,  that  gold  confifls  principally  of  two  hinds  of 
matter ,  viz '. -  mercury  or  quickfilver,  and  a  metallic  fulphur ;  the  latter,  according  to  him,  being 
no  other  than  light ;  either  of  vjbich  taken  apart,  evaporates  with  the  leaf  heat ;  but  when  join'd 
together  into  a  metal,  after  the  manner  juft  mention'd,  they  lofe  their  volatility,  and  become  fo 
fixed,  that  the  mojl  intenfe  fire  of  our  laboratories  cannot  feparate  them.  Mem.  de  I’ Acad. 
An.  1707. 


I. 

*c  acquainted  with  the  manner  which  nature 
“  obferves  in  her  operations,  would  not  only 
“  be  able  to  rival,  but  furpafs  her.  In  an- 
“  other  piece,  of  the  nullity  of  magic,  he  fhews, 
“  with  great  fagacity  and  penetration,  whence 
“  the  notion  fprung,  and  how  weak  ail  pre- 
“  tenfions  to  it  are.  Admiration,  the  parent 
“  of  magic,  is  the  offspring  of  ignorance,  be- 
“  got  upon  a  vitiated  imagination  :  when 
“  weak  minds  perceive  an  effedl,  whofe  caufe 
“  is  hid  far  in  the  dark,  they  prefently  have 
“  recourfe  to  a  daemon  to  folve  the  difficulty  t 
“  for  they  fancy,  it  muff  be  the  eftefl  of  ma- 
“  gical  art,  or  the  intervention  of  fome  fu- 
“  pernatural  power.  This  popular  refuge  of 
“  ignorance  the  judicious  author  defervedly 
“  confutes,  and  fhews  there  is  no  fuch  thing 
*'  as  magic ;  unlefs  by  that  word  be  meant  a 
“  knowledge  of  the  properties  of  bodies,  and 
“  the  methods  of  nature  ;  by  a  dextrous  ap- 
“  plication  whereof  many  things  may  be  pro- 
“  duced  more  furprizing  than  all  the  pre- 
“  tended  magic  has  ever  effected. 

“  5.  Such  was  the  fcope  and  tendency  of 
“  his  writings.  What  reward  he  met  with 
“  is  abominable  to  fay  :  the  man  who  had 
“  thus  overthrown  the  idle  pretenftons  of  the 
“  believers  in  magic,  was  himfelf  branded  for 
“a  magician,  excommunicated,  and  impri- 
“  foned. 

“  6.  His  works  are  printed  in  8vo  and 
“  i2mo;  under  the  title  of,  Frater  Rogerius 
“  Baco  de  fecretis  artis  &  natures,  and  in  folio 
“  at  London.  From  a  repeated  perufal  of 
“  them,  we  find  our  friar  was  no  ftranger  to 
“  many  of  the  capital  difcoveries  of  the  pre* 
“  fent  and  paft  ages. 

“  7.  Gun. -powder  he  certainly  knew:  thun- 
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1.  Speculum  alchemic  or  the  mirror  of  alchemy  (s)  •,  and  another  different 
from  the  printed  one,  which  is  preferved  in  MS.  in  the  library  of  Leyden. 

2.  Fhefaurum  chemicum  *,  or,  thetreafure  of  chemiftry. 

3.  De  fecretis  art  is,  atque  nature  operibus-,  or,  of  the  fecret  works  of 
nature  and  art. 

4.  De  militate  magi a  \  or,  of  the  nullity  of  magic  (/). 

5.  Script  a  de  arte  chemise  ;  or,  writings  on  the  art  of  chemiftry ;  publifh’dat 
Frankfort  in  120.  1603.  («)  wherein  (-v)  we  find  many  elegant  difeoveries  in 

mechanics. 


«*  der  and  lightning,  he  tells  us,  may  be  pro- 
“  duced  by  art  j  for  that  fulphur,  nitre,  and 
“  charcoal,  which,  when  feparate,  have  no 
“  fenfible  effeCt,  yet  when  mixed  together  in 
“  a  due  proportion,  and  clofely  confin’d  and 
“  fired,  they  yield  a  loud  report.  A  more 
“  precife  defeription  of  gun-powder  cannot 
“  be  given  in  words  :  and  yet  a  Jefuit,  Bar- 
“  that.  Schwartz,  fome  ages  after,  has  had 
“  the  glory  of  the  difeovery#  He  likewife 
“  mentions  a  fort  of  inextinguifhable  fire,  pre- 
“  pared  by  art:  which  fhews  he  was  not  un- 
“  acquainted  with  phofphorus.  And  that  he 
“  had  a  notion  of  the  rarifaftion  of  the  air, 
Jf<  and  the  ftru&ure  of  an  air-pump,  is  pail 

contradiction.” 

See  farther  concerning  the  life  and  writings 
of  this  extraordinary  perfon,  Wood* s  Athen. 
Oxon.  p.  136,  &c.  Wadding,  in  Anna!  Ord. 
Minor,  ad  Ann.  1266.  and  1278.  Leland ■  de 
Scriptor.  c.  236,  Boyle's  Bidl.  Fabric.  Bib- 
Both.  Med.  Lat.  1.  2.  p.  430,  &c. 


(s)  Extant  in  GrataroluP s  collection  of 
writers  de  vera  alchemia.  Bafil.  fol.  A.  B. 
1561 . 

(/)  Extant  in  the  Fheatr.  Chym.  T.  IT. 
p.  433.  and  in  Manget.  Biblioth.  Chym.  T.  I. 
p.  613,  and  616. 

( u )  To  thefe  are  tack’d  feveral  pieces  of 
the  fame  author,  viz. 

Breviarium  de  dono  dei. 

Verbum  abbreviatum  de  leone  viridi  ;  and 
Secret um  fecretorum  nature,  de  laude  lapi- 
dis  philofophorum. 

( x )  This  character  feems  rather  to  belong  to 
the  Speculum  fecretorum  of  Friar  Bacon,  or  his 
mirror  of  fecrets ;  printed  at  Frankfort ,  in 
l  2mo,  by  J .  F.  Schoeuwetter,  An.  1603. 

We  think  proper  here  to  fubjoin  a  cata¬ 
logue  of  this  great  man’s  writings,  fo  far  as 
they  are  come  to  our  knowledge ;  having 
fome  reafon  to  fufpeCt  that  feveral  of  his  works 
are  ltill  unpublilh’d. 


A  Catalogue  of  Friar  Bacon’s  Writings. 


1.  Fraciatus  duo  de  chemia. 

2.  Speculum  alchemice. 

3.  Fhefaurum  chymicum. 

4.  Be  fecretis  artis  atque  natures  operibus, 
iif  de  nullitate  magics. 

5.  Specula  mathematica. 

6.  Medulla  alchemic? ,  in  8vo.  An.  1608. 

7.  Be  arte  chemia  feripta. 

8.  Brenjiarlum  de  dono  dei. 

9.  Verbum  abbreviatum  de  leone  viridi. 

10.  Secretum  fecretorum  natures,  de  laude 
lapidis  philofophorum. 

1 1 .  Fratlatus  trium  verborum. 

12.  Fpiflola  de  modo  snijeendi. 

1 3 .  Epifola  fecretijfma  de  ponder ibus. 

14.  Speculum  fecretorum. 

15.  Opus  majus,  ad  Clem.  IV. 

16.  Fog.  Baconis  epifolce  de  fecretis  operibus 
artis  £jf  natura,  iff  de  nullitate  magics.  Opera 
Job.  Bee  Londin.  e  pluribus  exemplaribus  cafti- 
gata  olim,  &  ad  fenfum  integrum  refit  uta.  Nunc 
veto  a  quo  dam  veritatis  amatore  in  gra- 

tiam 


1.  Two  treatifes  of  chemiftry. 

2.  Mirror  of  alchemy. 

3.  Chemical  treafure. 

4.  Of  the  fecret  works  of  art  and  nature, 
and  the  non-entity  of  magic. 

5. -  Mathematical  mirrors. 

6.  Marrow  of  alchemy. 

7.  Writings  upon  the  art  of  chemiftry. 

8.  Breviary  of  God’s  gift. 

9.  A  word  of  the  green  lion. 

10.  Secret  of  rature’s  fecrets  ;  in  praife  of 
the  philofopher’s  ftone. 

11.  Treatife  of  three  words. 

12.  Epiftle  of  the  manner  of  mixing. 

13.  A  fecret  epiftle  of  weights. 

14.  Mirror  of  fecrets. 

15.  Great  work,  addrefled  to  Pope  Cle¬ 
ment  IV.  found  in  the  library  of  Bublin ,  and 
lately  publifh’d  by  Dr.  Jebb,  in  folio. 

16.  Roger  Bacon's  epiftles  on  the  fecret 
works  of  art  and  nature,  and  the  non-exiftence 
of  magic,  by  John  Bee  of  London  ;  formerly 
compared  with  numerous  copies,  and  reftored 
to  the  true  fenfe,  and  now  publilh’d  by  a 

lover 
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mechanics,  natural  magic,  and  other  arts  which  have  been  falfely  attributed  to 
later  authors ;  and  were  no  lefs  falfely  charged  on  him  as  the  effedt  of  magic 
and  herefy  (y). 

2 5.  (5)  George  Ripley,  likewife  an  Englijhman,  and  Canon  of  Bridlington, 
flourifhed  much  about  the  fame  time  (z).  He  wrote, 

1.  Duodecim port#  :  or,  the  twelve  gates  (a). 

2.  Medulla  chimica  :  or,  the  marrow  of  chemiftry. 

3.  Apiece  on  alchemy  compos’d  in  Englifh  verfe,  and  now  prelerv’d  in 
MS.  in  the  library  of  Leyden.  His  works  were  published  together  at  Cajfel , 
in  8°.  1649  (*)• 

See  alfo  de  mercurio  pbilofophorum  ;  or,  apiece  on  the  mercury  of  the  phi- 
lofophers  ;  and  c ommentar turn Hermefii philo fophi,  nowin  MS.  in  the  library  of 
Leyden. 

26.  (6)  Arnoldus  de  Villa  nova  lived  in  the  thirteenth  century(r,)  and  wrote, 
1.  Rofarium.  The  Rofary. 

2. 


.  1 477* 
Ripley, 


1300. 

Arnoldus  de 
Villa  Nova. 


tram  verce  fci entire  emiffa ,  ciun  notis  quibuf- 
dam,  parti m  ipjius  Job.  Dee ,  partim  edentis. 
Cum  refponfionead fratres  Rofacece  crucis  illujires. 
Hamb.  16 1 8.  8vo. 


lover  of  the  truth,  for  the  improvement  of 
real  knowledge  ;  with  notes,  partly  by  the 
faid  ‘John  Dee,  and  partly  by  the  editor;  and 
an  anfwer  to  the  illuftrious  brothers  of  the 
Rofycrucian  order.  Hamburgh  1618.  8vo. 


(y)  See  Borricb.  de  Ort.  Chem.  p.  122. 
and  Bor  ell.  Bibl.  Chym .  p.  37. 

Account  of  Ripley. 

(z)  “  This  author  lived  in  the  reign  of 
“  Ed-zvard  IV,  to  whom,  an.  1577,  he  de- 
“  dicated  his  book,  entitled,  The  twelve  gates. 
“  His  writings  are  all  very  good  in  their 
“  kind,  being  wrote  in  Bacon's  manner,  only 
“  more  allegorical.  As  he  was  no  phyfician, 
“  he  does  not  meddle  with  any  thing  of  the 
“  preparations  of  that  kind  ;  but  treats  much 
<c  of  the  cure  of  metals,  which,  in  his  lan- 
“  guage?  is  the  purification  and  maturation 
"  thereof.  He  purfued  Geber's  and  Bacon's 
“  principles  very  religioufiy;  and  maintain’d, 
“  for  initance,  with  new  evidence,  that  mer- 
u  cury  is  the  univerfal  matter  of  all  metals ; 
“  that  this,  expofed  to  the  fire  with  the  pureft 
“  fulphur,  will  become  gold ;  but  that  if  ei- 
“  ther  of  them  be  feck  or  leprous,  that  is,  in- 
“  fefted  with  any  impurity,  inftead  of  gold, 
“  fome  other  metal  will  be  produced.  He 
“  adds,  that  as  mercury  and  fulphur  are  fuf- 
“  ficient  for  the  making  of  all  metals  ;  fo 
“  of  thefe  may  an  univerfal  medicine,  or  uni- 
“  verfal  metal,  be  produced,  for  curing  of  all 
“  the  fick  ;  which  fome  have  inadvertently 
“  underftood  of  an  univerfal  medicine,  effica- 
“  cious  in  all  difeafes.”  ’Tis  faid,  that  Rip¬ 
ley  fent  an  hundred  thoufand  pounds,  for  fe- 
veral  years  fucceffively,  to  the  knights  of 
Rhodes,  to  enable  them  to  defend  themfelves 
againft  the  Turks  *. 


(a)  Duodecim  port ce  axiomatum  in  philofeoph  • 
or,  twelve  gates  of  philofophical  axioms. 

(b)  To  which  may  be  added, 

1.  Papilla  oculi,  the  pupil  of  the  eye,  with 
a  preface  ;  prefer ved  in  MS.  in  the  Bodleyan 
library,  given  by  Elias  AJhmole  Efq; 

2 .  De  regimine  ignium  pbilofophorum  IA  qui - 
bufdam  probatijfemis  experimentis  ;  viz.  of  the 
management  of  the  fires  of  the  philofophers, 
together  with  fome  approved  experiments ; 
found  in  MS.  in  the  Bodleyan  library,  part  of 
the  donation  of  the  fame  perfon. 

For  a  farther  account  of  this  author’s  wri¬ 
tings,  fee  Fabric.  1.  7.  p.  JO4. 

Account  of  Arnoldus  de  Villa  Nova. 

(c)  This  author  was  a  Frenchman,  and  de¬ 
nominated  Arnaud  de  Ville  Neuve,  from  V ills 
Neuve,  the  place  of  his  nativity.  He  was 
a  celebrated  philofopher,  phyfician,  and  che- 
mift ;  and  thought  to  be  deeply  {kill'd  in  al¬ 
chemy.  Van  Helmont,  a  great  admirer  of 
Arnaud,  attributes  to  him  the  firft  introducing 
of  chemiftry  into  medicine.  He  was  fent  by 
Frederick,  king  of  Sicily,  to  cure  Pope  Cle¬ 
ment  V  ;  but  being  Ihipwreck’d  in  the  voyage, 
died  in  1313,  and  was  buried  at  Genoa.  The 
Spaniards  maintain  he  was  a  Catalan  ;  ’tis  cer¬ 
tain  he  praflifed  phyfic  at  Barcelona,  whence 
he  acquir’d  the  firname  Catalanus.  Pie  was 
fufpected  of  magic.  But  for  his  fate  and 
writings,  fee  Nichol.  Anton.  Bib/ioth.  I  et.Hife 
pan.  L.  IX.  c.  1 .  T.II-  p.  74,  fisTf.  and  Fabric. 
Bill.  Med.  Latin.  1.  X.  p.  3i8' 


*  See  Nouv.  de  la  Repub,  des  Let,  1708.  p.  199. 
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2.  Tejl  amen  turn  novum  prafticum.  A  new  praftical  teftament, 

3.  D?  Alchemia.  On  alchemy.  And 

4.  Semita  S  emit  arum .  The  path  of  paths. 

To  thefe  may  be  added, 

1 .  Rofa  novella.  The  new  Rofe.’’ 

2.  Epijlola  ad  papam  Pium.  An  Epiftle  to  Pope  Pius. 

3.  Novus  fplendor ,  vel  lumen.  A  new  light,  or  brightnefs. 

4.  Flos  fiorum.  The  flower  of  flowers. 

5.  De  furno  philofophico.  On  the  philofophical  furnace. 

6.  Defecretis  natures.  Of  the  fecrets  of  nature. 

7.  De  nova  compofitione  lapidis  vita  philofophorum.  Of  a  new  compofltion 
of  the  ftone  of  life  of  the  philofophers. 

8.  De  principiis  naturalibus ,  ad  Clement em  papam.  Of  natural  principles 
to  Pope  Clement. 

9.  Opus  in  arte  major e.  A  work  on  the  grand  art:  which  pieces  are  all 

in  MS.  in  the  library  of  Leyden  (d). 

27.  (7)  Raymund  Lully ,  a  Spaniard ,  born  at  Barcelona  (e)  in  the  year  1235, 
a  difciple  of  Arnoldus  de  Villa  nova ,  died  in  Africa  in  1315.  He  was  one  of 

the 


His  'writings. 

(d)  Befides  thefe  we  have  of  his  writings, 
10-  Speculum  alchemits,  quo  art  is  chimicee  my- 
Jieria,  etiam  fecretifjinia ,  luculenter  enoaantur 
&  explicantur.  The  mirror  of  alchemy, 
wherein  the  moll  fecret  mylteries  of  the  che¬ 
mical  art,  are  clearly  unfolded  :  firft  publifh’d 
by  Jer.  Megiferus.  Francof.  1602-  8vo.  After¬ 
wards,  together  with  his  other  chemical  wri¬ 
tings,  by  the  fame  editor.  Francof.  1603.  8vo. 

1 1 .  Opera,  una  cum  ipfius  wit d,  a  Symphor. 
Campegio  deferipta  ;  ac  trad  at  us  de  lapide  phi- 
lofophorum.  His  works,  together  with  his  life, 
written  by  Symphor.  Campegius ;  to  which  is 
added,  a  traCt  on  the  philofopher’s-itone.  Lugd. 
1530.  8vo. 

12.  Opera,  cum  Nic.  Tawjcelli  annotationi- 
b.us.  Works,  with  the  annotations  of  Nic. 
’Laixcellus.  Baf.  1585.  folio. 

13.  Thefaurus  thefaurorum.  The  treafure 
of  treafures,  preferred  in  MS.  in  the  Bodleyan 
library,  part  of  the  donation  of  El.  AJhmole 
Efq; 

14.  Frad.  de  folutione  duhiorum  in  alchemia. 
Or,  of  the  folqtion  of  doubts  in  alchemy  : 
in  MS.  extant  in  the  fame  library,  given  by 
Sir  Kenchn  Digby. 

Account  of  Raymond  Lully. 

(i?)  “  1.  This  author  is  faid  by  others  to 
“  have  been  born  in  Majorca,  and  by  fome 
“  in  Minorca ,  but  fprung  from  the  noble  fa- 
“  mily  of  the  Lullies  in  Barcelona.  His  co- 
ei  temporaries  fpeak  of  him  as  a  perfon  emi- 
“  nently  verfed  in  the  peripatetic  learning  ; 
Cl  which  indeed  appears  from  feveral  of  his 

Writings.  He  had  the  addrefs  to  introduce 


“  a  new  kind  of  tranfcendental  art,  called  from 
“  him,  the  Lullian  art  ;  by  virtue  whereof  a 
“  man  might  difpute  whole  days  upon  any 
“  topic  in  nature,  without  underftanding  any 
“  thing  of  the  matter.  The  drift  of  this  doc- 
“  trine  was  to  difpofe  the  feveral  forts  of  be- 
“  ings  into  divers  climax’s,  or  feales,  to  be 
“  run  down  in  a  defeending  progrefiion.  Thus, 
“  whatever  was  propofed  to  be  talk’d  on, 
“  they  would  fay,  firlt  it  is  a  being  ;  and  con- 
‘‘  fequently,  one  ;  true  ;  good ;  then,  every 
t(  being  is  either  created ,  or  uncreated :  and 
“  every  created  being  is  either  body,  or  fpirit, 
“  Sec.  But,  at  length,  perceiving  the  vanity 
“  of  his  own  art,  he  quitted  this  barren  fu- 
“  perfluity  of  words,  and  went  over  to  the- 
“  other  extreme. 

“  2.  Upon  applying  himfelf  to  chemi- 
“  ftry,  he  foon  began  to  preach  another 
“  fort  of  doftrine ;  for  fpeaking  of  that  art, 
“  he  fays  it  is  only  to  be  acquired  by  experi- 
“  ment,  and  cannot  be  conveyed  totheunder- 
“  Handing  by  idle  words  and  founds. 

“  3.  Lully ,  befides  what  he  did  in  the  fcho- 
“  laltic  way,  writ  feveral  volumes  after  chang- 
“  ing  his  manner  of  fiudy  :  ’tis  difficnlt  to  fay 
“  how  many  ;  for  it  was  a  common  pradlice 
“  with  his  followers  to  publilh  their  perfor- 
<c  mances  under  their  mailer’s  name.  His 
“  later  works  are,  beyond  all  expectation, 
“  excellent ;  fo  that  it  may  be  doubted,  whe- 
“  thcr  they  were  the  production  of  that  age. 
“  So  full  are  they  of  the  experiments  and  ob- 
“  fervations  which  occur  in  our  later  writers, 
<c  that  either  the  books  mult  be  luppofititious, 
“  or  {.he  anciqnt  chemiits  mult  have  been  ac- 

“  quainted 
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the  firft  who  in  his  Treatife  entitled  de  quinta  efjentia ,  wrote  of  an  uHiverfal 
remedy  for  all  difeafes  of  the  body,  and  of  the  philofopher’s  ftone :  his  chief 
writings  are, 

1.  De  fecretis  nature,  feu  .quinta  ejjentia.  Of  the  fecrets  of  nature,  or 
the  quintelTence. 

2 .  De  accurtatione  lapdis  philofophorum.  Of  fhortning  the  work  of  the 
philofopher’s  Hone. 

3.  Codicillum,  feu  vade  mecum  de  formations  lapidum  pretioforum.  A  co¬ 
dicil,  or  vade  mecum  of  the  making  of  precious  ftones  :  now  in  MS.  in  the 
library  of  Ley  den  (f). 

4.  Clavicula  de  l.  p.  Clavicle,  or  little  key  of  the  philofopher’s  ftone. 

5.  Left  amentum.  The  Teftament. 

6.  Apertorium.  An  apertory. 

7.  EpiftoU  ad  Edvardum  re  gem  .Anglia?.  Epiftles  to  Edward  king  of 
England. 

8.  Lux  mercuriorum.  Light  of  mercuries. 

9.  De  mer curio.  Of  mercury. 

10.  Speculum  magnum.  The  great  mirror. 

11.  Left  amentum  noviff  mum.  The  laft  teftament. 

12.  Epiftola  ad  Robertum  regem  Anglia.  An  epiftle  to  Robert  king  of 
England  (g). 

13.  Aphorifmi.  Aphorifms. 

14.  Epiftola  accurtationum.  An  epiftle  of  fhortning  procefles. 

1 5.  De  inveftigatione  occulti  fecreti.  Of  the  difcovery  of  the  deep  fecret. 

16.  Exempla  accurtationis.  Inftances  of  fhortening. 

All 


**  quainted  with  many  things  which  pafs  for 
“  the  difcoveries  of  modern  practice.  He 
“  gives  plain  intimations  of  pbofpborus ,  which 
“  he  calls  the  vejlal  Jire  ;  the  off  a  Helmontii, 
“  See.  And  yet  he  muft  have  lived  two  hun- 
“  dred  years  before  either  Hehnont  or  Lord 
**  Bacon. 

“  4.  He  travell’d  into  Mauritania,  where 
“  he  is  fuppofed  to  have  firft  met  with  che- 
“  miftry  j  and  to  have  imbib’d  his  principles 
“  of  the  art  from  the  writings  of  Geber  : 
“  which  opinion  is  countenanced  by  the  con- 
“  formity  obfervable  between  them. 

“  5.  The  Spanijh  authors  aferibe  the  occa- 
“  fion  of  his  journey  to  a  paffion  he  had  for  a 
“  maid,  named  Eleonora,  who  obftinately  re- 
“  fufed  his  addrefles.  Upon  enquiring  into 
**  thereafon,  {he  fhewed  him  a  cancer’d  breaft. 
“  Lully,  like  a  generous  gallant,  immediately 
“  refolves  ©n  a  voyage  to  Mauritania ,  where 
“  Geber  had  lived  ;  to  feek  fome  relief  for  his 
“  miftrefs.  But  others  fay,  that  from  thence- 
“  forward  he  devoted  himfelf  to  penance ;  and 
“  among  other  pious  exercifes,  applied  him- 

*  See  Morhof.  Polybift.  L.  I.  C.  II.  n,  56. 


“  felf  to  the  converfion  of  infidels,  with  a 
“  view  to  which  he  learn’d  Arabic  at  thirty 
“  years  of  age.  At  his  follicitation,  James , 
“  king  of  Arragon,  founded  a  feminary  in  Ma- 
<e  j or ca,  for  the  education  of  miffionaries.  After 
“  which  he  travell’d  thro’  France,  Germany, 
“  and  England ;  and  was  at  laft  ftoned  to 
<e  death  in  Africa,  for  preaching  chriftianity.” 

There  are  faid  to  have  been  two  Ray?nund 
Lullies,  the  one  a  friar  and  a  martyr  ;  the  o~ 
ther  an  alchemift,  and  originally  a  Jew.  ’Tis 
faid  there  are  above  a  hundred  chemical  MSS. 
of  Raymund  Lully ,  yet  unpublilh’d,  in  the 
Vienna  library  *.  But  for  more  particulars 
relating  to  this  adept,  fee  Vine.  Mutio' s  Hijlo- 
ria  del  Regno  de  Mallorca }  Differtationes  Hi - 
Jioricas  del  Culto  immemorial  de  B.  Raimundo 
Lullio.  Maill.  1700.  4to.  Memoir,  de  Treat. 
Nov-  1701.  p.  236,  &  ieq.  Du  Pin,  Bibliotb. 
EccleJ.  T.  XI.  p.  60.  and  Borricb.  de  Ort. 
p. 133 — 139. 

(f )  And  alfo  publifhed  Rotbom.  1631.  8vo. 

(g)  Perhaps  it  Ihould  be  Robert  king  of 
Sicily  T 

-j-  See  Borricb.  de  Ort .  Cbem.  p.  137. 
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All  which  pieces  are  in  MS.  in  the  library  of  Leyden.  He  is  even  faid  to 
have  written  to  the  number  of  fixty  volumes  on  chemical  fybjedts  (h). 
Johannes  de  28,  (8)  Johannes  de  RupefcijJa,  a  Francifcan,  died  in  prifon,  about  the  year 
Rupefcifla.  1375.  He  wrote  many  pieces  on  alchemy  (i).  Paracelfus  cenfureshim  as 
having  advanced  things  falfe  and  ridiculous  (k). 

Ifaac  Hollan-  29.  ^9)  Ifaac  Hollandus  and  John  Ifaac  Hollandus ,  born  at  St  oik,  a  village 
dus.W  John  of  Holland,  wrote  feveral  pieces  on  alchemy,  wherein  they  deliver  many  ex- 
Ifaac Hollan-  fraordinary  experiments  (l),  viz. 

1 .  De  lapide  philofophorum.  Of  the  philofopher’s  ftone  (m). 

2.  Scientia  chimice.  The  fcience  of  chemiftry. 

3.  De  projedlione  infinita.  Of  infinite  projection. 

4.  De  miner alihus  £5?  vera  metallorum  metamorphoji.  Of  minerals,  and  the 
true  transmutation  of  metals  (n). 


(, h )  A  fair  copy  of  all  Lully's  chemical  works, 
transcribed  in  1483  and  1484,  in  two  vol .  Jol. 
is  preferved  in  the  Bodleyan  library,  given  by 
El.  Afhmole  Efq;  See  alfo  Lheatr.  Cbym.  T.  III. 
and  IV.  and  Mangeti  Bibl.  Cbym.  T.  J. 

if)  His  writings  are ;  1 .  Liber  magiferii 
de  confefficne  roeri  lapidis  philofophorum.  The 
book  of  magiftery  on  making  the  true  philo¬ 
fopher’s  ftone.  Publilhed  with  other  pieces 
of  alchemy.  C'olle&ed  by  Grptarolus.  Baf. 
1361.  fol.  T.  II.  p.  1 26.  In  the  Lheatr. 
Ghym-  T.  III.  p.  1 91.  and  Manget' s  Bibl. 
Ghym.  T.  III.  p.  80. 

2.  Liber  lucis  ;  Book  of  light :  publilhed 
with  the  Secreta  alchimiee  magnalia  of  Lho. 
Aquinas,  by  Dan.  Brouchuijius .  Lug.  Bat.  1598. 
8vo.  In  the  Lheat.  Cbym.  T.  III.  p.  297. 
And  Mangeti  Bibl.  Ghym.  T.  II.  p.  84. 

3.  Rofarium  philofophorum  :  the  rofarv  of 
the  philofophers ;  from  a  double  copy.  Ex¬ 
tant  in  Mangeti  Bibl.  Ghym.  T.  II.  p.  87,  and 
1 19 

4  De  conpderatione  quint re  eff entire  rerum 
omnium.  Of  the  conlideration  of  the  quintef- 
ience  of  all  things.  Baf  1597.  8vo*. 

Account  of  Johannes  de  Rupefcifta. 

(/I)  “  This  author  is  held  as  the  patriarch 
“  of  the  chemifts  :  his  writings  are  many, 
“  eafy  to  be  procured,  and  of  great  weight. 
“  Belides  his  theological  pieces,  he  wrote 
u  many  chemical  ones ;  and  had  wrote  more, 
“  as  having  a  ftrong  chemical  tafte,  but  that 
“  like  his  great  predecelfor  Bacon,  he  was 
“  accufed  of  magic,  and  thrown  into  prifon ; 
“  where  he  pined  away,  and  died  of  grief ; 
“  by  which  means  he  was  prevented  from  dif- 
covering  many  fecrets  of  nature,  which  he 
“  was  become  mafter  of.” 

Account  of  1  faac  and  John  Hollandus . 

(/)  “  1.  Some  fay  thefe-were  father  and 
**  fon ;  others,  that  they  were  brothers :  whe- 
4t  ther,  is  not  eafy  to  determine.  But  certain 


5- 

“  it  is,  they  were  both  perfons  of  great  parts- 
“  and  ingenuity,  and  wrote  on  the  dry  topics 
“  of  chemiftry,  with  all  the  copious  eloquence 
“  of  orators.  They  feem  to  have  lived  in 
“  the  thirteenth  century ;  but  this  is  not  af- 
“  fured.  The  whole  art  of  enamelling  is  their 
“  invention  ;  as  is  alfo  that  of  colouring  glafs , 
“  and  precious  fanes,  by  the  application  of  thin 
“  metal  plates  thereon. 

“  2.  Their  writings  are  in  the  form  of  pro- 
“  ceftes ;  and  they  defcribe  all  the  operations 
“  to  the  moft  minute  circumftances.  The 
“  treatife  of  enamelling  is  efteem’d  the  great- 
“  eft,  and  moft  finilh’d  part  of  their  works  ; 
“  all  that  relates  to  the  neceflary  fufion,  fepa- 
“  ration,  and  preparation  of  the  metals  is 
“  here  deliver’d.  They  write  excellently  of 
“  diftillation,  fermentation,  putrefaftion,  and 
‘ 4  their  effefts ;  and  feem  to  have  underftood , 
“  at  leaft,  as  much  of  thefe  matters  as  any  of 
<c  the  moderns.  They  publilh’d  a  fmall  Trea- 
“  tife  of  the  philofopher' s  fone  ;  which,  they 
“  hold,  may  be  prepared  from  any  body  in 
“  nature.  They  defcribe  wa_ys  of  producing 
“  it  from  lead,  blood,  fulphur,  and  mercury, 
“  and  other  matters.  They  furnifli  feveral 
“  experiments  on  human  blood  ;  which  Van 
“  Helmont  and  Mr  .Boyle  have  fince  repeated. 
“  Paracelfus  likewifehas  borrowed  freely  from 
“  them.  There  goes  a  very  large  work,  in 
“folio,  under  their  name,  of  the  confrudlion 
“  of  chemical  furnaces  and  infrumentsA 

(m)  Extant  in  the  Lheat.  Ghym.  T.  If. 
P-  H2-  _  "  t  § 

(/?)  Opera  mineralia,  five  de  lapide  philofo- 
phorum.  Mineral  works,  or  on  the  philofo¬ 
pher’s  ftone.  Extant  in  the  Theatr.  Chym. 
T-  III.  p.  320.  Alfo  pub  iflred  at  Middelb. 
1600.  8vo.  Opera  mineralia  If  megetabilia. 
Mineral  and  vegetable  works.  Arnheim.  1616'. 
8vo. 


*  Vid.  Conring.  Herm .  Med.  p.210,  383,  &  feq,  and  Bor  ell.  Bibl.  Ghent,  p.  193. 
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5.  De  vino.  Of  wine. 

6.  Dc  vegelabilibus.  Of  vegetables  (o)i  with  fome  others  (p). 

30.  (10)  Bafil  Valentine  (y),  is  commonly  laid  to  have  been  a  Benedictine 
monk  at  Lrfurt ;  tho’  we  are  inform’d  there  never  was  any  Benedictine  mo- 
naftery  at  Erfurt  \  and  both  his  Names  feem  apparently  coin’d  ;  the  one  from 
the  Greek ,  the  other  from  the  Latin.  He  was  perfetftly  (kill’d  in  the  vulgar 
chemiftry,  as  may  appear  from  his  (ingle  piece  entitled  Cu'frus  tritimphalis  an - 
timonii :  or,  triumphal  chariot  of  antimony,  wherein  many  of  the  chemical 
proceftes  accounted  modern,  are  accurately  comprized,  and  faithfully  defcribcd 
Nor  was  he  lefs  eminent  in  the  more  abftrufe  part  of  the  art:  his  chief  failing 
was  the  afcribing  medicinal  virtues  to  every  thing  procured  from  antimony  ; 
than  which  nothing  can  be  more  abfurd,  fallacious,  or  pernicious.  Yet  the 
fame  fatal  error  has  hence  infected  all  the  tribe  of  chemiftsto  thisday.  He  alfo 
(hews  himfelf  to  have  been  both  a  divine  and  a  phyfician  and  feems  like- 
wife  to  have  been  famous  in  the  courts  of  princes.  He  is  fuppofed  to  have 
lived  an  age  earlier  than  Paracelfus  and  was  the  fir  ft  that  broach’d  the  doc¬ 
trine  of  the  three  chemical  principles  ;  from  whence  Paracelfus  borrowed 
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(0)  Opera  vegetabilia  ;  vegetable  works. 
Franco/'.  1666.  8vo. 

( p )  Befides  the  pieces  above  enumerated, 
they  alfo  wrote ; 

1.  Manus  pbilofophica ;  the  philosophical 
guide. 

2.  De  falibus  iff  oleis  metallorum.  Of  the 
falts  and  oils  of  metals  *. 

Tranftation  of  chemiftry  to  medicine. 

“  All  the  authors  hitherto  rehearfed  have 
“  been  chiefly  confined  to  metallurgy,  or  a 
“  few  particular  bodies,  as  metals,  glafs,  ar- 
“  tificial  gems,  &c.  about  which  all  the  che- 
“  mills  from  Zoftmus  to  Hollandus  feem  to 
“  have  been  employ’d.  We  now  proceed  to 
“  the  fecond  clafs  of  chemifts ;  w'x.  thofe 
* c  who  have  cultivated  the  art  with  a  view  to 
“  medicine;  whether  in  order  to  find  an  uni- 
“  verfal  remedy,  or  particular  ones,  in  the 
“  common  way  of  phyfic.  Bafil  Valentine 
“  is  the  firft  of  this  lift.”  But  the  learned 
M.  le  Clerc  thinks  there  are  alfo  indications 
of  chemical  medicines  in  Fhaddceus  the  Flo¬ 
rentine,  who  lived  in  the  thirteenth  century, 
in  Albert  us  Magnus,  Arnoldus  de  Villa  Nova, 
Lully,  Friar  Bacon,  and  Ifaac  Hollandus  -j". 
And  here  it  is  very  remarkable  what  Guaine- 
rus,  who  lived  at  the  beginning  of  the  fif¬ 
teenth  century,  declares  ;  viz.  that,  “  a  cer- 
“  tain  hermit  and  great  alchemift  of  thofe 
“  times,  after  having  labour’d  many  years  in 
“  his  way,  at  length  difcover’d  that  the  great 
“  promifes  of  alchemy  were  vain  ;  whence  he 
“  betook  himfelf  to  the  preparation  of  medi- 


“  cines,  and  commenced  phyfician.”  Guai- 
nerus  adds,  that  himfelf  alfo  was  obiiged  to 
this  hermit  for  communicating  to  him  feveral 
good  remedies  of  his  own  difcovering  j|.  And 
after  this  example  it  appears,  that  many  other 
difappointed  alchemifts  turn’d  phyliciaiis. 

Account  of  Bafil  Valentine. 

(q)  “  1 .  Helmont  has  taken  pains  to  fliew, 
“  that  this  author  was  prior  to  Paracelfus  by 
“  a  hundred  years ;  and  that  he  lived  in  14x5. 
“  And  fome  fix  his  birth  to  the  year  1 394. 

“  2.  His  writings  are  much  commended, 
“  and  much  fought ;  tho’  there  are  fome  fpu- 
“  rious  pieces  tack’d  to  them.  He  wrote  all 
“  in  High-Dutch  ;  and  but  few  of  his  pieces 
“  have  been  tranflated  into  Latin.  In  expe- 
“  riments  he  may  be  depended  on  for  his  ex- 
“  attnefs  and  veracity  :  his  ftyle  is  clear,  open, 
“  and  pure  ;  except  when  he  treats  of  his  ar- 
“  cana,  and  particularly  of  the  philofopher’s 
“  ftone;  where  he  is  asobfcure  as  the  reft. 

“  3.  He  (hould  feem  to  have  been  the  firft 
“  who  applied  chemiftry  to  medicine ;  for 
“  after  every  preparation,  he  never  fails  to 
“  give  fome  medicinal  ufe  thereof.  He  it  was 
“  likewife  who  firft  broach’d  the  do&rine  of 
“  the  three  chemical  principles,  fait,  fulphur, 
“  and  mercury,  which  Paracelfus  afterwards 
“  appropriated  ;  and  it  might  be  (hewn  that 
“  Paracelfus,  Helmont,  the  elder  Lemery,  and 
“  many  others  of  modern  fame,  owe  a  great 
“  part  of  what  is  moft  valuable  in  them,  to 
“  this  author :  fo  that  it  is  not  without  reafon, 
“  that  he  is  j  adg’d  the  father  of  the  modern 

“  chemifts. 
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Authors  in  the 
medicinal 
part  of  che¬ 
miftry. 
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Bafil  Valen¬ 
tine. 


*  See  Juncker,  p.  18.  And  the  appendix  to  Stahl' s  Fundamenta  Chemice. 
f  See  Hi  ft.  de  la  Med.  p.  784,  786.  H  See  Guainer.  de  Paralyf  c.  7. 
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many  of  his  doflrines.  He  wrote  a  multitude  of  pieces,  all  very  diffufive, 
and  fome  likewife  on  the  art  of  phyfic  (r). 

31.  (11)  After  the  five  laft  mentioned  authors  appear’d  •,  an  opinion  got 
footing  among  thechemifts,.as  we  already  intimated,  that  all  .difeafes  ofthehu- 
man  body  might  be  radically  cured,  perfed  health  reftored,  and  life  prolonged 
to  any  number  of  years,  by  means  of  one  fingle  alchemical  medicine.  Puff’d 
up  with  this  notion,  wherein  they  were  not  a  little  confirm’d  by.  the  efficacy 
of  fome  violent  remedies,  procured  by  chemiftry,  the  chemifts  began  to  ex¬ 
tend  their  empire  over  the  whole  healing  art;  At  that  time  phyfic.  was 
overfpread  with  the  fubtile figments  of  the  fchoolmen  ;  and  couch’d  in  words 
and  phrafes  without  meaning  ;  in  effed  it  was  Galenical  all  over,  and  direded 
abfolutely  by  the  decifions  of  the  Arabs.  Hence  the  phyficians  were  unable, 
by  their  bleeding,  purging,  and  the  few  efficacious  medicines  in  ufe,  to  cure 
the  venereal  difeafe,  which  had  then  lately  made  its  appearance.  But  the 
chemifts  attacking  it  with  more  powerful  medicines,  and  Carpus  in  particular 
with  mercury ,  difcover’d  the  cure  ;  which  increafed  the  triumphs  of  chemiftry, 
and  utterly  baffled  the  Schools. 

32.  This  gives  us  a  melancholy  idea  of  the  ftate  of  the  phyficians  in  thofe 
times;  who,  after  infinite  pains  employ’d  in  enquiring  into  the  nature  of  the 
human  body,  and  thence  tracing  the  rife  and  cure  of  difeafes  ;  had  the  mor+ 
tification  to  find  all  their  laborious  writings  on  aetiologies,  diagnoftics,  prog- 
noftics,  diastetics,  and  therapeutics  exploded,  as  idle  and  ufelefs,  by  the  arro¬ 
gance  of  alchemifts;  who  without  regarding  diet,  or  attending  to  the  caufeand 
nature  of  the  difeafe,  cured  all  by  the  mere  application  of  one  fingle  medicine. 

33.  But  this  new  notion  that  obtain’d  at  firft,  and  found  many  partizans  ; 
when  it  came  to  be  more  maturely  weigh’d,  was  found  vain,  empty  and  de- 

ftrudlive  ; 


“  chemifts,  and  the  founder  of  the  chemical 
“  pharmacy. 

“  4.  Van  Helmont  writ  upon  the  alcaheft, 
“  or  univerfal  menftruum  ;  and  Zwelfer,  pre- 
“  tending  to  know  his  fecret,  deferibes  it  as 
“  a  preparation  of  vinegar  and  verdigreafe 
“  diftill’d,  till  the  verdigreafe  difappears.  But 
“  Otto  Tachenius  fhews,  that  Zwelfer  borrow’d 
“  the  whole  procefs  from  a  book  of  Valen- 
“  tine's,  entitled,  Stangiefi ;  where  indeed  it 
“  is  describ'd  in  terms  plain  enough.  So  the 
“  fal  volatile  oleojum,  which  Sylvius  de  le  Boe 
“  has  long  had  the  credit  of ;  and  many  other 
“  fecrets  that  make  a  figure  in  the  nr  odern 
“  authors,  are  originally  derived  from  BafiL 
“  Valentine ." 

(r)  His  chemical  writings  are  :  1 .  Opus  ad 
utrumque :  printed  in  the  Pleat.  Chym.  T.  IV. 
p.  1061. 

2 ,  De  magno  lapide  antiquorum  fapientium : 
on  the  great  ftone  of  the  ancient  fages.  Ex? 
tant  in  Mang.  Bibl.  Chym.  T.  II.  p.  409. 

3.  Pradica,  una  cum  xii  clavibus,  &  ap¬ 
pendices  practice,  together  with  the  twelve 
keys,  and  an  appendix.  Tranflated  out  of 
High-Dutch  into  Latin,  and  publiihed  with 
Mich.  Maj eras' s  Tripos  aureus .  Franco/.  1618. 


4to.  Alfo  with  the  Mufaum  hermeticum  re-- 
formatum  &  amplificatum.  Franco/.  1 677,  and 
1678.  4to.  And  in  Mang .  Bibl.  Chym..  T.  II.* 
P-  4I3- 

4.  Apocalypfs  Cbymica  :  or,  chemical  reve¬ 
lation.  Erff.  1624.  8vo. 

5 .  Currus  triumphalis  antimonii  :  or  trium¬ 
phal  chariot  of  antimony  :  tranflated  into  La¬ 
tin,  and  illuflrated  with  a.  commentary  by 
Tbeod.  Kerckringius  Amf.  1671.  1  zmo. 

6.  Tradaius  chymico-pbilofophicus  de  rebus. 
naturalibus  metallovum  &  miner alium.  A • 
chemico-philofophical  treatife,  concerning 
things  fupernatural  in  metals  and  minerals. 
Franco/.  1676.  8vo. 

7.  Chymifche  fchriften  a  lie.  Sec.  that  is,  all 
his  chemical  writings,  both  printed  and  ma- 
nufeript,  enlarged  and  amended,  and  divided; 
into  two  parts  :  in  High-Dutch,  llamb.  1677. 
8vo.  with  figures.  And  again,  Hamb.  1717. 
8vo. 

8.  See  alfo  Bafil  Valentine's  laft  will  and ' 
teftament,  with  his  manual  operations,  and  a 
traft  of  things  natural  and  fupernatural,  Lond. 
1671.  8vo.  And  his  triumphal  chariot  of 
antimony,  with  the  true  book  of  Syne/us,  con¬ 
cerning  the  philofopher’s  ftone. 
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ftru&ive  ;  and  the  boafts  of  the  chemifts  appeared  to  reft  only  on  their  own 
pride.  Of  this  vve  may  find  abundant  proof  in  the  life  and  writings  of  Para¬ 
cel/us  and  Van  Helment ,  as  co!le<fted  from  their  own  pens. 

34.  (12)  Aureolas,  Philippas ,  Paracclfus ,  Theophrafius ,  Bombafi  de  Hohen-  As  appears 

heimfs ),  was  thefon  ot  Wilhelmus  Hohenheim,  a  learned  man,  and  licentiate  A07*  the  hi- 
in  phyfic  ;  tho*  a  {lender  pratftitioner,  but  poftefled  of  a  noble  library  ;  being  Para' 

himfelf  the  natural  fon  of  a  mafter  of  the  ‘Teutonic  order.  He  was  born  in  the 

year  1493,  at  a  village  in  Swijferland  called  Enfidlen ,  which  fignifies  a  wilder- 
nefs  or  defart,  about  two  German  miles  from  Zurich  ;  whence  he  got  the 
appellation  of  Er  emit  a,  or  hermit,  which  Erafmus  gives  him  in  a  letter  (/). 

35.  At  three  years  of  age  he'  is  faid  to  have  been  mutilated,  and  made  an 
eunuch  by  a  fow.  Accordingly  we  always  find  him  a  bitter  enemy  of  the 
women;  tho*  his  picture,  as  taken  from  the  life,  reprefents  him  with  a  beard. 

He  was  inftrudted  by  his  father  in  phyfic  and  furgery,  wherein  he  made  great 
proficiency  ;  but  as  he  grew  towards  riper  years  he  was  captivated  with  the 
ftudy  of  alchemy,  which  occafion’d  his  father  to  commit  him  to  the  care  of 
Trithemius  abbot  of  Spanheim  a  man  of  great  renown  in  thofe  days,  from 
whom  having  learnt  many  fecrets*  he  removed  to  Sigifmund  Fuggerus  of 
Schwa  tz,  a  famous  German  chemift,  who  at  that  time,  partly  by  his  own  in- 
duftry,  and  partly  by  a  multitude  of  fervants  and  operators,  retained  for  the 
purpofe,  made  daily  improvements  in  the  art..  And  here  he  aftures  uS  he 
learnt  fpagiric  operations  effe&ually,  after  which  he  applied  himfelf  to  all  the 
moft  eminent  mafters  in  the  alchemical  philosophy  ;  who  concealed  nothing 
from  him,  and  from  whom,  as  he  himfelf  relates*  he  learnt  his  fecrets. 

36.  But  not  refting  here,  he  undertook  a  journey  to  all  the  u-niverfities  of 
Germany ,  Italy ,  France  and  Spain,  in  order  to  learn  phyfic  ;  after  which- he 
vifited  Prujfia ,  Lithuania ,  Poland ,  Walachia ,  Tranfylvania ,  Croatia ,  Por¬ 
tugal,  Illyria,  and  the  other  Countries  of  Europe,  where  he  applied  himfelf 
indifferently  to  phyficians,  barbers,  old  women,  conjurers,  and  chemifts 


(*)  “  1 .  Paracelfus  comes  next  on  the  ftagej 
“  a  ftrange,  irregular,  unaccountable  man  ; 
“  whole  hiftory  will  have  the  air  of  a  para- 
“  dox.  He  reformed  and  alter’d  the  face  of 
“medicine,  and  turn’d  it  into,  the  vein  of 
“  chemillry.  Never  did  any  per  fon  bear  fuch 
“  different,  ihconfiftent  characters.  Amidft 
“  fo  much  diverfity,  it  will  require  no  fmall 
“  attention  and  addrefs,  to  keep  the  truth  in 
“  view,  and  purfue  it  without  deviating  into 
“  any  of  the  tracks  of  fable  and  fiction.  To 
“  hear  the  generality  of  chemifts  talk,  he  was  nc  - 
“  thing  lefs  than  a  god  ;  nay,  ’tis  a  tradition, 
“  which  I  find  feveral  people  believe,  that  he 
“  is  not  dead,  but  Hill  lives  in  his  tomb  j 
“  whither  he  retired,  weary  of  the  vices  and 
“  follies  of  mankind.  And  yet  others  repre- 
“  fent  him  as  one  of  the  moft  vile,  flagitious, 
“  and  worthlefs  of  the  race  of  men. 

“  2.  To  afcertain  fomewhat  of  the  cha- 
“  raCter  of  this  memorable  perfon,  we  have 
“  confulted  all  the  writers  on  both  ftdes  the 


queftion  ;  and  will  give  his  ftory,  not  as  ’tis- 
drawn  by  his  profefs’d  devotees  the  Para- 
celfifs ;  nor  yet  from  thofe,  who  determi- 
nately  vilify  him  at  all  adventures,  as  Eraf- 
tus,  Sec.  but,  principally,  as  delivered  by 
y.  Oporinus,  Greek  profelfor  in  the  fame 
univerfity  with  Paracelfus',  Crato,  an  il- 
“  luftrious  phyfician  of  that  time,  who  con- 
“  verfed  with  Paracelfus  j  and  whofe  writings. 
“  have  all  the  marks  of  candour  and  exaCt- 
“  nefs  ;  and  by  Van  Helmont,  who  travell’d 
“  into  Germany ,  on  purpofe  to  enquire  into 
‘‘  the  matter,  and  fatisfy  himfelf  of  the  truth 
“  of  the  ftories  related  of  our  philofopher : 
“  tho’  as  to  this  laft  author  we  fhall  be  a 
“  little  on  our  guard ;  as  he  appears  ftrongly 
“  inclin’d  to  favour  his  mafter,  and  has  pub- 
“  lickly  declared  Paracelfus  the  prince  of  phy- 
“  ft cians." 

{/)  See  the  original  in  Le  Clerc  liift.  de  la 
Med .  p.  800. 
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both  good  and  bad  from  all  which  he  gladly  pick’d  upany  thing  that  might 
be  ufeful  •,  and  thus  enlarged  his  ftock  of  fare  and  approved  remedies.  He 
alfo  learnt  from  Bajil  Valentine's  writings  the  dodrine  of  the  three  elements, 
which,  concealing  his  author’s  name,  he  adopted  as  his  own  ;  and  published 
under  the  appellation  of  fait,  fulphur,  and  mercury. 

37.  In  the  twentieth  year  of  his  age,  making  a  vifit  to  the  mines  in  Ger¬ 
many,  he  travelled  on  to  RuJJia ,  where  being  taken  prifoner  on  the  frontiers, 
by  the  ’Tartars ,  he  was  carried  before  the  Cham ,  and  afterwards  fent,  with 
that  prince’s  fon,  on  an  embafly  to  Covjlantinople  \  where  in  his  28th  year, 
he  tells  us,  he  was  let  into  the  fecret  of  the  pkilofopher's  Jlone.  He  was  alfo 
frequently  retained  as  chirurgeon  and  phyficiar  in  armies,  battles  and  fieges. 

.38.  He  fet  a  high  value  on  Hippocrates  and  the  ancient  phyficians,  but 
defpifed  the  fcholaftic  doctors,  and  above  all  the  Arabs.  He  made  great  ufe 
of  remedies  prepared  of  mercury  and  opium ,  wherewith  he  cured  the  leprofy, 
venereal  difeafe,  itch,  flight  dropfies,  and  other  infirmities,  which  to  the 
phyficians  of  thofe  times,  (who  were  ignorant  of  mercury ,  and  afraid  of  opium , 
as  cold  in  the  fourth  degree)  were  utterly  incurable. 

The  firft  pub-  39.  By  thefe  cures  he  grew  daily  more  celebrated  and  daring  efpecially 
lUfal''hvv "ft  a^er  recover^ng  t^lc  famous  printer  Frobenius  ( u )  of  Bafil ;  by  which  means  he 
'  "  '  became  acquainted  with  the  great  Erafmus ,  and  well  efteemed  by  the  ma¬ 

gistracy  of  Bajil,  who  giving  him  a  plentiful  falary,  made  him  [x)  profefior 
in  the  year  1 527,  where  he  continued  to  teach  philofophical  phyfic  two  hours 
every  day  •,  fometimes  in  Latin,  but  oftner  in  High-Dutch.  Here  he  read  lec¬ 
tures  to  explain  his  own  books  de  compofttionibus ,  gradibus  IF  tartaro ,  021 
compofitions,  degrees  and  tartar  j  which,  according  to  Helmont ,  abounded 
in  idle  drollery,  and  contained  little  folid  fenfe.  Here,  in  a  folemn  manner, 
feated  in  the  chair,  he  burnt  the  writings  of  Galen  and  Avicenna  \  directing  his 
auditors,  if  God  would  not  afiift  them,  to  confult  the  devil  and  him  (y). 

40.  Here  he  procured  many  difciples,  with  whom  he  lived  in  great  in¬ 
timacy  :  three  of  thefe  he  maintained  in  diet  and  clothes,  and  inftruCted  in 
feveral  fecrets  ;  tho’  they  afterwards  ungratefully  deferted  their  mafter,  and 
even  wrote  fcandalous  things  of  him  ;  adminiftring  with  great  indifcretion  the 
medicines  he  had  taught  them,  to  the  great  difadvantage  of  thofe  who  em¬ 
ploy’d 


(; u )  The  cafe  of  Trobenius  appears  to  have 
been  a  violent  pain  in  his  heel,  which  upon 
Paracelfus' s  treatment,  removed  into  his  toes ; 
fo  that  the  patient  could  never  ilir  them  after¬ 
wards,  tho’  he  felt  no  pain,  and  in  other  re- 
fpefts  grew  well ;  but  foon  after  died  of  an 
apoplexy  *. 

(x)  After  his  reception,  he  publilh’d  a  kind 
of  advertifement,  in  the  month  of  June  1527; 
where  he  expijefies  himfelf  thus :  “  Being  in- 
“  vited,  with  a  large  ftipend,  by  the  gover- 
“  nours  of  Bafil,  I  publickly  interpret,  for 
“  two  hours,  every  day,  my  own  books  of 
“  practical  and  theoretical  phyfic,  natural 
“  philofophy  and  chirurgery ;  to  the  great 
advantage  of  my  hearers.”  In  this  piece 


he  takes  to  himfelf  the  title  of  doctor  and 
profelfor  of  both  the  phyfics,  (<v/z.  internal 
and  external,  or  phyfic  and  furgery)  though, 
fo  far  as  appears,  he  had  only  a  permiffion 
from  the  magiftrate  to  prattife  phyfic  in 
Bafil,  without  being  receiv’d  profelfor  in  the 
univerfity  f . 

(y )  Or  declaring  to  his  audience,  “  that 
“  he  would  even  confult  the  devil,  if  God 
“  would  not  affift  him.”  The  original  may 
bear  either  tranflation  :  but  that  in  the  text 
feems  the  trueft  ;  as  being  conformable  to 
his  exprefs  declaration  in  feveral  places  of 
his  works,  that  “  no  one  need  fcruple  con- 
te  fulting  the  devil,  to  get  fecrets  of  phyfic 
“  from  him.” 


*  See  Le  Clerc  Hifi.  de  la  Med.  p.  799.  f  See  Le  Clerc  Hifi .  de  la  Med.  p.  799.  not.  3. 
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ploy’d  them.  He  alfo  retain’d  furgeons  and  barbers  in  his  family  ;  to  whom 
he  communicated  ufeful  fecrets  ;  but  all  of  them  foon  after  left  him,  and 
turn’d  his  enemies.  His  only  faithful  difciples  were  Dr.  Veter ,  Dr.  Cornelius , 
Dr.  Andrew^  Dr.  Urfinus ,  the  Licentiate  Pangratius ,  and  Matter  Raphael , 
whom  he  fpeaks  of  with  commendation. 

41.  During  his  (z)  two  years  refidence  here,  he  cured  a  noble  canon  of  Liech- 
temfels ,  who  had  been  given  over  by  the  phyficians,  of  a  violent  pain  at  the 
ftomach,  with  only  three  pills  of  his  laudanum.  The  fick  canon  had  promifed 
him  100  French  crowns  for  the  cure  ;  but  finding  it  fo  eafily  effedted,  he  re- 
fufed  to  pay  ;  alledging,  with  a  jeft,  that  Paracelfus  had  given  him  nothing 
but  three  mice-turds.  Upon  this  Paracelfus  cited  him  before  a  court  of  juftice  ; 
where  the  judge,  not  confidering  fo  much  the  excellency  of  the  art,  as  the 
quantity  of  labour  and  coft,  decreed  him  a  trifling  gratification  *,  with  which 
Paracelfus  was  fo  exafperated,  that  loading  them  with  reproaches  of  ignorance 
and  injuftice,  he  render’d  himfelf  in  fome  meafure  guilty  of  treafon ;  and  thus 
thought  beft  to  quit  the  court,  and  make  hafte  home.  From  whence  by  the 
advice  of  his  friends,  he  privately  withdrew  out  of  the  city  ;  leaving  his  whole 
chemical  apparatus  to  Joan.  Oporinus.  After  this  he  continued  rambling  two 
years,  thro’  the  neighbouring  parts  of  Alfatia ,  accompanied  by  Oporinus ,  and 
in  the  courfe  of  a  diflolute  life  wrought  many  extraordinary  cures  ;  as  we  find 
related  by  Zwinger  (a),  who  lived  at  the  fame  time  at  Bafil ,  and  often  heard 
the  account  from  Oporinus  himfelf. 

42.  This  Oporinus ,  who  had  been  for  fome  time  his  fervantand  amanuenfis , 
was  a  perfon  of  much  learning,  well  /killed  in  the  Greek  and  Latin  tongues  •, 
who,  poflefied  with  the  vain  expedition  of  attaining  Paracelfus *s  fecrets,  left 
his  own  family  and  travelled  about  with  him  two  whole  years  •,  without 
learning  any  one  thing  :  till  weary ’d  out,  he  grew  wife,  and  quitting  Para¬ 
celfus  returned  to  Bafil. 

43.  It  happened,  one  evening,  that  Paracelfus  was  called  to  vifit  a  coun¬ 
tryman  dangeroufly  ill  near  Colmar  in  Alfatia  ;  but  being  fet  in  for  a  drink¬ 
ing-bout,  with  ordinary  company,  he  deferred  vifiting  the  patient  till  next 
morning  ;  when  entering  the  houfe  with  a  furious  look,  he  alk’d  if  the  fick 
perfon  had  taken  any  phyfic  ?  as  intending  to  adminifter  fome  of  his  laudanum. 
The  by-ftanders  anfwered,  he  had  taken  nothing  but  the  facrament  ;  as  be¬ 
ing  at  the  point  of  death  :  at  which  Paracelfus ,  in  a  rage  reply’d  ;  if  he  has 
had  recourfe  to  another  phyfician,  he  has  no  occafion  for  me ;  and  ran  im¬ 
mediately  out  of  doors.  Oporinus ,  ftruck  with  this  piece  of  impiety,  bid  Pa¬ 
racelfus  the  laft  adieu  ;  fearing  the  barbarity  of  his  otherwife  lov’d  matter 
fhould  fome  time  fall  on  his  own  head  (b). 

44.  From  this  time  Paracelfus  having  forgot  his  Latin ,  continued  wander¬ 
ing  from  place  to  place  ;  always  fuddled;  never  changing  his  clothes,-nor 
fo  much  as  going  into  a  bed  :  till  the  month  of  September  1541,  when  being 
taken  ill  at  a  public  inn,  at  Saltsbourg ,  he  died  after  a  few  days  ficknefs,  in 

the 

(«)  He  came  to  Bafil  in  1527,  and  had  ( a )  The  at.  1422. 

left  the  place  before  June  8,  1528  *.  \b)  Zwinger.  ‘Ibtatr.  227 $. 

*  See  Le  Clere  Hifi,  de  la  Med.  p.  799^  801. 
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the  47th  Year  of  his  age:  tho*  he  had  promifed  himfelf,  by  the  ufe  of  his 
Elixir  pfoprietatis ,  that  he  ihould  live  as  long  as  Mathufalem. 

Ilis  works.  45.  Some  of  his  works  were  publifhed  by  himfelf,  particularly  the  fourth 
part  of  his,  1 .  Chirurgia  magna ,  or  great  furgery,  which  he  dedicated  to  Hie- 
ron.  Bonerus ,  dictator  of  the  city  Colmar ,  June  2.  1528.  Alfo,  2.  Liber  Apo- 
fiematum ,  his  book  of  apoftems,  which  he  dedicated  to  Conrad  Wiferum , 
conful  of  Colmar ,  Jzc/y  5th,  1528.  Then,  3. ' De  gradibus ,  compofitionibus  id 
tar  taro ,  his  books  of  degrees,  com  portions  and  tartar.  4.  His  great  fur¬ 
gery,  which  he  dedicated  to  the  emperor  Ferdinand  from  Munchrath ,  May  7. 
1536.  And  5.  the  fecond  part  to  the  fame  prince,  Augujt  1  r.  1536.  In  thefe 
he  makes  mention  of  feveral  other  pieces  publifhed  by  himfelf,  viz. 

6.  De  archidoxis .  Archidoxa. 

7.  De  fanationibus.  Of  cures. 

8.  De  fanitatc  microcofmi  id  elemenlorum.  Of  the  healthful nefs  of  the  mi- 
crocofm  and  the  elements. 

9.  De generationibus  naturalium.  Of  the  generation  of  natural  things. 

10.  De fuppuratione.  Of  fuppuration. 

11.  Defignis.  Of  figns. 

12.  De  charafferibus  id  adeptis.  Of  chara&ers  and  adepts. 

13.  De  phlebotomia.  Of  phlebotomy. 

14.  De  origine  novorum  morborum.  Of  the  origin  of  new  difeafes. 

15.  De  magia.  Of  magic  ( c ). 

All  thefe  particulars  I  have  collected  with  much  pains,  from  the  wri¬ 
tings  of Paracelfus  himfelf,  Oporinus ,  Zwinger ,  and  efpecially  Van  Helmont  (d), 
as  not  daring  to  take  any  thing  deliverd  by  other  perfons,  where  prejudice 
and  partiality  are  too  apparent  ( e ). 

(c)  See  alfo  the  Following  :  1 .  De  gradibus 
IA  conipoftionibus  receptorum  &  naturaliutn , 

JLib.  vii.  dedicated  to  D.  Epb.  Clauferus ,  a 
phyfician  of  Zurich.  Baf  1526.  4to. 

2.  Archidoxoruon  Lib.  x.  dedicated  to  the 
dudents  of  Zurich.  Baf  1527.  4to. 

3 .  Aur.  Theophr.  Paracelfi  arcbidoxorum ,  feu 
de  fecretis  natures  myferiis,  libri  x.  quibus 
nunc  accejferunt  libri  duo,  unus  de  mercuriis 
metallorum,  alter  de  quinta  ejfentia  ;  manualia 
item  duo,  quorum  primus  chemicorum  <verus  the- 
faurus  ;  poferius  presfantiu?n  medicorum  expe- 
rientiis  refertum  ef  ;  ex  ipfeus  Paracelf  autogra- 
pbo.  Bafii  1582. 

4.  Paramirica  opera ;  dedicated  to  D.  Jo- 
ach.  Vadianus,  a  phyfician.  1531.  March  5. 

5.  De  natura  rerum ,  Lib.  viii.  dedicated  to 
his  friend  Job  Winckefeiner  of  Friburg.  1  5  37. 

6.  Operaomnia,  in  two  volumes,  folio,  Latin. 

7.  There  is  likewife  an  Fnglijh  tranflation 
of  his  archidoxa,  b)  J.  H.  Oxon.  1661.  8vo. 

{d)  Vid.  Helm.  p.  181.  §.  3.  p.  324,  325, 

698,  699. 

Account  of  Paracelfus. 

[e)  “  1 .  No  wonder  Paracelfus,  in  his  time, 

M  was  efleem’d  an  excellent  phyfician  and  fur- 


46. 

a  geon ;  for  medicine  was  then  in  a  low  con- 
“  dition  :  the  practice  and  the  very  language 
“  was  all  Galenical  and  Arabian.  Nothing 
“  was  inculcated  but  Arifotle ,  Galen ,  and  the 
“  Arabs ;  Hippocrates  was  not  read :  nay, 
“  there  was  no  edition  of  his  writings  ;  and 
“  fcarce  was  he  ever  mention’d.  Their  theory 
“  confided  in  the  knowledge  of  the  four  de- 
“  grees,  the  temperaments,  iffc.  and  their 
“  whole  prattice  was  confin’d  to  bleeding, 
“  purging,  vomiting,  and  glyfters. 

“  2.  What  contributed  ltill  more  to  his  re- 
“  putation,  was,  his  becoming  acquainted  with 
“  the  excellency  of  mercury  in  the  venereal 
“  difeafe,  which  had  then  newly  broke  out, 
“  and  fpread  itfelf  over  Europe.  And  proba- 
“  bly  he  had  the  hint  of  this  from  Jac.  Car- 
“  pus,  a  celebrated  anatomid  and  furgeon  at 
“  Boulogne,  who  alone  had  been  mader  of  the 
“  cure  ;  which  was  effected  by  means  of  mer- 
“  cury,  applied  fo  as  to  raife  a  falivation. 

“  3.  ’Tis  probable  that  the  bulk  of  the 
“  pieces  publifh’d  under  this  author’s  name 
“  are  not  his,  but  that  his  followers  chofe  to 
“  ufher  their  performances  under  that  cover. 

In  effeft,  they  are  fo  many,  and  fo  diffe- 
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4 6.  (13)  John  Baptifi  Van  Helmont ,  was  born  of  a  noble  family,  at  Brujfels , 
in  the  year  1577,  w*.  3b  years  after  the  death  of  Paracelfus.  He  loft  his 

father 


“  rent  from  each  other,  that  ’tis  next  to  im- 
“  polfible  they  fhould  all  come  from  the  fame 
“  hand.  And  yet,  belides  the  three  books 
“  which  he  lectur’d  in  public,  there  are  fome 
“  others  that  fhould  feem  to  be  genuine  :  fuch 
“  is  that  de  pejie ,  of  the  plague  ;  that  de  mi- 
“  neralibus,  of  minerals;  that  de  vita  longa, 
<i  of  long  life  ;  and  the  archidoxa  mcdicinrv, 
“  which  was  publifh’d  by  Bodenjleyn,  while 
“  Paracelfus  was  living,  or  at  leait  foon  after 
H  his  death. 

“  4.  This  work  is  called  archidoxa  medi- 
“  etna,  as  containing  the  principal  rules  and 
“  maxims  of  the  art.  Nine  books  thereof  were 
“  publifh’d  at  firft :  and  the  author  in  the 
“  prolegomena  to  them  fpeaks  thus.  [  I  in- 
“  tended  to  have  publifhed  my  ten  books  of 
“  archidoxa  ;  but  finding  mankind  unworthy 
“  of  fuch  a  treafure  as  the' tenth,  I  keep  it 
“  clofe  in  my  occiput ;  and  refolve  never  to 
“  bring  it  thence,  till  you  have  all  abjured 
“  Arifotle,  Avicenna ,  and  Galen ,  and  have 
“  fwore  allegiance  to  Paracelfus  alone. 

“  5.  However  the  book  did  at  length  get 
“  abroad  ;  tho’  by  what  means  is  not  known  : 
“  it  is  confeffedly  an  extraordinaay  piece,  and 
“  may  be  rank’d  amongfl  the  principal  pro- 
“  duftions  that  have  ever  appear’d  in  che- 
“  miflry.  Whether  or  no  it  be  Paracelfus' s 
“  we  will  not  affirm  ;  but  there  is  one  thing 
“  fpeaks  in  its  behalf,  viz.  its  containing 
“  many  things  which  have  been  fince  cried 
“  'up  for  great  noflrums ;  and  Van  Helmont' s 
“  lithontriptic  and  alcahefl  are  apparently 
<s  taken  hence.  The  following  paffage  of 
“  Helmont  may  have  occafion’d  much  fpecu- 
“  lation  :  [“  To  diflil  the  volatile  fpirit  of 
“  fea-falt,  in  order  to  difTolve  the  ftone  in  the 
“  bladder,  digeft  fea-falt  for  a  month  with 
“  juice  of  horfe-radifh  ;  and  then  diftil  the 
“  whole  :  what  rifes  is  the  fpirit  of  the  fait  ; 
“  of  fingular  efficacy  in  diffolving  the  ftone 
“  either  in  the  bladder  or  kidneys.”]  How 
“  Helmont  came  to  know  that  fea-falt  would 
“ferment  with  radifh-juice  is  furprizing ; 
“  there  being  no  hint  of  the  thing  in  any  of 
“  his  other  writings  :  but  our  wonder  will 
“  ceafe  upon  reading  the  procefs  in  exprefs 
“  terms  in  the  tenth  book  of  archidoxa.  And 
“  the  whole  book  of  the  alcahell  is  apparently 
“  taken  from  the  fame. 

“  6.  Amongfl:  the  genuine  writings  of  Pa- 
“  racelfus,  are  lik&wife  reckon’d  that  de  ortu 
“  rerum  vaturaliutn ,  de  tramformatioiie  rerum 
u  naturalium ,  and  de  vita  rerum' naturalium. 


u  The  reft  are  fpurious,  or  very  dubious  at 
“  belt ;  particularly  the  theological  works. 

“  7.  With  refpetl  to  his  merits  as  to  me- 
“  dicine  and  alchemy  ;  it  muft  be  own’d  that 
“  an  arrogant  affirming  air  infedfed  all  his 
“  writings,  .as  well  as  his  adlions  :  it  was 
“  common  with  him  to  promife  mighty  things 
“  with  compleat  affiirance  ;  upon  flender  and 
“  unequal  grounds.  A  ftrong  inftance  of  his 
“  weaknefs  in  this  kind  is  his  undertaking, 
“  by  the  mere  ufe  of  his  elixir  proprietatis,  to 
“  prolong  a  man’s  life  to  the  age  of  Methufa- 
“  leh ;  and  deliberating  with  himfelf  to  what 
“  period  he  fhould  protracl  his  own.  This 
“  argues  his  trufting  to  imagination  more 
“  than  experience  :  for,  as  he  died  a  young 
“  man  himfelf,  ’tis  certain  he  could  not  have 
“  experiments  fulficient  to  warrant  any  fuch 
“  thing ;  nor  did  he  fpeak  of  his  own  know- 
“  ledge,as  a  phyfician  ought  to  do,  but  purely 
“  out  of  caprice. 

“  8.  We  know  not  how  it  is,  but  the  body 
“  of  chemifts,  both  of  his  and  our  times,  have 
“  complimented  Paracelfus  with  the  know- 
“  ledge  of  the  univerfal  remedy  ;  and  he  him- 
“  felf  is  at  the  head  of  the  opinion  :  he  fwears 
“  by  his  own  foul;  and  calls  every  god  in 
“  heaven  to  witnefs,  that  with  one  Angle  re- 
“#medy  prepared  from  metals,  he  was  able  to 
“  cure  all  difeafes,  be  they  what  they  would. 
“  But  Helmont,  who  knew  as  much  of  Para - 
“  celfus  as  any  man,  does  not  believe  a  word 
“  of  it ;  and  tho’  he  is  always  commending 
“  him,  warns  us  not  to  truft  him ;  adding, 
“  that  his  writings  are  full  of  babble.  His 
“  own  hiftory  affords  no  great  proofs  of  the 
“  thing  ;  nor  have  we  any  competent  tefti- 
“  monies  of  other  writers.  But  what  effec- 
“  tually  overthrows  his  pretenfions  to  fuch  a 
“  remedy,  is  his  own  dying  at  an  immature 
“  age. 

££  9.  His  real  merit  confifted,  1.  In  being 
“  well  fkill’d  in  furgery,  and  pradiifing  it 
“  with  great  fuccefs.  2.  In  underftanding  the 
<£  common  pradlice  of  phyfic,  as  well  as  his 
“  cotergporaries.  3.  In  being  alone  mailer 
“  of  the  powers,  preparations,  ufes,  £sV.  of 
“  metals.  4.  In  having  the  ufe  of  opium  to 
“  himfelf,  and  working  wonderful  cures  there- 
“  by.  And,  5..  In  being  well  acquainted 
“  with  the  virtues  of  mercury,  in  an  age, 
“  when  only  he  and  Carpus  knew  any  thing  of 
“  the  matter. 

“  10.  As  to  his  being  poflefs’d  of  the  phs- 
•“  lofopher’s  ftone,  there  are  no  fufficient 
G  proof* 
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father  in  15S0  ;  and  being  the  youngeft  child,  apply’d  himfelf,  againfl  the 
eonfent  of  his  mother,  and  without  confulting  his  friends,  to  the  ftudy  of 

phyfic 


“  proofs  of  it,  and  many  ftrong  ones  to  the 
“  contrary.” 

11.  The  judicious  M.  he  Clerc  has  .given 
an  excellent  {ketch  for  the  hiftory  of  Para¬ 
celfus,  at  the  clofe  of  his  hijiory  of  phyfc ;  the 
conclufion  of  which  {ketch,  as  fumming  up 
the  evidence,  and  fetting  the  matter  in  a  clear 
light,  may  be  acceptable  in  this  place.  “  His 
“  manners  and  his  conduct  are  not  to  be  de- 
<c  fended.  In  reading  his  works,  it  is  eafy 
*  ‘  to  obferve  that  he  had  a  heated  and  difor- 
“  der’d  imagination,  full  of  the  crudefl  no* 
“  tions  ;  whence  it  is  no  wonder  he  gave  into 
“  aftrology,  georaancy,  chiromancy,  and  the 
**  cabbala  ;  which  were  extremely  common 
“  and  popular  things  in  thofe  ignorant  ages. 

“  He  fays  expreffly  that  medicine  muft  be 
“  join’d  to  magic,  or  it  cannot  be  fuCcefsful  ; 
“  by  which  he  does  not  mean  natural  magic 
“  only,  but  declares  that  no  one  need  fcruple 
“  getting  certain  fecrets  of  phyfic  from  the 
“  devil ;  and  boafts  of  holding  converfation 
44  with  Galen  and  Avicenna  at  the  gates  of 
“  hell.  In  {hort,  he  has  ufed  all  the  poffible 
“  means  to  perfuade  the  world  that  he  was  a 
‘‘real  magician ;.fo  that  if  he  has  fail’d  in 
“  the  attempt,  it  is  his  misfortune.  Indeed, 
“  it  has  been  the  common  opinion  that  he 
“  was  one  j  .but  for  my  part,  I  judge  he  was 
*'  rather  an  impoftor  than  a  conjurer. 

“  12.  But  among  the  bad  things  that  his 
“  works  are  fluffed  with,  there  are  fome  that’ 
“  are  good,  and  contribute  to  the  improve- 
“  ment  of  phyfic.  What  he  fays  againfl  the 
“’common  notions  that  had  prevail’d  from 
“  the  time  of  Galen,  as  to  the  efiefts  of  the 
“  primary  qualities  of  bodies,  viz.  hot,  dry, 
“  cold,  and  moift,-  has  fomewhat  open’d  the 
“  eyes  of  phyficians.  He  calls  the  philofo.- 
“  phy  of  Arifotle,  a  vjooden  foundation-,  and 
“  if  himfelf  has  not  Hid  a  better,  he  has  given 
“  occafion  for  it,  and  promote.d  a  difcovery 
“  of  the  weaknefs  of  that  old  bafts.  His  0- 
“  pinion  of  feeds,  all  which  he  fuppofes  ex- 
“ifted  from  the  beginning,  prevails  to  this. 

day  among  the  moft  knowing,  who  have 
“only  explain’d  it  better.  His  doftrine  of 
“fait,  fuiphur ,  and  mercury,  has  great  ufes 
“  in  philofophy  and  phyfic ;  if  taken  not  as 
“real  elements,  but  as  aftive  principles  in 
“  bodies.  It  is  alfo  manifeft, .  that  he  had  a 
“  great  knowledge  of  the  materia  medica, 
“  and  bellow’d  much  time  and  pains  in  work- 
“  ing  upon  animal,  vegetable,,  and  mineral 

*  De  Vet.  &  Nov.  Med.  T.  2\  p.  65 1 
horn  in  1497^  and  dying  in  1574* 


“  fubftances ;  fo  as  to  have  made  a  very  large 
“  number  of  experiments ;  but  then  he  has 
“  this  great  defeft,  that  he  ftudiouffy  con- 
“  ceals,  what  a  long  courfe  of  experience 
“  had  taught  him  upon  this  fubjeft  ;  fo  that 
“  the  fhort  critic  of  Gunther  d'  Andernac  *  is 
“  extremely  judicious :  [“  I  allow,  fays  he, 
“  that  Paracelfus  was  an  excellent  chemift, 
“  and  that  he  has  deliver’d  many  good  things 
“  in  his  writings  ;  but,  on  the  other  hand,  it 
“  is  pity  he  fhould  have  mixed  them  with  a 
“  number  of  others  that  are  falfe  and  frivo- 
“  lous ;  and  at  the  fame  time  have  cover’d 
“  the  beft  of  all  with  fo  much  obfcurity,  that 
“  fcarce  any  one  can  underftand  what  he  fays, 
“  or  make  the  leaft  advantage  of  it.  I  wifh 
“  Galen  had  been  lefs  diftufive  and  more  ex- 
“  aft  in  his  works,  and  Paracelfus  more  clear 
‘  ‘  and  candid ;  but  as  every  one  has  his  fail- 
“  ings,  we  fhould.  retain  what  appears  to  be 
“  good,  and  leave  the  reft.”] 

13.  The  Lord  Bacon  has  given  a  juft, 
tho’  fevere,  cenfure  of  Paracelfus,  in  his  phi- 
lofophical  capacity,  to  this  effeft  :  “  Para - 
“  celfts.  Handing  at  the  head  of  the  chemifts, 
“  deferves  to  be  feparately  chaftifed  as  a  mon- 
“  fler.  What  Bacchanalian  .oracles  are  thofe 
“  he  utters  in  meteorology;  whilft  he  is  ri- 
“  diculoufly  aping  of  Epicurus  ?  All  that  Epi- 
“  curus  afierts  upon  the  fubjeft  is  but  opinion, 
“  which  he  unconcernedly  left  to  its  fate  ; 
“  but  Paracelfus,  blinder  than  fate,  and  more 
“  rafh  than  chance,  is  ready  to  avouch  the 
“  abfurdeft  falfhoods.  What  dreams  of  re- 
“  femblances,  correfpondences,  and  parallels, 
“  are  given  us  by  this  fanatical  linker-together 
“  of  idols  ?  His  three  principles  indeed  might 
“  be  receiv’d  with  fome  utility,  as  having  a 
“  foundation  in  nature  :  but  he  is  continually 
“  wrefting  them  to  every  thing,  according  to 
“  his  great  dexterity  in  delufion.  But  this  is 
“  not  the  word  of  him  :  for  like  a  facrile- 
“  gious  impoftor,  he  has  mixed  and  polluted 
“  divine  things  with  natural,  facred  with  pro- 
“  phane,  fables  with  herefies,  and  human 
“  truths  with  religious  ;  fo  as  not  like  the  an- 
“  cienT Sophifs  to  have  hid,  but  extinguilh’d 
“  the  light  of  nature.  The  Sophifs  were  only 
“  deferters  of  experience,  but  Paracelfus  has 
“  betray’d  it.  At  the  fame  time  he  is  fo  far 
“  from  underftanding,  or  juflly  reprefenting 
“  experience,  that  he  has  added  to  the  trouble 
“  and  tedioufnefs  of  experimenting,  In  fhort, 
“  he  has  every  where,  to  the  utmoft,  magni- 

“  fied 

Quntherm  was  cotemporary  with  Paracelfus ,  being 
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phyfic  (e).  .  He  finiihed  hiscourfe  of  philofophy  in  the  year  1594,  being  the 
17th  of  his  age(/j,  when  he  was  noted  for  a  great  reader,  having  read  Galen 
twice,  Hippocrates  once,  and  all  the  other  phyficians,  both  Greeks  and  Arabs , 
with  great  care  ;  and  even  common-placed  the  more  remarkable  paflages  in 
them.  When,  going  to  Lovain,  he  was  appointed,  by  the  profeffors  Thomas 
Tyenus ,  Gerard  Fillers ,  and  Horniusy  to  read  public  lectures  on  chirurgery, 
in  the  college  of  phyficians  (g).  In  the  22d  year  of  his  age,  being  the  year 
1599,  he  was  created  doctor  of  phyfic,  at  Lovain  (h),  where  he  had  began  to 
fee  thro*  the  infufficiency  of  the  fchool-phyfic,  long  before  he  had  difcovered 
any  better  medicines  of  his  own  (i).  Happening  to  be  troubled  with  a  flight  itch, 
which  he  could  not  get  rid  of  by  the  fchool-method,  but  which  was  eafily  re¬ 
moved  by  means  (k)  of  fulphur,  he  repented  having  ever  devoted  himfelf  to 
the  fludy  of  phyfic  j  confidering  the  noblenefs  of  his  birth,  and  that  none  of 
his  family  had  hitherto  {looped  to  fuch  a  profefiion.  On  thefe  motives  he 
threw  it  up  •,  divided  his  fortune  among  his  relations  ;  and  quitted  his  coun¬ 
try  ;  with  an  intention  never  to  return  (/).  His  books  to  the  value  of  200 
crowns,  he  threw  afide  ( m ) ;  and  fetting  out  for  foreign  countries,  rambled  ten 
whole  years  ( n ) ;  till  being  inftru&ed  in  chemiflry  by  a  certain  illiterate  per- 
fon,  he  apply’d  himfelf  wholly  to  that  art :  and  having  in  the  compafs  of  two 
years  obtained  a  few  chemical  medicines  (0),  he  became  capable  of*  curing  fome 
difeafes. 

47.  In  the  year  1609,  he  married  a  rich,  noble,  and  virtuous  wife,  with 
whom  he  retir’d  to  Wilwoord ,  where  he  gave  himfelf  wholly  up  to  the  pur- 
fuits  of  chemiflry  ( p ) :  during  his  noviciate  in  the  art,  he  tried  many  dange¬ 
rous  experiments,  which  frequently  hazarded  his  life  (£).  And  .tho’  he  did 

G  2  not 


**  fied  the  abfurd  pretences  of  magicians, 
“  countenanced  fuch  extravagancies,  and  en- 
“  couraged  others  to  believe  them  from  his 
“  own  affurance  ;  being  thus  at  once  the  work 

“**  and  fervant  of  impofture. - His  difciples 

greedily  fvvallow  thofe  doctrines,  which  he 
“  has  rather  promulged  and  promifed,  than 
“  a&ually  laid  down  and  made  good,  and  de- 
“  fended  with  arrogance  inftead  of  caution  ; 
“  being  thus  recommended  with  pompous 
<£  Ihew,  affinity  with  religion,  the  fubterfuge 
•£  of  obfcurity,  and  other  impoftures.  And 
“  hence  his  followers  appear  link’d  to  one  an- 
“  other  by  the  lying  fpirit,  that  Ihews  ijtfelf 
“  in  their  fwoln  hopes  and  promifes.  How- 
ever,  by  vvandring  through  the  wilds  of 
experience,  they  fometimes  ftumble  upon 
“  ufeful  difcoveries ;  not  by  reafon,  but  by 
u  accident :  whence  proceeding  to  form  the- 
<e  ories,  they  plainly  carry  the  fmoke  and 
,c  tarnifh  of  their  art  along  with  them  ;  and 
“  like  childifh  operators  at  the  furnace,  at- 
tempt  to  raife  a  ftrutture  of  philofophy  with 
a  few  experiments  of  dillillation  ;  and  their 
“  own  idols  of  reparation  and  mixture,  where 
“  no  traces  of  them  are  really  found.  Yet 

See  Lord  Bacon's  works;  4to,  Vol.  II.  p. 


we  do  not  accufe  them  all  in  the  lump ;  but 
“  make  a  dilference  betwixt  that  little  fer- 
“  viceable  fet,  who  being  not  very  follicitous 
te  about  railing  of  theories,  principally  prac- 
“  tife  a  certain  mechanical  fubtilty  in  making 
“  new  difcoveries,  with  their  ufes ;  more  aft£r 
<c  the  manner  of  Friar  Bacon  than  Paracelfus  i 
“  and  dillinguilh  thefe  from  that  impious 
t-ribe,  who  endeavour  only  at  procuring  ap- 
<£  plaufo  to  their  theories,  and  court  and  beg 
££  it  under  a  pretended. zeal  for  religion,  large 
££  promifes,  and  the  arts  of  importure  ;  which 
£‘  is  the  way  of  Bajil  Valentine ,  and  molt  of 
££  the  alchemical  authors 

(e)  Vid.  Helm .  p.  83  j. 

(f)  P-  12.  §.  1. 

(g)  P.  833. 

[b)  P.  11.  §.7. 

(/)  P.  423.  §.  2. 

(i)  P.  256,  257. 

U)  P.  833. 

(«)  P.  666.  §.  12. 

(«}  P.  1 1.  §.  12. 

(0)  P.  833. 

[p)  P.  41.  §.  7.  p.  833,  to  SS8 
(f)  P-  7J9»  94s- 
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not  vifit  patients  and  pra&ife  phyfic  for  gain'(r),  he  allures  us  he  cured 
every  year  fome  thoufands  of  fick  people  (.*).  He  fpent  fifty  whole  years  in 
diftillations  (/).  He  was  in  high  efteem  with  the  electoral  biThop  of  Cologne, 
a  prince  eminently  /kill’d  in  chemiftry  *,  and  was  invited  by  the  emperor  Ru¬ 
dolph,  and  two  other  emperors,  to  the  court  of  Vienna ;  but  he  always  refus’d  (u). 
In  the  year  1624,  he  publifhed  a  treatife,  printed  at  Liege,  de  aquis  Spadanis, 
or,  of  the  Spaw  waters,  and  afterwards  feveral  other  pieces  {pc}. 

48.  He  was  not  able  to  cure  twoofhis  fons,  whom  he  loft  of  the  plague  (y), 
nor  his  eldeft  daughter  of  a  leprofy,  tho’  he  praftifed  on  her  full  two  years  (z). 
Nor  could  he  cure  his  wife,  nor  his  maid  ;  nor  himfelf  of  poifon  (a).  In  Ja¬ 
nuary,  1640,  being  the  63d  year  of  his  age  *,  he  was  feized  with  a  fever,  at¬ 
tended  with  a  flight  fhivering,  which  made  his  teeth  chatter  ;  a  pricking  pain 
about  th t  Sternum,  a  difficulty  of  refpiration,  and  a  fpitting  firft  of  bloody 
•matter,  then  of  pure*  blood.  For  the  removal  hereof,  . he  took  fhavings  of 
the  penis  of  a  flag,  upon  which  the  pain  grew  lefs  •,  then  he  took  a  dram  of 
goat’s  blood,  and  the  fpitting  of  blood  ftop’d  for  four  days  ;  leaving  only  a 
flight  cough,  with  a  moderate  expectoration :  but  the  fever  hill  remained,' 
and  was  followed  by  a  pain  in  the  fpleen  ;  for  which  he  took  wine  boil’d  with 
crabs-eyes  *,  whereupon  all  the  fymptoms  difappeared.  ( b ).  In  the  year  1643, 
he  was  feized  with  a  Syncope ,  occafioned  by  the  fmoak  of  charcoal  (c),  which 
he  cured  with  fulphur  of  vitriol  ( d ).  On  the  1 8  th  of  November,  1644,  he  fell 
into  an  afthma,  attended  with  two  fits  of  a  pleurify  ;  and  after  languilhing 
feven  weeks,  died  of  a  flight  fever  an.d  extream  weaknefs,  on  the  30th  of  De¬ 
cember,  16^4.. — See  his  foil’s  preface  to  all  his  father’s  works,  which  he  pub¬ 
lifhed  after  his  father’s  death  ( e ), 


W  P.  693.  §•.  3. 

(j)  P.  835. 

(/)  p.  241.  §.  1. 

(«)  P.  833,  835. 

(v)  See  his  Opufcula  me  die  a  in  audita.  Col. 
Agr.  1644.  8vo, 
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(z)  P.  714.  §.  27. 
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{b)  P.  322.  §.  33. 

(c)  P.  242.  §.  19. 

(d)  Ibid. 

Account  of  Van  Helmont’r  Works. 

(f)  “  1.  During  the  retirement  of  this  au- 
“  thor  at  Wilvsoord,  he  examin’d,  with  great 
“  pains  and  indu'ftry,  ’all  kinds  of  bodies,  both 
“  foffile,  vegetable,  and  animal,  in  a  chemi- 
“  cal  way;  and  thus  firft  furnjihed  a  new  body, 

“  or  courfe  of  chemical  knowledge.  Here 
“  he  made  thofe  noble  experiments  and  dif- 
“'coveries  of  oil  of  fulphur  per  catnpanam , 

“  the  laudanum  Paracelf,  fpirit  of  hart’s  horn, 
“fpirit  of  human  blood,  fal  volatile  oleof. 
“&c. 

“  2.  Having  conceiv’d  a  ftrong  prejudice 

againft  the  Galenical  method  and  medicines ; 

g  See  his  Opufcula  medica  innudita.  Col.  Ag: 


49. 

from  his  own  ill  fuccefs  upon  applying  them 
“  in  pra&ice ;  and  finding  chemiftry  produc- 
“  tive  of  fo  many,  and  much  more  powerful 
“  remedies,  he  run  counter  in  every  thing  to 
“  the  Galenic  fchool,  and  reduced  the  whole 
“  art  of  phyfic  to  principles  of  chemiftry, 
“  With  fuch  views  he  began  to  write;  his 
“  firft  piece  was  of  Spanv-vsaters,  printed  at 
<!  Liege  in  1624,  as  above-mention’d  ;  which 
“  procured  him  confidevable  efteem  :  there  are 
“  feveral  good  things^  in  it,  and  but  little  of 
“  that  opinionativeneis  and  boafting,  which 
“  ihew’d  itfelfin  his  later  works.  He  had  it 
“  reprinted  the  fame  year  at  Cologne,  with 
u  new  experiments.  In  1  644,  he  publifh’d  his 
“  fecond  piece,  de  humoribus,  of  the  humours  ; 
“  a  third,  de  febribus,  of  fevers ;  and  a  fourth, 
“  de  Uthiaft ,  of  the  fone ;  which  are  all  the 
“  books  he  publifli’d  in  his  life-time  *.  Soon 
after  the  publication  of  the  laft  he  died  :  fo 
“  that  the  iuggeftion  of  fome  eminent  che- 
“  rnifts,  that  Helmont  had  chang’d  his  fenti- 
“  rpents,  and  had  got  quite  other  things  in 
“  view,  appears  without  any  ground. 
r  u  3-  As  he  perceiv’d  his  death  approach- 
“  ing,  he  call’d  for  his  fan,  and  gave  him  the. 

“  following 

;  Svo.  1644. 
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49,  Hetjce  it  evidently  appears  that  thefe  two  authors,  Paracelfus  and 
Helmont ,  who  are  the  heads  of  all  the  chemical  phyficians,  were  not  matters  of 
the  univcrfal  remedy,  which  they  fo  often  boaftof;  but  in  chronical  cafes  fre¬ 
quently  wrought  extraordinary  cures  by  means  of  violent  remedies,  where  the 
conftitution  of  the  patient  was  ttrong  enough  to  endure  the  action  thereof. 
But  for  all;  their  vain  promifes  of  long  life,  neither  of  them  arrived  at  old  age. 
They  were  fucceeded  by  the -following  famous  phyficians. 


“  following  charge.  [“  Take  all  my  writings, 
“  the  crude  as  well  as  the  finifli’cl  ones ;  and 
il  join  them  together:  to  your  care  I  commit 
“  them  ;  do  with  them  what  you  think  good. 
“  For  fo  it  has  pleafed  almighty  God,  who 
“  direfts  every  thing  to  the'  belt  purpofes.] 
“  This  fon  was  a  perfon  of  deep  thought, 
“  but  a  little  tainted  with  enthufiafm  ;  and  in 
“  his  father’s  life-time  had  ItrollVi  about  with 
“  a  gang  of  gypfies.  After  the  father’s  de- 
“  ceafe,  he  acquitted  himfelf  of  the  trull: ; 
“  publifhing  them  juft  as  he  found  them,  with- 
“  out  any  regard  to  order,  corififtency,  or  cor- 
“  reft'nefs  ;  and  befide,  t.rulted  the  imprefliion 
“  principally  to  the  printer :  fo  that  we  fre  • 
“  quently  find  Helmont  relating  things  in  one 
“  place,  which  he  contradifts  in  another.  And 
“  indeed  ’tis  no  wonder  we  don’t  find  the  fame 
“tenor  throughout;  for  as  chemiftry  grew 
“  under  his  hands,  and  as  many  new  views 
“  muft  turn  up  in  forty  or  fifty  years,  which  he 
“  fpent  in  gradually  improving  the  art  ;  it  is 
“  eafy  to  conceive  how  theie  fhould  arife  a  dif- 
“  ference. 

“  4.  The  pieces  publiihed  by  himfelf  are 
H  all  excellent :  that  of  the  ftone  is  incompa- 
“  rable,  and  the  beft:  that  of  fevers  is  a  va- 
.“  luable  work  :  and  that  of  the  kumouft  is  a 
“fine  piece.  The  Galenical  doftrine  of. the 

four  elements,  four  qualities,  four  degrees, 
“  and  four  humours,  with  the  method  of  cure 
“  by  tempering  thefe  degrees,  are  here  clearly 
“  and  direftly  prov’d  to  be  falfe  and  infigni- 
“  ficant.  The  treatife  of  the  plague ,  which  is 
“  one  of  the  pofthumous  pieces,  has  many 
“  good  things,  tho’  it  does  not  come  up  to 
“  the  merit  of  the  former.  But  the  reft  are 
“  all  fo  much  inferior,  that  one  would  never 
“  fufpeft  them  to  have  come  from  the  fame 
“  hand. 

“  5.  The  beft  edition  is  that  of  Amfterdant, 
“  in  quarto ,  apud  Elzevir.  In  the  Venetian 
“  edition  in  folio,  there  are  feveral  pieces  not 
“  Helmont' s :  and  the  fame  may  be  faid  of 
“  that  lately 'publifh’d  in  Germany. 

“6,  If  his  moil:  folemn  preteftations  are 
“  of  any  weight,  he  fhould  feem  to  have  been 
“  poffefs’d  of  the  univerfal  medicine  :  a  thing 
“  which  he  inculcates  in  almoft  all  his  v/ri- 
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“  tings.  His  notion  of  the  origin  of  fuch  an 
“  univerfal  remedy,  is  very  peculiar,  and  fa* 
“  vours  of  that  enthufiaftn,  which  was  a  part 
“  of  his  charafter.  No  poifon,  fays  he,  can 
“  aft  . on  a  carcafs :  there  muft- bp  life  to  pro- 
“  dace  an  efteft  :  this  life  he  calls  arches  us ; 
“  and  aferibes  both  knowledge  and  underftand- 
“  ing  thereto.  If  now  any  heterogeneons  body 
“  happen  to  be  prefent  to  the  archaus ,  it  rifes 

into  a  fervour,  endeavours  to  expel  the  ho-' 
“  ftile  matter,  and  in  order  to  that,  exerts 
“  all  the  force  of  the  body.  To  cure  any* 
“  difeafe,  therefore,  is  to  pacify  and  compcfc 
“  this  archeeus.  The  thing  required,  there-' 
“  fore,  is  fuch  a  remedy  as  may  readily  calm/ 
“  and  put  a  flop  to  this  unnatural  fervour  upon 
“  all  occafions  ;  and  this,  fays  he,  is  the  uni- 
“  verfal  remedy.. 

“  7.  This  doftrine  of  Helmont  would  not 
“  be  fo  abfurd,  did  lie  not  aferibe  underftand-1 
“  ing  to  his  archesus.  Setting  this  afide,  the 
“  principle  which  renders  poifons  deadly,  and 
“  remedies  beneficial,  is  the  circulation  of  the 
“  blood.  No  doubt  but  Helmont  was  appriz’d 
“  of  this  before  he  died.  For  Harvey  had 
“  published  his  difeovery  fome  years  before ; 
“  which  Helmont  could  not  but  fall  into:  thoJ 
“  he  might  chufe  to  diftemble  the  matter,  as 
“  it  urltwifted  a  large  part  of  his  fyftem  ;  which 
“  he  might  want  leifure  or  inclination  to  re* 
“  form  and  model  anew. 

“  8.  From  Paracelfus's  and  Helmont' s  time, 
“  the  number  of  chemifts  and  chemical  writers 
“  grew  immenfely;  fo  that  to  rehearfe  them  all 
“  would  be  endlefs.  In  Borelli  s  bibliotheca  chy- 
“  mica,  printed  at  Heidelberg  in  1653,  no  lefs 
‘‘  than  four  thoufand  writers,  already  extant,are 
“  enumerated  ;  and  yet  he  mentions  none  but 
“  thofe  of  his  own  knowledge.  Others,  who 
“  took  more  fcope,  found  above  double  that 
“  number  at  the  fame  time.  It  may  be  added, 
“  that  the  years  elapfed-fince,  have  produced 
“  more  than  all  the  ages  before. 

“  9.  Here,  therefore,  we  muft  end  our 
“  career ;  the  field  is  too  vaft  to  enter  on. 
“  We  have  condufted  chemiftry  from  its  rife 
“  to  its  ftate  ;  its  progrefs  is  now  at  an  end  : 
“  we  {hall  only  here  obferve,  that  as-  it  is  not 
“  only  a  dark  and  intricate,  but  a  dangerous 
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50.  Francis  de  le  Bos  Sylvius ,  Otto  Fachenius ,  and  their  followers,  con¬ 
tributed  ftill  further  to  the  introduction  of  chemiftry  into  medicine  ;  fo  as  to 
render  the  latter  intirely  dependant,  both  as  to  practice  and  fpeculation,  on  the 
former. 

From  the  whole  of  what  has  been  hitherto  delivered,  it  appears  moft  advan¬ 
tageous  to  a  novice,  at  his  entrance  on  the  ftudy  of  chemiftry,  to  begin  with 
perufing  the  authors  who  have  reduced  the  operations  into  the  form  of  fyftems : 
The  chief  of  which  are  the  following. 

CLASS  I.  Syjlematical  Writers . 

51.  (1)  Gfwald  Crollius  (/',  in  his  Bafilica  chemica[g )  cum  not  is  Jo.  Hart - 


manni.  Genev.  1658.  8°. 

52.  (2)  Beguinus  in  his  Fyrocinium 

■12°  ( h ). 

“  art ;  fo  he  who  enters  on  it,  mull  proceed, 

“  not  only  with  addrefs,  but  caution.  That 
“  part  which  relates  to  metals,  is  remarkably 
“  dangerous  :  The  fingle  vapour  of  arfenic 
“  may  either  immediately  fuffocate,  or  occa- 
Ci  fton  a  weaknefs  for  ever  ;  and  an  author 

who  relates  an  experiment,  without  expref- 
<c  fing  every  circumftance  thereof  at  large,  is 
4‘  not  onlyufelefs,  but  even  dangerous.  The 
“  event  of  every  operation  depends  on  thefe 
“  minute  circumftances ;  and  an  alteration  in 
“  any  one,  may  not  only  prevent  the  fuccefs 
“  of  the  whole,  but  even  render  it  unexpec- 
“  tedly  fatal.  We  proceed  therefore  to  fingle 
“  out  of  this  vaft  number,  thofe  we  would  re- 
“  commend  for  their  exattnefs  and  fidelity, 

“  in  teaching  the  fundamental  parts  of  che- 
“  miftry  :  and  thefe  we  fhall  reduce  into  four 
“  clafies.  (1 .)  The  firfi  clafs  includes  the  fyf- 
“  tematical  writers,  or  thofe  who  have  col- 
“  levied  all  the  known  operations  into  a  body, 

“  and  digefted  them  in  the  form  or  order  of 
“  an  art  or  inftitution,  for  others  to  learn  by; 

“  commonly  with  fome  addition  of  their  own 
“  reafonings  at  the  end  of  each  operation. 

“  (2.)  The  fecond  clafs  will  contain  the  me- 
“  tallurgical  writers.  (3.)  The  third  will 
“  comprehend  the  authors  on  alchemy.  And 
“  (4.)  The  fourth  thofe  that  have  applied  che- 
“  miftry  to  the  ufes  of  natural  philofophy, 

**  medicine,  and  other  arts.” 

Account  of  Crollius. 

(f)  Crollius  was  a  He  [fan,  and  phyfician 
in  ordinary  to  Cbriflian,  prince  of  Anhult. 
He  was  a  perfon  of  learning,  but  a  fanguine 
follower  ol  Paracelfus  ;  even  in  his  extrava¬ 
gancies  about  aftral  virtues,  fignatures,  chiro¬ 
mancy,  phyfiognomy,  gnomes,  fylphes,  pa¬ 
rallels,  and  refemblances  of  celeftial  and  fub- 
lunary  bodies  ;  on  which  he  endeavours  to 
found  the  4rt  of  phyfic.  And  yet  the  chemi- 


chimicum ,  often  printed  in  8°.  and 
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cal  procefles  he  defcribes  are  generally  faith¬ 
ful  and  exadt.  He  dedicates  his  book  to  the 
prince  of  Anhalt ,  from  Prague  1608.  It 
fhews  the  ways  of  preparing  feveral  chemical 
medicines,  which  are  now  commonly  known. 

His  Works. 

( g )  The  original  title  is,  Bafilica  chymica , 
philofophicam,  propria  laborum  experientia  confir- 
matam,  defcriptionem  &  ufum  remediorum  chy- 
micorum  feleilijf.  e  lumine  gratis  &  naturae 
defumptorum  continens :  that  is,  the  chemical 
court,  containing  the  philofophical  defcrip- 
tion,  and  ufe  of  the  choiceft  chemical  reme¬ 
dies,  drawn  from  the  light  of  nature  and 
grace,  and  confirm’d  by  his  own  experience. 
———At  the  end  is  added,  the  fame  author’s 
Trail  at  us  novus  de  fignaturis  rerum  inter  nis, 
or  a  new  treatife  of  the  internal  fignatures  of 
things,  Francof.  1609.  4m.  Reprinted  in 
16.11,  4to.  1620.  4to.  and  1622.  8vo. 

-  Cum  augmento  Jo.  Hartmanm. 

Lipf.  1634.  4to. 

■ - Genev.  1630,  1635,  1643,  and 

1658,  8vo. 

- In  High-Dutch ,  under  the  title 

of  Bafilica  chymica ,  Oder  Alchymifiifch  Konigl. 
Kleinod,  Sec.  Francof.  1623  and  1647.  4to. 

- Traduit  en  Francois ,  par  Marcel, 

a  Rouen  1634.  8vo. 

Account  of  Beguinus’*  Works. 

( 'h )  Beguinus  was  almoner  to  the  king  of 
France,  and  publifh’d, 

l.  Les  elemens  de  chymie. ,  a.  Paris  1615,  and 
1624,  8vo.  a  Genev.  1624.  8vo.  Rouen 
1637.  Svo.  a  Lyon  1665.  8vo. 

Thefe  were  tranflated  into  Latin,  andilluf- 
trated  with  notes,  by  Jer.  B.arthius,  under 
the  title  of  Tyrocinium  chymicum.  Francof  O. 
1618.  8vo.  Afterwards  enlarged  above  one 
half,  with  notes,  and  fele£l  forms  of  medi¬ 
cines,  by  Chrifioph.  Gluckradt  Jdegiornont.  1618. 

8  vo. 
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53-  (3)  J°'  Hartmannus ,  in  his  Opera  medico-chymica ,  1690.  Fol.  (/). 

54.  (4)  Chrijlopher  Glafer ,  in  his  Trait e  de  la  chymie.  •  Bruflels  16^6 
120.  (£). 

55.  (5)  Nicholas  le  Febure ,  in  his  de  la  chymie.  &  Paris  1660,  & 

1669,  2  vol.  8vo.  &  a  2  vol.  1669.  i2mo.  (/). 

56.  (6)  Lemery,  mhis  C ours  de  chymie  (m).  Leyd.  1716,  Svo  (n). 


8vo.  Afterwards  republilh’d  with  the  notes 
of  both  thefe  editors,  as  alfo  the  forms  of  me¬ 
dicines,  digefted  into  one  fyftem,  by  Jo.  Geo. 
Peljhofer.  Witteberg  1650.  8vo.  Laftly,  il- 
luftrated  with  a  new  comment,  by  Gher.  Bla- 
Jius.  Amft.  165.9.  I2mo-  Of  which  another 
edition  enlarged  and  corre£ted  was  publifh’d. 
Amft.  1669.  i2mo.  This  work  is  alfo  tranf- 
lated  into  Englijb  by  Richard  Rujfel,  under  the 
title  of  royal  and  practical  chemiftry.. 

(i)  Opera  omnia  medico-chymica ,  collegia  & 
in  unum  volumen  congefta,  atque  pluribus  audla, 
a  Conr.  Johrenioi  Franco/.  M.  1684.  Folio, 
ibid.  1690. 

Praxis  chymiatrica,  publifh’d  by  Jo.  Mi- 
chaelis,  and  the  author’s  fon  Everh.  Hart* 
mannus.  Lipf.\68 3.  4to.  And  with  the  ad¬ 
dition  of  three  other  pieces,  Gene-v.  1639,  8vo. 
and  1682.  8vo. 

Account  of  Glafer  and  his  Works. 

[k)  Chr.  Glafer  was  apothecary  in  ordinary 
to  the  king  of  France,  and  the  duke  of  Or¬ 
leans ,  and  gave  public  ledlures  on  chemillry 
and  chemical  preparations,  in  the  royal  garden 
at  Paris.  His  book  is  candidly  and  clearly 
wrote,  and  contains  a  little  fyftem  of  chemi¬ 
cal  procefles,  for  making  chemical  medicines 
in  an  eafy  and  effeiftual  way.  He  keeps  clofe 
to  the  defcribitfg  of  fuch  operations  as  him- 
felf  had  frequently  repeated,  without  inter¬ 
mixing  any  foreign  theory.  The  book  is 
fhort,  and  fit  for  beginners.  The  original  was 
printed  at  Paris  in  8vo,  1688.  It  is  alfo 
tranflated  into  Englijb  by  Walter  Harris  M.  D. 
and  fellow  of  the  royal  fociety,  under  the 
tide  of  the  Compleat  chymijl,  or  a  new  treatife 
of  chymijlry  ;  teaching  by  a  Jhort  and  eafy  me¬ 
thod,  all  its  mojl  neceffary preparations.  London 
1677.  ^v0-  ^  was  alfo  publifhed  in  High- 

Dutch,  under  the  title  of  Chemifcker  wegwijer, 
&c.  Jen.  1710.  i2mo. 

Account  of  le  Febure  and  his  Works. 

(/)  “  Nic.  le  Febure  was  royal  profefTor  of 
“  chemiftry,  and  apothecary  to  the  houfhold 
“  to  king  Charles  II.  He  alfo  flourifhed  in 
“the  court  of  France,  as  chemift  to  Louis  XIV. 

“  The  beft  edition  of  his  works  is  that  in 
“  1 2nro-  He  is  highly  to  be  commended, 

“  both  for  delivering  the  art,  with  all  the 
“  procefles,  and  precifely  noting  all  the  mi- 
“  nute  circumftances.  He  is  very  faithful 
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"  and  accurate  in  relating  his  experiments, 
“  and  particularly  careful  in  pointing  out  all 
“  the  dangerous  and  fatal  proceffes  :  but  he 
“  has  this  defett,  that  in  his  reafonings  he 
“  has  too  much  of  the  chemical  fpirit ;  and 
“  talks  too  largely  of  the  virtues  of  his  me- 
“  dicines.  Mr.  Boyle  quotes  him  under  the 
“  charadters  L.  F.  and  mentions  his  ensprimum 
“  of  baulm,  whereby  he  pretended  to  reftore 
“  youth  and  vigour  to  old  worn-out  animals.” 

His  Traite  de  la  chymie  was  tranflated  into 
Englijb  by  P.  D.  C.  Efq;  and  printed  at  Lon¬ 
don  1670,  in  4to,  and  is  entitled,  A  compleat 
body  of  chemiftry,  in  two  parts :  containing 
whatever  is  neceffary  to  be  known  in  this  art3 
with  the  whole  practice  of  it. 

Account  of  Lemery’r  Works. 

(m)  Nic.  Lemery ,  cours  de  chymie,  contenant 
la  maniere  de  faire  les  operations  qui  font  en 
ufage  dans  la  medicine ,  par  une  methode  facile, 
a  Paris  1675,  8vo.  Lyon  1724.  Svo.  In 
Latin,  Gen.  1681.  l2mo.  In  High-Dutch. 
Drefden  1697.  8vo.  In  Englijb  by  Walter 
Harris ,  M.  D.  fecond  edit.  Lond.  1686.  8vo, 
and  fourth  tranflated  from  the  eleventh  edi¬ 
tion  of  the  French.  “  The  beft  edition  of  the 
“original  is  that  of  Paris  in  Svo,  1713, 

“  which  has  many  things  not  in  any  of  the 
“  preceding  ones.  It  contains  the  principal 
“  operations  belonging  to  the  three  king- 
“'doms ;  all  which  are  defcrib’d  with  can- 
“  dour  and  accuracy.  To  each  are  added 
“  notes,  containing  the  phyfical  reafons 
“  thereof :  but  his  reafonings  are  not  to  be 
“  trufted.  He  is  every  where  minute  in  enu- 
“  merating  all  the  circumftances  of  the  pro- 
“  oeffes,  and  particularly  where  any  danger 
“  might  arife. 

“  This  performance  of  his  has  gone  thro’ 

“  many  additions  in  various  languages ;  and 
“  yet  it  is  ill  concerted  for  fuch  as  ftudy 
“  the  art :  he  begins  with  the  very  hardeft 
“  part,  metals  j  a  great  number  of  his  pro- 
“  ceffes  are  merely  calculated  for  the  pre- 
“  paring  of  remedies  ;  and  his  view,  through- 
“  out  the  whole,  is  rather  to  furnifii  the  fhops 
“  with  medicines,  than  to  inftrudt  his  readers 
“  in  the  knowledge  and  grounds  of  chemiftry. 

But  how  hard  is  this,  to  make  an  art  a 
“  drudge  to  phyfic,  which,  in  reality,  is  the 
“  principal  part  of  natural  philofophy  ?” 

Account'  ' 
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57*  (7)  Le  Mort  (#)  in  his  Chymia  medico-fhyfica ,  &c.  Lugd.  Bat.  1696, 
4to. 

58.  (8)  Barchufen  (0)  in  his  Pyrofophia.  Lugd.  Bat.  1698,  4to  (p). 

C  L  A  S  • 


decount  of  M.  Lemery  the  elder. 

1 .  Monf.  Lemery  was  born  at  Rouen  in  1 645. 
He  got  his  firft  notion  of  chemiftry  from  an 
apothecary  of  the  place,  to  whole  care  he 
was  committed :  -but  not  content  with  this, 
he  went  to  'Paris,  and  there  applied  himfelf 
to  Monf.  Glafer.  Afterwards  he  travell’d  for 
improvement ;  and  at  the  end  of  fix  years  re¬ 
turn’d  to  Paris  an  accompliih’d  chemift.  Here 
he  exhibited  his  firft  courfe  of  chemiftry  in 
the  laboratory  of  his  friend  M.  Martin,  apo¬ 
thecary  to  the  prince  of  Coude ;  and  afterwards 
open’d  one  of  his  own,  which  was  foon  re- 
forted  to  both  by  natives  and  foreigners  :  fo 
that  Paris  was  then  the  feat  of  chemiftry. 

2.  He  was  the  firft  who  began  to  diffipate 
the  affeCted  obfeurities  of  chemiftry  ;  reducing 
it  to  more  fimple  and  determinate  ideas, 
throwing  out  a  deal  of  the  jargon,  and  ac¬ 
commodating  it  tothe  tafte  and  philofophy  of 
the  time. 

3.  In  1675,  he  printed  his  courfe  of  chemi- 
firy,  which  was  receiv’d  with  great  applaufe  ; 
and  tranflated  into  feveral  languages.  But  he 
ilill  referved  fome  of  his  fecrets ;  and  is  even 
faid  to  have  contented  himfelf  with  making 
feveral  of  the  operations  more  eafy  than  they 
had  been  ;  without  revealing  the  utmoft  de¬ 
gree  of  facility  he  was  acquainted  with. 

4.  In  1681,  the  religious  troubles  coming 
on,  M.  Lemery,  who  profeffed  the  reformed 
religion,  was  foon  obliged  to  lay  down  his 
eourfes  :  upon  which  the  eleftor  of  Branden- 
bourg  invited  him  to  Berlin ;  but  he  declined 
it,  and  came  over  to  England,  where  he  was 
favourably  receiv’d  by  king  Charles  TI.  But 
matters  not  anfwering  his  expectation  here, 
he  return’d  to  France,  and  took  the  degree  of 
doCtor  in  phyfc  at  Caen ;  but  the  ediCt  of 
Nantz  in  1685  prohibiting  the  practice  of 
phyfic  to.thofe  of  the  religion,  he  was  en¬ 
tirely  ftript  of  all  employment.  Hereupon 
he  embraced  the  Roman  Catholic  faith,  and 
thenceforward  applied  himfelf  to  pharmacy  ; 
and  in  1697  publifti’d  two  large  volumes,  one 
of  them  entitled,  Pharmacopee  urii<verfelle ,  the 
Other  Traite  urtiverfelle  des  drogues  fimples. 

5.  Upon  the  revival  of  the  royal  academy 
in  1699,  he  was  eleCted  officiated  chemif  ; 
and  foon  after,  upon  the  death  of  M.  Bour- 
delin,  penfionary  chemif.  Here  he  read  his 
' Traite  d*  antimonie  at  feveral  times :  after  which 
he  began  to  droop  under  old-age;  fur  render’d 
his  place  in  favour  of  his  fon,  and  died  of  an 
apoplexy  in  1715. 


His  Works. 

6.  Befides  his  pieces  above-mention’d,  there 
are  feveral  papers  of  his  in  the  French  me¬ 
moirs',  viz.  x.  An  explication  of  the  effects 
of  volcano’s,  thunder,  (Ac.  Mem.  de  Plead. 
Royal  de  Scjenc.  An.  1700.  p.  131.  2.  On 

camphije.  An.  1705.#  47-  3-  On  honey, 

ana  its  chemical  analyfis.  An.  1706,  p  352. 

4.  On  cow’s  urine,  (Ac.  An.  1707.  p.  50. 

5.  On  corrofxve  fublimate.  An.  1709.  p.  50. 

6.  Obfervations  upon  an  alchemift  eating  mer- 
curius  dulcis.  An.  1699.  p.  69.  See  alfo  Trait, 
de  P Antimonie,  contestant  P analyfe  chysnique  de 
ce  mineral,  (A  un  recueil  d'usi  grand  notnbre 
cP operations,  &c.  a  Paris  1707.  i2mo.  Ob- 
fervationes  critiques  fur  le  traite  de  P antimonie, 
de  M.  Lemery.  a  Paris  1707.  i2mo.  Repostfe 
de  M.  Lemery  aux  obfervations  critiques  fur  fon 
traite  de  Pantimoine.  Vide  Mem.  de  Trev. 
Dec.  1707.  p.  2084. 

Account  of  Le  Mort. 

(«)  Le  Mort  was  profeflor  of  chemiftry  in 
the  univerfity  of  Leyden,  whom  our  author 
immediately  fucceeded.  He  was  a  good  prac¬ 
tical  chemift,  and  explains  the  operations  of 
the  art  diftindtly,  by  means  of  the  art  itfelf  ; 
of  which  he  was  a  warm  patron,  and  zealous 
defender.  But  many  of  his  procefles  are  fuch 
as  have  long  fince  been  difufed.  He  will  by 
no  means  allow  of  mathematical  and  mecha¬ 
nical  explanations  in  chemiftry  ;  nor  the  doc¬ 
trine  of  attraction ;  and  is  extremely  fevere 
upon  a  very  learned  Englifh  phyfician,  who 
attempted  to  explain  the  operations  of  che¬ 
miftry  by  their  affiftance.  His  works  are  the 
following. 

His  Works. 

1.  J ac  le  Mort  chymiei  verse  nobilitas  & 
utilitas  in  phyfica  cotpufculari,  theoria  medica, 
ejufque  materia  (A  fignis  ad  majoretn  pe rfedl 'to¬ 
ne  m  deducendis. 

2.  Pharmacia  medico-pbyfica ,  rationed  ex- 
perientid  nobilitata. 

3.  Chysnia  medico-phyfica. 

4.  Metallurgia  contrafta  :  to  all  which  are 
fubjoin’d,  ColleQanea  chytnica  Leydenfia,  Sec. 
Lugd.  Bat.  1696.  4to.  wdth  copper-plates.. 

5.  jt  ac  le  Mort  de  concordasitid  ope  rum  na¬ 
ture  (A  chymise.  Lugd.  Bat.  1702.  4to. 

6.  Le  Mort facies  acpulcbritudo  city  mi  at  ab  af- 
feftis  maculis  purificata,  (A  ad  veras  natures  (A 
fua:  artis  leges  exornata.  Lugd.  Bat.  1712.  8vo. 
Vid.  Adi,  Erudit.  Lipf.  1712.  p.  543. 

Account  of  Barchufen. 

( 0 )  “  Johannes  Com adus  Barchufen  was  pro- 

“  feftor 
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CLASS  II.  Metallurgical  Writers. 

59.  In  the  metallurgic  (p)  part  the  principal  writers  are, 

60.  (1)  Geber ,  whofe  writings  have  been  often  reprinted  in  different 
Forms  (q). 

61.  (2)  George  Agricola  de  re  metallica  Lib.x ii.  &c.  Baf.  1657  fr). 

,  -  62. 


“  feflor  of  chemiftry  at  Utrecht ;  and  deferves 
“  well  to  be  read,  as  he  is  an  honeft  writer, 
“  and  fufficiently  accurate ;  and  delivers  good 
“  matter  in  an  excellent  ftyle  ;  tho’  his  rea- 
“  foning  perhaps  may  be  faulty.  His  elementa 

chymia  are  printed  in  4to,  and  contain  fe- 
“  veral  particular  experiments,  and  manual 

operations  no  where  elfe  to  be  met  with.” 

His  Works . 

1 .  Jo.  Conr.  Barchufen  pyrofophia,  fuccinBe 
atque  brew  iter  iatro-chemiam,  rem  metallicam 
if  chryfopceiam perwfigans.  Lugd.  Bat.  1698. 
4to.  with  copper-plates. 

2.  Ac  roam  at  a,  in  quibus  complura  ad  iatro- 
chemiam  atque  phyfcam  fpeBantia,  jucunda  re- 
rum  'varietate  explicantur.  Traj.  Bat.  1703. 
8vo. 

3.  Elementa  chemise,  quibus  fubjunBa  ejl  con- 
feBura  lapidis  philofophici,  imaginibus  reprefen- 
tata.  Lug.  Bat.  1718.  4m. 

[p)  “  By  metallurgy  is  meant  the  whole 
u  art  of  preparing  and  working  metals  from 
“  the  glebe,  or  ore,  to  the  utenfil.  This 
“  part  of  chemiftry,  therefore,  is  employ’d 
“  in  the  finding,  digging,  wafhing,  purifying, 
**  and  melting  of  ores,  and  rendring  of  metals 
“malleable;  and  confifts  of  four  parts:  the 
“  firft  teaches  how  metals  and  ores  grow  in 
*  ‘  the  mine,  how  they  are  difcovered,  and 
“  how  dug,  or  procured :  the  fecond  fhews 
“  how  to  feparate  the  metallic  parts  from 
“  the  other  matters  of  the  ore :  the  third 
“  how  to  reduce  the  feparated  metal  to  its 
“  ftmplicity  and  duftility  :  and  the  fourth  to 
“  mix,  work,  gild,  polifh  the  metals,  and  i- 
“  mitate  the  finer  metals  in  the  coarfer.” 

(?)  See  above,  §.21. 

Account  of  Agricola. 

(r)  “  George  Agricola  was  born  at  Glaucha, 
“  a  town  of  Mifnia,  in  1494,  and  died  at 
"  Chemnitz,  in  1555.  His  work  de  re  metal- 
"  lica,  reprinted  feveral  times  in  folio,  is  a 
"  proof  of  the  author’s  extraordinary  learning 
“  and  experience  :  by  vifiting  all  the  mines, 
“  and  converfing  freely  with  the  miners  in 
“  Germany,  he  got  a  thorough  knowledge  of 
“  the  whole  procefs  of  metals ;  and  from  him 
u  moft  of  the  following  writers  have  taken 
greateft  part  of  what  they  know.  He 
u  wrote  with  the  exadteft  fidelity,  and  in  an 


“  elegant  Roman  ftyle ;  fo  that  we  conftalt 
“  him  in  metallurgy  upon  all  occafions.” 

“  In  the  firft  part  of  metallurgy,  or  the 
“  difcovery  of  metals,  he  is  the  only  author; 
“  he  defcribes  with  great  accuracy  and  mi- 
“  nutenefs,  all  the  arts  and  inftruments  made 
“  ufe  of  to  diicover  mines,  and  to  know  whe- 
“  ther  in  any  given  glebe,  there  be  metal, 
“  and  of  what  kind.  Nor  is  he  defective  in 
“  any  of  the  other  parts.  Several  authors 
“  have  wrote  comments  on  him ;  but  he  is 
“  clear  enough  without  any.” 

His  Writings. 

1.  De  re  metallica  Lib.  xii.  the  beft  edition 
is  that  of  Frankfort ,  containing  a  treatife  de 
re  fodinaria  at  the  end.  See  below  (9.) 

2.  Bermannus,  five  dialogus  de  re  metallica. 
Baf.  1530.  8vo.  ab  accurata  autoris  recogni¬ 
tion  e  &  emendatioue  nunc  primum  editus,  cum 
nomenclatura  rerum  metallicarum.  Lipf.  1546. 
8 vo.  and  Baf  1549.  8vo.  ap.  Froben. 

3.  De  ortu  isf  caufis  fubterraneorum  Lib.  v. 

4.  De  natura  eorum  qua  effluunt  ex  terra. 
Lib.  iv.  Ven.  1553.  folio 

5.  De  natura  fojflium.  Lib .  x. 

6.  De  <veteribus  if  novis  met  alii s  Lib.  ii. 

7.  Explication,  in  High- Dutch,  of  the  terms 
ufed  in  metallurgy.  Baf  1546.  folio,  and 
1558.  fol.  The  fame,  with  the  addition  of 
a  copious  index  :  the  whole  revifed,  diftri- 
buted  into  chapters,  with  the  arguments  of 
each  chapter,  and  illuftrated  with  marginal 
notes,  by  Jo.  Sigifridus.  To  which  are  added, 
obfervations  upon  metallic  matters  and  names; 
from  the  papers  of  Geo.  Fabricius ;  wherein 
chiefly  thofe  particulars  are  treated  of,  which 
Agricola  had  omitted.  Witteb.  1612.  8vo. 

8.  De  aninmntibus  fubterraneis  liber.  Baf. 
1549.  8vo.  and  1556.  fol.  ap.  Froben. — in 
certa  capita  divifus,  if  nonnullis  marginal} - 
bus  exornatus,  a  Jo.  Sigifrido.  Witteberg, 
1614,  8vo. 

9.  De  re  metallica  Lib.  xii.  quibus  ojficia, 
inflrumenta,  Sec.  Twelve  books  on  the  fub- 
jedt  of  metals,  wherein  the  houfes,  inftruments, 
and  machines,  with  every  thing  belonging  to 
metallic  affairs  are  copioufly  deferibed,  and 
reprefented  to  the  eye  by  figures,  inferted  in 
their  proper  places,  with  the  Latin  and  Ger¬ 
man  names  thereof.  To  which  is  added,  the 

H  fame 
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3.  Lazarus  Erckern  %  in  his  Befcbreibung  alter  fumemijlen  miner alifchen  ertz 
&  bergwerks  arten.  Sec.  Franco  f.  1694.  under  the  Title  of  Aula  fubterranea^ 
alias,  Probir-buch  Lazar i  Erker  (s). 

4.  Joan.  Rudolph.  Glauber ,  thro*  all  his  works,  publifhed  at  different  times, 
and  in  various  forms  (/). 


fame  author’s  book,  de  anim  antibus  fubter- 
raneis,  revifed  by  himfelf.  Baf.  1561.  folio. 
To  which  in  a  pofterior  edition  are  added, 
De  animantibus  fubterraneis,  Lib.  i.  De  ortu 
&  caufis  fibterraneorum  Lib.  V.  De  natura 
torum  qua  effiuunt  ex  terra.  Lib.  iv.  De  <ve- 
teribus  ac  novis  metallis  Lib.  ii .  Bermannus, 
Jive  de  re  metallica.  Lib.  i.  Baf.  1657.  fol. 

Account  of  Lazarus  Erckern. 

(r)  “  1.  Laz.  Erckern  was  fuperintendant 
“  of  the  mines  in  Germany,  Hungary,  ’Tran - 
“filvania,  Tyrol,  & c.  to  three  emperors  ; 
“  whence  he  was  furnifti’d  with  a  compleac 
“  flock  of  metallic  knowledge. 

*•*  2.  He  is  an  experienc’d,  candid,  and 
“■  honefl  writer,  relates  nothing  but  what  he 
“  had  himfelf  feen,  without  a  word  of  theory 
“or  reafoning;  and  every  where  fpeaks  as 
“  if  he  were  fitting  before  the  furnace,  and 
“  relating  what  pafled, 

“  3.  His  way  is  thus :  In  Hungary  there  is 
**  fuch  a  mountain ;  wherein  you  have  fuch 
“  an  earth  ;  beat,  or  grind  it  into  powder, 
“  and  wafh  it  in  water,  and  it  will  be  of  fuch 
“  a  colour,  and  weight;  and  will  contain  fo 
“  much  gold,  fo  much  fllver,  fo  much  cop- 
“  per.  In  fuch  manner  he  teaches  how  it  is 
to  be  burnt  or  roafted  ;  what  rules  and 
“  figns  are  to  be  obferv’d  therein  ;  how  the 
“  fire  is  to  be  rais’d  or  diminifh’d,  &c. 

“  4.  He  never  fails  enumerating  every  cir- 
“  cumftance ;  and  always  in  the  moft  open 
4'  artlefs  manner,  and  a  clear  eafy  ftile  ;  add- 
4f  ing  figures  for  farther  illuftration  :  his  book 
®c  was  wrote  in  High-Dutch,  and  printed  in 
“folio:  and  fo  much  valued  by  the  curious, 
that  Mr.  Boyle  laments  his  not  underitanding 
“  that  language,  merely  for  the  fake  of  read- 
"  ing  this  author.  But  it  has  been  fince 
"  tranflated  into  Latin  *,  with  excellent  notes  ; 
“  fo  that  this  Angle  work  might  almoft  fuffice 
“  for  the  whole  art  of  aflaying.” 

5.  The  fame  work  is  tranflated  into  Englijh 
under  the  title  of  Fleta  minor  ;  or.  The  laws 
of  art  and  nature,  in  knowing,  judging,  ajfay- 
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ing,  fining,  refining,  and  enlarging  the  bodies 
of  confined  metals.  To  which  are  added,  ejjays 
on  metallic  words,  illufirated  with  fculptures. 
By  Sir  J.  Pettus,  Lond.  (683.  folio. — But  the 
book  deferv’d  an  abler  translator. 

Account  of  Glauber. 

(t)  “  1 .  J .  Bud.  Glauber  was  a  celebrated 
“  chemift  of  Amfierdam ,  accounted  the  Pa - 
(t  racelfus  of  his  time.  He  had  travell’d  much, 
“  and  by  that  means  attain’d  to  a  great  many 
“  fecrets.  He  wrote  above  thirty  tratts ;  ih 
“  fome  of  which  he  atted  the  phyfician,  in 
“  others  the  adept,  and  in  others  the  metal- 
“  lift.  He  principally  excell’d  in  the  laft ; 
“  and  yet,  even  here,  he  comes  fhort  of  Agri- 
“  cola  and  Erchern,  in  point  of  fidelity,  fimpli- 
“  city  and  exaftnefs  ;  being  ever  forward  to 
“  mix  his  own  fpeculations  and  reafonings 
“  along  with  matters  of  fa  ft. 

f(  2.  He  was  a  perfon  of  eafy,  genteel  ad- 
“  drefs  ;  and  beyond  difpute  well  vers’d  in 
“  chemiltry;  being  author  of  the  fait  ftill  ex- 
“  tantin  thelhops  under  the  title  o fSalGlau- 
“  beri  ;  as  alfo  of  all  the  acid  fpirits  made  by 
“  means  of  oil  of  vitriol,  (Ac. 

“  3.  He  is  noted  for  extolling  his  arcana 
“  and  preparations;  and  is  even  faid  to  have 
“  traded  a  little  unfairly  with  his  fecrets  : 
“  the  beft  of  them  he  would  fell  at  excelfive 
“  rates  to  chemifts,  and  others ;  and  after- 
“  wards  fell  them  over  again ;  oi>  make  them 
“  public  to  increale  his  fame  :  whence  he  was 
“  continually  at  enmity  with  one  or  other. 

4.  It  was  this  Glauber,  who  ftiewed  before 
‘‘  the  States  of  Holland,  that  there  is  gold 
“  contain’d  in  fand  ;  and  made  an  experiment 
“  thereof  to  their  fatisfaftion  :  But  fo  much 
“  lead,  fire,  and  labour  were  employ’d  in 
“  procuring  it,  that  the  art  would  not 
“  bear  its  own  charges  f .  However,  he 
“  Ihew’d  pretty  clearly,  that  there  is  no 
“  earth,  fand,  fait,  fulphur,  or  other  matter, 
“  but  has  its  fhare  of  gold.” 

5.  J.  Bud.  Glauber  was  born  about  the 
beginning  of  the  fixteenth  century  :  he  la¬ 
bour’d 


*  We  have  not  been  fo  happy  as  to  meet  with  this  Latin  tranfiation,  after  a  good  deal  of 
enquiry. 

•f  Dr.  Stahl ,  notwithftanding,  thinks  it  might  ftill  turn  to  account  ;  the  procefs  is  very 
Ample,  and  takes  up  little  time.  All  they  ufe  in  it  is  filver,  fand,  and  litharge ;  and  the 
filver  does  not  wafte  in  the  operation,  but  is  refined  thereby. 
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bour’d  greatly  in  the  pharmaceutical  and  phy- 
fico-mechanical  chemiftry  ;  made  a  multitude 
of  experiments,  which,  if  rightly  underftood 
and  applied,  might  conduce  very  much  to 
the  knowledge  of  the  compofition  and  ana- 
lyfis  of  metals,  fulphurs,  and  falts. 

6.  He  fpent  his  whole  life  in  the  exercife 
of  chemiftry  ;  for  the  practice  of  which  he 
excell’d  all  thofe  of  his  age.  But  he  rarely 
faw  the  ufe  of  his  Own  experiments  ;  applying 
paflages  of  the  ancient  chemifts  to  his  own 
productions ;  and  thence  vainly  pretending  to 
the  difcovery  of  panaceas,  the  philofopher’s 
ftone,  &c.  he  drew  many  into  fnares,  and 
expofed  the  art  to  cenfure  and  reproach. 

7.  In  his  theory  he  is  very  confufed  5  but 
whether  in  the  practice  he  be  guilty  of  fo 
many  fal  (hoods,  as  fome  have  charged  him 
with,  may  be  much  doubted  :  efpecially  if  we 
keep  ftriCtly  to  his  experiments,  without  re¬ 
garding  the  golden  promifes  he  makes. 

His  Works. 

His  writings  are  thefe  : 

1 .  Furni  novi philofophici ,  Sec.  or,  defcription 
of  new  methods  of  diftillation,  &c.  in  High- 
Dutch ,  ],  II,  III,  IV,  and  V  parts.  Amjl.  1648 
— 1650.  8vo. 

2.  Annotations ,  uber  den  appendicen,  See. 
Annotations  on  the  Appendix  to  the  Vth  part 
of  the  philofophical  furnaces,  containing  feve* 
ral  ufeful  fecrets,  Cs5 c.  High-Dutch.  Amti.  1 6co, 
1661. 

3.  La  defcription  des  nouveaux  fourneaux 
philofopbiques,  traduit  par  le  Sieur  du  Teil.  a 
Paris  1659.  8vo. — Fnglijh,  by  J •  F'  M.  D. 
London  1651.  4to. 

4.  Operis  mineralis,  oder  vieler  kunjU'tcken , 
Sec  A  defcription  of  feveral  profitable  metallic 
operations,  &c.  High-Dutch.  I,  II,  III  parts. 
Francf.  1651.  8vo.  and  *655.  4to. 

5.  Operis  mineralis ,  pars  I.  ubi  docetur,  Sec. 
Wherein  is  taught,  the  method  of  feparating 
gold  from  flints,  fand,  clay,  and  other  fof- 
(ils,  byfpiritof  fait.  Amji.  1651.-— -Tranflated 
into  Englijh  under  the  title  of  Glauber ’s  golden 
art,  to  get  gold  from  (tones,  fand,  &c.  8vo. 

6.  - — -  Pars  II  De  ortu  &  origine,  Sc C. 

On  the  origin  of  all  metals  and  minerals ;  how 
they  are  produced  by  the  ftars,  aflame  a  body 
from  water,  earth,  &c.  Amjl.  1652.  8vo. 

7.  - -  Pars  III.  in  qua  titulo  commen- 

tarii,  &c.  Wherein  under  the  title  of  a  com* 
mentary  on  Paracel/us' s  book  called  calum 
philofophorum ,  or  tabula  vexationum,  the  trans¬ 
mutations  of  metals  in  general  are  delivered. 
Am[i.  1652.  8vo. 

8.  Grundliche  warhajftige  befehreihurg,  Sec. 

A  compleat  account  how  to  prepare  tartar  in 
great  quantities  from  wine-lees,  it fc.  Nurinb. 
2652.  8vo. - In  Latin.  Amjl.  1655.  8vo. 


9.  Miraculum  mundi ,  oder  ansfubelicke  beft 
chreibung.  See.  A  compleat  defcription  of  the 
wonders  of  nature,  art,  and  Science,  in  the 
ancient  univerfal  menftruum,  or  mercurius  phi¬ 
lofophorum,  See.  High-Dutch.  Hanau  1653. 8vo. 

10.  Pbarmacopoe#  fpagyricee ,  oder  grandli- 
cher  befehreibung.  Sec.  I,  II,  III,  IV,  V,  VI, 
and  VII  parts.  Nurinb.  1654.  8vo.  and  Amjl. 
1656 — 1667.  8vo. 

—  1  ■  In  Latin.  Amft.  1656.  8vo. 

- -  I,  II,  and  III.  Appendix  to  the  fame, 

High-Dutch.  Amf.  1667,  1668.  8vo. - The 

firlt  part  tranflated  into  Latin.  Amjl.  1660. 
8vo. 

H.  Defs  Teutfchlands  voolfahrt,  Sec.  The 
profperity  of  Germany ,  part  I.  Concerning 
the  concentration  of  wine,  corn,  and  wood, 
& c.  Amjl.  1656.  8vo. 

12.  -  II,  III,  IV,  V,  and  VI.  parts. 

13.  Frojl  der  Scefahrenden,  or  confolation 
of  fea- faring  perfons,  Low- Dutch.  Amjl.  1657. 
8vo. — In  Latin,  ibid.  1657.  8vo. 

14.  Tr a  flatus  de  medicina  univerfali,  five 
auro potabili  vero .  High-Dutch.  Amjl.  1637.  ^vo* 

1 5.  Opera  cbymica ,  Bucher  und  Schrijften, 
Sc c.  Ift  part.  Franc.  M.  1658.  4to. — lid  part. 
Francf.  1658.  410. 

16.  Traflatus  de  natura  falium.  High-Dutch. 
1658.  4W — In  Latin.  Amjl.  1659.  8vo. 

1 7.  Explicatio  uber  mein  miraculum  mundi. 
Amjl.  1658.  Svo. 

18.  Oeuvres  minerales ,  Sec.  a  Paris  1659. 
Svo. 

19.  Ander.  Fheil,  or  fecohd  part  of  the 
Mirac.  mund.  Amjl.  1660.  8vo. 

—  ■’■■■  ■  Continuatio.  Amjl.  1657.  8vo. 

20.  Reichen-Scatz  und  Sammel-Kajlens,  Set , 
A  rich  treafure,  13c.  I,  II,  III,  IV,  and  Vth 

centuries.  Amjl.  1660,  and  t668.  8vo. - III 

and  lid  centuries  in  Latin.  Amjl.  1660,  and 
1661.  Svo. 

21.  Libellus  dialogorum.  Amjl.  1663.  8 VO. 

22.  Explicatio ,  oder  Anfflegung,  Sec.  An 
explication  of  the  words  of  Solomon,  “  in  her - 
“  bis,  verbis,  iff  lapidibus  magna  eft  virtus." 

High-Dutch.  Amjl.  1663.  8vo. - -In  Latin, 

Amjl.  1664.  8vo. 

23.  Libellus  ignium,  oder  feuer-buchlein,  Sec. 
A  treatife  of  fires,  &c.  High-Dutch.  Amft.  1 663 . 
Svo. 

24.  Novum  Iwnen  chymicum.  High-Dutch. 
Amft  1664.  8vo. 

—  — —  In  Latin,  Amft.  1664.  Svo. 

25.  Von  den  dreyen  anfangen  der  met  a  lien. 
Sec.  Of  the  three  principles  of  metal*,  ful- 
phur,  mercury,  and  fait  Amjl.  16 66.  8vo. 

- - In  Latin.  Amft.  1667.  8vo. 

26.  Kurtze  erklarung  uber  die  Hollifche 
Gottin,  Sec.  Explication  of  the  infernal  god- 
defs  Projerpina,  wife  of  Pluto  ;  what  the  phi* 
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5.  Joachim  Becker,  in  his  Metallurgia,  Francof.  1660,  8vo  (u). 


lofophical  poets,  as  Ovid,  Virgil,  and  others 
mean  by  her  ;  and  how  by  Proferpine' s  help 
the  fouls  of  dead  metals  are  deliver’d  from 
the  chemical  hell,  idc.  Amjl.  1667.  8vo. 

27.  De  tribus  lapi dibus  ignium  fecretorum, 
oder  von  den  drey  alleredeljlen  gejieinen,  &c.  Of 
the  three  precious  ftones  produced  by  three 
fecret  fires.  High-Dutch.  Amjl.  1667.  4to. 
and  1668.  8vo. 

z8.  De  Elia  artijia.  High-Dutch .  Amjl. 

1668.  8vo. 

zq.  De  purgatorio  philo fophorum,  High-Dutch. 
Amfl  1668.  3vo. 

30.  Glauberus  concentratus,  oder  laborato- 
rium  Glauberianum.  High-Dutch.  Amjl.  1 668. 

8vo. 

•  - -  Oder  kern  der  Glauberifchen  fchrijf- 

ten.  Sec.  The  kernel  of  Glauber's  writings, 

1  Sec.  in  High-Dutch.  Lipf.  and  Brejl.  1715. 

4to. - Tranflated  into  Latin,  under  the  title 

of  Glauberus  concentratus. 

3 1 .  De  igne fecreto philofophorum.  High- Dutch. 
Amjl.  1609.  8vo. 

3Z.  De  lapide  animali.  High-Dutch.  Amjl. 

1669.  4to. 

33.  Curieufer  tradl  von  gebrauch.  Sec.  A 
curious  tradl  on  the  ufe  of  wines,  corns,  and 
woods.  High-Dutch.  Amjl.  1686.  4to. 

34  His  works,  tranflated  into  Englijh,  by 
Chrift.  Pack.  Lond.  1689.  folio. 

3  5 .  Ararat,  de  Jignatura  falium ,  metallorum, 
iff  planet  arum.  High -Dutch.  Prag.  1703.  8  vo. 

36.  His  whole  works  are  tranflated  into 
Latin  in  feveral  vol.  8vo. 

Account  of  Becher. 

ft]  Jo.  Joach.  Becher,  of  Spire,  was  born 
about  1625,  and  firlt  made  profeflor  of  phy- 
fic,  and  then  firft  phyfician  to  the  eledlor  of 
Mentz ',  and  afterwards  to  the  eledfor  of  Ba¬ 
varia,  and  counfellor  to  the  emperor.  He 
was  a  man  of  great  wit,  as  well  as  learning  ; 
and  flcill’d  in  all  the  parts  of  feience :  as  ap¬ 
pears  by  his  numerous  writings  upon  medical, 
philological,  political,  and  mathematical  fub- 
jedts.  But  his  chief  application  was  to  che 
miftry  ;  of  which  he  made  great  ufe  in  illuf- 
trating  natural  philofophy,  and  difeovering 
the  principles  and  compofition  of  bodies.  He 
lived  fome  time  in  England,  and  died  at  Lon¬ 
don  in  1682. 

2.  He  appears  to  have  been  a  warm,  ac¬ 
tive,  induftrious  man,  and  a  little  too  much 
ting’d  with  alchemical  notions ;  but  was  al- 
moit  the  firll  author  who  applied  chemiftry 
to  philofophy  at  large,  and  Ihew’d  its  exten- 
five  ufes  in  explaining  the  ftrudture,  texture, 
compofition,  and  relations  of  bodies 


6. 

3.  His  theory  is  by  many  preferr’d  to  that 
of  all  other  chemifts,  as  founder  and  deeper. 
He  deduces  all  things  from  water  and  earth, 
as  the  only  material  principles.  The  earthy 
principle  he  (hews  to  be  of  three  kinds ;  that 
is,  he  makes  three  fpecies  of  elementary 
earths.  This  he  chiefly  effedted  in  his  phyfica 
fubterranea ,  where  he  has  fhewn  great  acute- 
nefs,  in  applying  the  principal  and  know* 
experiments  to  the  framing  a  theory  in  the 
way  of  experimental  reafoning. 

His  Chemical  Writings. 

His  chemical  works  are  chiefly  thefe  : 

1 .  lnjlitutiones  chemiee,  feu  manuduftio  ait 
philofophiam  hermeticam.  Mogunt.  1662.  4to. 
— The  fame  with  notes,  and  other  improve¬ 
ments,  publifh’d  by  J.  Jac.  Rofenjlengel.  Franc. 
1705.  umo.  and  1716.  8vo. 

2 .  Oedipus  chimicus,  obfeuriorum  terminorum , 
id  principiorum  chimicorum  my/leria  aperient  id 
refolvens.  Amjl.lL6\.  i2mo. 

3.  ASlorum  labor atorii  chymici  monacenfis , 
feu  phyftcce  fubterranea  libri  ii.  Tran  factions 
in  the  chemical  laboratory  at  Munich,  or  fub- 
terranean  phyfics,  in  two  books.  Franc.  1669. 
8vo.  Lipf.  1681.  8vo. — The  fame,  with  fup- 
plements  from  the  author’s  other  writings, 
colledted  by  G.  Em.  Stahl.  Lipf  1703. 
8vo. 

4.  Experimentum  chymicum  novum ,  quo  arti- 
fcialis  id  injlantanea  metallorum  gene  ratio  id 
tranfmutatio  ad  oculum  demonjlratur.  Francf. 
1671.  8vo.  Alfo  at  the  end  of  th c  phyfica 

fubterranea. 

5.  Demonjl ratio  phikfophica,  feu  thefes  chy- 
miece ,  veritatem  id  poffibilitatem  tranfmuta - 
tionis  metallorum  in  aurum  evincentes ,  Sec. 
Francof.  1675.  8vo.  Alfo  printed  at  the  end 
of  the  phyfica  fubterranea. 

6.  Experimentum  novum  id  curiofum  de  mi - 
nera  arenaria  peipetua.  Sec.  8vo.  Lipf.  1680. 
A  Ho  in  the  phyfica  fubterranea. 

7.  Tripus  hermeticus  fatidicus,pandens  oracula 
chymica  ;  feu,  (1.)  Laboratorium  portatile. 
(2.)  Nitri  id  falis  texture  anatomia.  (3.)  Al- 
phabetum  minerale,  feu  viginti  quatuor  thefes 
de  fubterrancorum  id  mineralium  genefi,  tex- 
tura,  id  analyfi,  Se C.  Francof.  M.  1689. 
8vo*. 

8.  Concordantia  chetnica,  in  High-Dutch,  4tO. 
Not  tranflated  into  Latin  that  we  know  of. 
It  contains  many  infignificant  and  ufelefs  pro- 
cefles  ;  but  at  the  fame  time  many  curious  and 
ufeful  experiments. 

9  Metallurgia ,  oder  naturkundigung  der  me¬ 
tal  len  ;  or  the  phyfiology  of  metals.  High- 
Dutch. 


*  V.  Roth.  Scholtz.  Bill.  Chemic.  p.  91,  122, 
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6.  Joan.  Kunkel,  in  his  Bhilofophia  chimica  experimentis  confirmata.  Am- 
ftelod.  i2mo.  1694  (#). 

7.  Olaus  Borrichius  in  his  Docimaftica  metallic  a.  Hafnise,  1660,  8vo,  & 

1 677,  4to,  &  1680,  4to(^). 

CLASS  III.  Alchemical  Writers. 

In  the  alchemiftic  Branch  the  moft  approved  authors  are,  Authors  in 

1.  Geber whom  neverthelefs  Bernard ,  Count  of  'Trevifay  ranks  among  the  alchemy- 
fophiftical  authors. 

2.  Morienus. 

3.  Roger  Bacon. 

4.  George  Ripley. 

5.  Raymund  Lully  (2). 

62. 


Account  fl/'Kunkel. 

(.*•)  ^<7.  Kunkel,  born  about  the  year  1630, 
was  firil  bred  up  to  pharmacy,  then  to  glafs- 
making  ;  he  was  afterwards  chemift  to  the 
eleftbr  of  Saxony ,  then  to  the  elettor  of  Bran- 
denbourg ,  and  laftly  to  the  king  of  Sweden. 
He  applied  himfelf  to  chemiftry  upwards  of 
fifty  years  ;  whereby  he  arriv’d  at  a  pitch  of 
experience  feldom  met  with-  Having  the  ad¬ 
vantage  of  his  patrons  purfes  for  trying  all 
manner  of  experiments,  befides  being  maker 
of  the  glafs-works,  he  had  opportunities  of 
making  the  moft  tedious  experiments  without 
charge :  Withal  he  was  very  induftrious, 
perfevering,  and  acute  in  noting  the  phseno- 
mena  of  procefTes.  But  for  the  theoretical 
part  he  was  lefs  happy  ;  as  not  being  verfed 
in  philofophy  and  general  kuowledge.  His 
dodlrine  of  principles  is  flu&uating  and  defec¬ 
tive.  He  allowed  not  of  fulphur  in  that  qua¬ 
lity  :  into  which  opinion  he  feems  to  have 
been  led  by  If.  Hollandus. 

His  writings  are  thefe  ;  w. 

1.  Obfervationes  chemise ,  firft  publifhed  in 
High  Dutch,  1676-  and  tranflated  into  Latin 
under  this  title,  "Johannis  Kunkelii  eledl.  Sax. 
cubicularii  intinti  if  cbymici,  utiles  obferva- 
tiones,  Jive  animadverfiones  de  falibus  fixis  iff 
volatilibus,  auro  if  argento  potabili,  fpiritu 
rnundi  if  Jimilibus.  Item  de  colore  if  odore  me- 
tallorum,  mineralium,  aliarumque  rerum  qiue 
in  terra  producuntur ,  &c.  Primum  ab  authore 
Germanice  confcripta ,  nunc  vero  Latinitate  do- 
nata  a  Carolo  Aloifio  Ramfaio,  Londin.  Sc  Rot- 
terodam.  1678.  izmo. 

- - The  fame,  under  the  title  of  phi- 

lofophia  chemica,  experimentis  confirmata.  Amjl. 
1694.  1  2mo. 

2.  On  phofphorus,  High-Dutch.  Lipf.  1678. 
8  vo. 

3 .  De  acido  if  urinofo ,  fate  calido  if  fri~ 
gido ,  Sec.  Berl.  1686,  8vo. 


4.  Art  of  glafs,  or  commentary  on  Ant.  Neri, 
in  High-Dutch.  Franc,  and  Lipf.  1689.  4to. 
A  curious  work,  which  we  expeft  to  fee  foon 
publifh’d  in  Englijh,  by  a  very  able  hand. 

5.  Collegium  phyfico-chymicum  experimental  ; 
five  laboratorium  chymicum ,  See.  Hamb.  Sc 
Lipfic.  1722.  8vo.  High-Dutch.  A  pofthumous 
work. 

Account  of  Borrichius  and  his  Writings. 

(y)  Olaus  Borrichius  was  born  in  1626. 
He  was  phyfician  to  the  king  of  Denmark,  and 
public  profeftor  in  the  univerftty  of  Copen¬ 
hagen.  He  had  travell'd  much,  was  an  ex¬ 
cellent  fcholar,  and  a  great  operator  in  che- 
miftry.  He  is  famous  for  the  difpute  he 
held  with  the  learned  Conringius,  concerning 
the  knowledge  of  the  Egyptians,  and  the  an¬ 
tiquity  of  chemiftry,  its  inventors  and  authors. 
His  writings,  befides  that  above-mention’d, 
are  chiefly  thofe  fo  often  quoted  in  this  work, 
viz. 

1.  De  ortu  if  pro^reffu  chemise  dijfertalio. 
Hafn.  1668.  4to.  And  in  Mangeti  Bibl.  Chym. 

2.  01.  Borrichii,  Her  met  is,  AUgyptior.  if 
Chemicor.  fapientia,  ab  Herm.  Conringii,  ani- 
madverfionibus  vindicata.  Hafn.  1669.  4to. 

3.  Confpedlus  ficriptor.  chemicor.  illuftr.  libel * 
lus  pofi humus.  Haun.  1697.  4to.  and  in  Mang. 
Bibl.  Chym. 

For  other  pieces  of  his,  fee  the  Adi.  Hafn. 
See  alfo, 

4.  Herman.  Conringii  de  hermetic  a  medicind, 
libri  duo,  quorum  primus  agit  de  medicind ,  pa- 
riterque  omni  fapientia  veterum  JEgyptiorurtl  : 
altero  non  tantum  Paracelfi  fed  etiam  chemicorum 
Paracelfi  laudatorum,  aliorumque  potiffmum 
quidem  medicina  omnis,  fimul  vero  if  reliqua 
do  fir  in  a  examinatur.  Helmfi  1648-  4to.  A 
fecond  edition,  correfted  and  enlarged  with 
an  apologetic  againft  Borrichius.  1669.  /}to. 

(x)  For  the  charafters  and  writings  of  thefe 
five  authors,  fee  above  §•  22,  Z4,  25, and  27. 


54 


The  Hiftory  of  Chemistry. 

6 2.  (6)  Bernard  count  of  Trevifa  •,  who  wrote  in  the  year  1453  ( a ), 

63.  (7)  JWw.  Ifaac  Holldndus ,  who  perhaps  was  the  fame  with  the(£)  fol¬ 
lowing. 

64.  (8)  Hollandus ,  who  was  poflerior  to  Arnoldus  de  la  Villa  mvat 
but  earlier  than  Paracelfus.  He  was  fo  highly  efteemed  by  Penotus 5  that 
(being  difcovered  in  fome  corner,  in  Paracelfus^  time)  he  took  him  for  Elia is> 
the  promis’d  artift,  who  is  to  reveal  the  fecrets  of  chemiftry  (c). 

65.  (9)  Bafil  Valentine ^  (d)  in  his  Chymifche  fchrifften.  Hamburg,  1694, 
Svo(e). 

66.  (10)  Artephius  (/). 

67 .  ( 1 1 )  Theatrum  chymicum  (g) . 

68.  (12)  Turba  Philofophorum  {h) . 

6y.  (13)  Paracelfus  (/),  See  his  opera  omnia,  Lat.  Genev.  1658,  2  vol.  Fol. 
— In  High-Dutch ,  Strasb.  1603,  2  vol.  Fol. — In  High-Dutch ,  Strasb.  1616, 
2  vol.  Fol. 

70.  (14)  Iren  ecus  Philaletha  (k). 

Account  of  Bernard  of  Trevifa. 

[a)  Bernard  count  of  Trevifa,  fiourifhed 
about  the  year  i  390  ;  and  was  intimate  with 
Thomas  Bononievfis ,  firft  phyfician  to  Charles 
the  VUIth  king  of  France  :  to  whom  he  wrote 
an  alchetniftica.1  epiftle*. 

(b)  (c)  Vid.  Libav.  Alchirn.  Pharmaceut. 
p.  122. 

[d)  For  the  character  of  thefe  three  authors 
fee  above,  29,  30. 

[e)  Alfo  Hamburgh.  1677.  8vo.  ibid.  1717. 

8vo.  with  figures. 

[f)  Artephius  and  Morienus  are  ufually  fup- 
pofed  prior  to  Roger  Bacon ;  but  the  age,  or 
even  country,  where  they  lived  is  not  known. 

The  former  is  firmly  believ’d  by  the  adepti  to 
have  prolong’d  his  life  to  a  thoufand  years  -f\ 

{g)  Theatrum  chcmicum  in  fex  vol.  divifum. 

Argent.  1613,  1622,  1661.  8vo.  A  lift  of 
the  pieces  contain’d  in  the  feveral  volumes  of 
this  colle&ion,  being  one  hundred  twenty- 
three  in  number,  is  given  in  Endteri  Catal. 

Libror.  Med.Pkyf.  Mathem.  Norib.  1695.  4tG' 
p.  137— 140. 

(h)  Turba  philofopho  rum.  Jive  auriferee  artis 
antiquif/imi  author es.  iii.vol.  1510,  1562,1610. 

8vo.  In  it  are  contain’d  thirty- two  pieces,  a 

•  See  “Juncker .  Confp.  Chem.  p.  1  7.  See  alfo  Bern.  Com.  Trevifa,  de  chymico  miraculo  quod 
lapidem  philofophice  appellant.  Dionyf.  Zacharias  Gallus  de  eodem  :  Cum  annotationibus  Nicolai 
Flame lli,  auSloritatibus  variis  principum  hujus  artis,  Democriti,  Geberi,  Lullii ,  Villanovani , 
eonfirmatce  IA  illujlrata,  per  Gerard.  Dorneum.  Baf.  1600.  8vo.  ibid.  1583.  8vo.  Vid.  J. 
Roth-fcholtz  Bibl.  Chem.  p.  26.  feq.  This  is  alfo  extant,  under  the  title  of,  Nicolai  Flamelli 
annotationes  chymicte  ex  Democrito,  Gebero,  See.  printed  in  the  Theat.  Chym.  Urfell.  Tom.I. 
p.  848.  In  Mangefs  Bibl.  Chym.  p.  350.  We  find  the  fame  under  the  title  of  Nicolai  Fla¬ 
melli  Galli,  Commentarius  in  Dionyjii  Zacharii  ofufculum  chymicum.  Vide  Roth-fcloltz.  Bibl. 
Chym.  p.  79. 

4  Junck.  Confp.  Chem .  p.  16. 
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lift  of  which  is  given  in  Endter,  ubi  fupra. 

P-  H4 

(i)  See  an  account  of  him  and  his  writings 
above,  p.  37 — 40. 

Account  of  Irenseus  Philaletha  and  his 
Works. 

\k)  There  are  feveral  alchemical  books  pub  - 
lifhed  under  the  name  of  Philaletha  ;  the  firft 
anonymous  Philaletha  is  faid  to  have  been  an 
Englifhman,  and  his  true  name  Thomas  Vaughan: 
tho’  in  fome  of  his  works  he  calls  himfelf 
Irenaus ,  and  in  others  Eugenius  Philaletha. 
He  is  famous  for  having  render’d  Van  Suckten, 
Sendivogius,  and  d'ETpagnet  clearer,  in  his 
writings ;  which  are  chiefly  thefe  :  1 .  Introi- 
tus  apertus  ad  occlufum  regis  palatium.  z.  Bre¬ 
vis  manuduttio  ad  Rubinum  ca’lejlem.  3.  Fons 
chemicte  veritatis.  4.  Metallorum  met  amor - 
phofis.  5.  V ade  mecum  philofophicum.  6.  Ex¬ 
periment  a  de  preeparatione  mercurii  fophici.  7. 
Nucleus  alchemia.  But  tho’  this  author  is 
faid  to  write  with  great  clearnefs,  yet  his  fol¬ 
lowers  differ  widely  from  one  another.  See 
alfo, 

8.  Eug.  Philalethes,  Euphrates,  or  the  wa¬ 
ters  of  theeaft,  treating  of  the  fecret  fountain, 
whofe  water  flows  from  fire,  and  carries  in  it 
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71.  (15)  Michael  Sendivogius  (l). 

72.  ( 16 )  John  Baptifia  van  Helmont  5  opera  omnia.  Amftelod.  1652, 
4to  ( m ). 


CLASS  IV.  Chemical  Improvers  of  Natural  Philofophy  and  Phyfic. 


73.  Among  the  writers  who  have  treated  of  chemiftry  with  a  view  tona-  Writers  in 
tural  Philofophy  and  medicine,  the  chief  are  thefe  j  pbtlofopbica 

1.  Thefam l Helmont.  . 

2.  The  honourable  Robert  Boyle  Efq;  thro*  all  his  writings  (n). 

3* 


the  beams  of  the  fun  and  moon.  London  1665. 
8vo. 

9.  Anima  tnagica  abfcondita :  or  a  difcourfe 
of  the  univerfal  fpirit  of  nitre ;  with  the  ftrange 
abftrufe  miraculous  afcent  and  defcent :  pub- 
lifh’d  together  with  his  Antbropofopbia  magica. 
London  1656. 

1  o.  Secrets  reveal’d,  or  an  open  entrance 
to  the  fhut  palace  of  the  king ;  containing  the 
greateft  treafure  in  chemiftry,  by  Ireneeus  Phi- 
lalethes,  Cofmopolita;  who  attain’d  to  the  phi¬ 
losopher's  ltone,  aged  twenty-three  years. 
Publifh’d  by  W.  C.  Efq;  London  1669. 

1 1 .  Enarratio  metbodica  trium  Geberi  medi- 
cinarum,  in  quibus  continetur  lapidis  philofopbici 
vgta  confettio.  Amji.  1678.  8vo. 

12  A  collection  of  ten  treatifes  in  chymi- 
ftry,  concerning  the  liquor  alkaheft,  the  mer¬ 
cury  of  the  philofophers,  and  other  curioft- 
ties  ;  written  by  Ireneeus  Pbilaletba ,  Helmont, 
&c.  Land.  1684.  8vo*. 

Account  of  Sendivogius. 

(/)  Sendivogius  was  companion  to  Alex  and. 
Sidonius,  or  Serenus,  a  Scotch  gentleman,  who 
being  near  the  point  of  death,  intreated  two 
things  of  him  :  to  take  care  of  the  publication 
of  his  MSS  ;  and  to  marry  his  widow.  Sendivo¬ 
gius  perform’d  both  ;  but  in  the  edition  of  his 
works,  fuppreffed  Serenus' s  name,  and  clapp’d 
his  own  in  its  place.  The  titles  of  his  pieces  are, 

1.  Novum  lumen  cbemicum.  A  new  chemi¬ 
cal  light. 

2.  Dialogue  de  mer curio  Cff  alchemia.  A  di¬ 
alogue  of  mercury  and  alchemy. 

In  thefe  he  maintains,  with  great  ftrength 
•f  reafon  and  experiment,,  that  Sulphur  and 
mercury  united,  are  the  conftituents  of  every 
metal  ;  by  Sulphur  meaning  with  Geber  the 
fun’s  rays  :  however,  his  writings  fhould  be 
read  with  caution  ;  being  full  of  vain  promifes. 
His  novum  lumen  cbemicum  is  done  into  Eng- 
glijb ,  and  entitled  A  nevo  light  of  alchemy, 
from  nature  and  manual  experience  :  with  a 
treatife  of  fulphur .  Po  vuhich  are  added,  nine 
books  of  the  nature  of  things ,  by  Phil.  Theoph. 


Parac.  Englifh’d  by  J.  F.  M.D.  Land.  1674 
8vo. 

(m)  Fan  Helmont  opera  medica.  1682.  410. 
containing  1 1 8  different  pieces  f . 

Account  of  Mr  Boyle. 

“  (»)  1.  The  honourable  Robert  Boyle  Efq; 
“  that  prodigy  of  knowledge,  excels  not  lefs 
“  as  a  chemift,  than  as  a  natural  philofopher. 
“  His  character  is  one  of  the  moft  amiable 
“  in  the  world  ;  no  body  ever  made  more  ex- 
“  periments,  or  with  more  care  and  caution 
“  than  he ;  nor  does  any  body  relate  the  e~ 
“  vents  thereof  with  greater  candour  and  fi- 
*f  delity.  He  is  ever  wary  and  referved  in 
“  drawing  conclufions  from  his  experiments ; 
“  and  rarely  concludes  too  much.  He  held 
“  a  very  amicable  correspondence  with  all 
“  the  chemifts,  and  other  virtuofi  of  his  age  ; 
“  and  thus  effected  a  kind  of  commerce,  or 
“  communication  of  Secrets.  Add,  that  he 
“  was  always  perfectly  frank  in  imparting 
“  what  he  had  learnt,  or  discover’d,  to  the 
“  public. 

“  2.  He  gives  abundance  of  good  things 
“  relating  to  fojjils,  their  origin,  feparationj 
“  preparation,  purification,  and  the  ways  of 
“  fitting  them  for  human  ufes ;  and  the  Same 
“  he  has  done  with  refpeCt  to  vegetables :  but 
“  he  is  chiefly  to  be  admir’d  for  what  relates 
“  to  animals,  and  the  analyfis  of  their  parts ; 
“  in  which  he  follow’d  the  path  trod  by  Hel- 
“  mont,  in  his  book  de  lithiafi.  A  noble  in- 
“  ftance  hereof  we  have  in  his  hiftory  of  hu- 
“  man  blood ;  which  contains  many  moft  va- 
“  luable  and  exquifite  things ;  and  on  every 
**  occafion  he  endeavours  to  found  his  rea- 
“  fonings  on  experiments.  His  treatifes  of 
“  the  unforefeen  failure  of  experiments,  and 
“  Jceptical  chemift,  fhew  his  great  modefty  and 
“  moderation ;  and  how  far  ne  was  from  that 
“  common  vice  of  the  chemifts,  boafting,  and 
“  promifing  more  than  he  could  perform. 

“  3.  He  is  author  of  a  vaft  number  of 
“  pieces,  all  compofed  in  the  Same  Spirit. 
“  They  are  So  many,  and  printed  So  fepa- 

“  rately 


*■  See  Wood? s  Athena  Oxon .  T.  2.  p.  368. 


V.  Endter.  Catal.  p.  62..  Seq. 
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3.  Jo.  Bohnius ,  in  his  Dijfert.  chymico-phyftca.  Lipf.  1696  (o'). 

4.  The  celebrated  Dr.  Cox  (p)  and-  Dr.  Blare  (j)  in  feveral  papers  in  the 

Philofoph.  Tran  faff.  * 

5.  M.  Homberg  (r),  Geoffroy  (s\  and  the  younger  Lemery  (/)  in  the  me¬ 
moirs  of  the  royal  academy  of  fciences. 


“  rately,  that  it  is  exceedingly  difficult  to  pro- 
“  cure  a  compleat  col'e&ion.  His  ftyle  is  a 
“  little  loofe  and  diffufive  ;  and  the  courfe  of 
“  his  writings  fometimes  interrupted  with  di- 
“  greffions,  and  particularities  not  very  ef- 
“  lential  *. 

“  4.  One  objection  is  made  to  him  in  his 
“  chemical  character,  viz.  that  taking  the 
“  virtues  of  his  preparations  on  the  report  of 
“  other  people,  he  commends  fome  oi  them 

too  much,  and  attributes  virtues  to  them 
"  which  experience  does  not  warrant.  For, 
“  as  he  did  not  practife  phyfic  himfelf,  his 
“  way  was,  upon  making  any  new  prepara- 
“  tion,  to  give  it  fome  phyficians  to  make 
4f  trial  thereof ;  and  they,  it  feems,  out  of 
44  complaifance,  would  fpeak  more  laigely  of 
44  it  than  it  deferv’d.  Hence  thole  pro- 
14  fufe  commendations  he  bellows  on  the  fpirit 
44  of  human  blood  and  hart’s-horn  in  pleuritic 
“  and  phtifical  cafes,  and  on  the  ens  V eneris 
84  in  the  rickets. 

“  5 .  As  to  the  point  of  credulity  commonly 
“  charg’d  on  Mr.  Boyle,  there  does  not  feem 
“  to  be  any  foundation  for  it :  no  body  en- 
“  quires  into  things  more  feverely,  or  fpeaks 
44  of  them  more  dubioufly  than  he.  Indeed, 
“  a  long,  and  intimate  acquaintance  with  the 
44  writings  of  Paracelfus  and  Helmont  might 
“  poffibly  have  fome  effedl  on  the  bent  of  his 
44  mind  ;  and  induce  him  to  give  too  much 
"  credit  to  many  of  the  arcana  they  pretend 
44  to :  and  the  more  fo,  confidering  the  great 
11  number  of  ftrange  incidents  and  events 
“  which  had  fallen  within  his  own  obfer- 
44  vation.” 

(0)  “  John  Bohn  was  profeilor  at  Leipjic 
44  in  1  679  :  the  differtations  above-cited,  be- 
“  fides  an  uncommon  reading,  fhew  that  he 
44  had  made  a  large  number  of  experiments. 
44  And  as  to  his  reafonings  no  body  goes  be- 
44  yond  him.  His  treatife  de  acido  &  alkali 
“  is  excellent ;  and  has  let  much  light  into 
44  the  affair.” 

Account  of  Dr.  Cox's  Papers. 

[p)  Dr.  Daniel  Cox,  an  eminent  phyfician, 
and  very  able  chemift,  has  wrote  fome  cu¬ 
rious  papers,  tending  to  improve  the  art  of 
chemiltry ;  the  principal  of  which  are  the 
following,  to  be  found  in  the  philofophical 


6. 

tranfattions ;  viz.  i .  On  the  pre-exiftence  of 
alcalizate  or  fix’d  fait  in  any  fubjett  before 
its  being  expofed  to  the  fire;  fhewing  alfo 
that  alcalizate  falts  do  not  differ  from  each 
other.  Phil.  Tranf  N°  107.  p.  150.  2.  Of 

the  volatile  fpirit  and  fait  of  vegetables.  Phil. 
Tranf.  N°.  ici..  p.  4.  3.  The  identity  of  all 

volatile  falts  and  vinous  fpirits ;  with  two  ex¬ 
periments  of  vegetable  falts,  perfectly  refem- 
bling  the  fhape  of  the  plants,  whence  they 
had  been  obtain’d.  Phil.  Tranf  N°.  108. 
p.  169. 

Account  of  Dr.  Fred.  Slare’s  Papers. 

{q)  Dr.  Fred.  Slare,  another  eminent  phy- 
fician  and  chemift,  has  wrote  feveral  fmall 
pieces  upon  chemical  fubjeds,  viz.  1.  Expe¬ 
riments  made  with  the  liquid  and  folid  phof- 
phorus.  apud Hook.  Phil.  Colleft.  N°.3.  p.48. 
2.  A  continuation  of  the  fame.  ibid.  N°.  4. 
p.  84.  and  Phil.  Tranf.  1685.  3.  On  the  ac- 

cenfion  of  fluids,  Phil.  Tranf.  N°.  150.  p.  289. 
4.  Examination  of  ftones  from  the  human  body. 
IN'0.  182.  p.  140.  5.  Of  fire,  flame,  and  ex- 

plofion,  by  mixing  two  cold  liquors,  N°.  213. 
p.  201.  6.  Experiment  of  accenfion  and  ex- 

ploflon  in  vacuo,  ibid,  p.212.  7.  Experi¬ 

ment  on  the  change  of  colour,  from  a  pale, 
tranfparent,  or  clear  liquor,  to  a  very  blue 
one  in  an  inftant,  by  the  admiffion  of  the  air 
only.  N°.  204.  p.  898.  8.  Examination  of 

chalybeate  or  ^/^au-waters,  called  acidula  j 
proving  them  to  be  alkaline.  N°.  337.  p.247. 
9.  On  the  nature  and  virtues  of  Pyrmont - 
waters.  N°  351.  p.  564.  10.  Experiments 

and  obfervations  on  Bezoar-Q. ones ;  with  a  vin¬ 
dication  of  fugar.  London  1715.  8vo.  and  Phil. 
Tranf.  N°.  337.  p.273. 

Account  of  M.  Homberg. 

(;•)  1.  M  Homberg  was  born  at  Batavia, 
in  the  Eafi -Indies,  in  >652;  whence  he  came 
over,  with  his  father,  to  Amferdam.  He  was 
fent  to  Jena  and  Leipfc  to  ftudy  law ;  but 
negle&ing  this  for  what  was  more  agreeable 
to  his  genius,  he  applied  himfelf  to  Otto  Gue¬ 
ricke,  famous  for  the  invention  of  the  air- 
pump,  the  hemifpheres,  &c.  to  learn  experi¬ 
mental  philofophy. 

2.  From  hence  he  went  to  Padua,  where 
he  fpent  a  year  in  the  ftudy  of  medicine, 
and  particularly  anatomy  and  botany.  Af¬ 
terwards 


*  In  the  late  abridgment  of  his  works  in  three  volumes  in  quarto,  ’tis  to  be  hoped  all 
thefe  inconveniences  are  removed. 
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forwards  he  travel  I’d  to  Bolognia  and  Rome ; 
hence  paded  into  France ,  and  thence  into  Eng¬ 
land ,  where  he  work’d  fome  time  with  the 
great  Mr.  Boyle.  From  England  he  went  to 
Holland ,  where  he  perfected  himfelf  in  ana¬ 
tomy  under  the  famous  De  Graeff,  and  ladly, 
took  the  degree  of  dottor  of  phyfic  at  tVit- 
tembourg. 

3.  Afterwards  he  made  a  tour  thro’  Ger¬ 
many  and  the  north  ;  and  likewife  through 
Saxony,  Bohemia,  Hungary,  and  Sweden,  to 
view  the  mines.  At  Stockholm  he  (laid  fome 
time,  and  work’d  in  the  king’s  laboratory. 
His  next  remove  was  into  Holland \  and  thence 
into  France,  to  pick  up  what  had  before  ef- 
cap’d  him. 

4.  From  Paris,  at  the  earned  defire  of  his 
father,  he  was  upon  the  point  of  returning  to 
Saxony,  to  fettle  among  his  friends  :  but  M. 
Colbert  fending  a  meflenger  to  him  in  the 
king’s  name,  with  very  advantageous  offers  to 
fettle  there,  he  accepted  them  after  a  fhort  deli¬ 
beration,  and  commenc’d  Catholic  in  1682. 

5.  In  1685  he  went  to  Rome ;  and  prac¬ 
tis’d  phyfic  there,  with  good  fuccefs  :  but  in 
a  few  years  he  return’d  to  Paris ;  and  in 
1691  was  chofe  a  member  of  the  royal  aca¬ 
demy,  and  put  in  pofTeflion  of  its  laboratory. 
In  1702  he  indru&ed  the  duke  of  Orleans  in 
chemiflry;  the  mod  magnificent  and  bed  ap¬ 
pointed  laboratory  which  chemidry  had  ever 
known,  being  provided  for  this  purpofe.  The 
fame  year  his  Highnefs  procur’d  M.  de  Ffchirn- 
haufen's  large  burning-glafs  from  Germany, 
of  which  M.  Homberg  made  a  noble  ufe.  He 
married  a  daughter  of  the  famous  Dodart  in 
1706  ;  and  in  1715  died  of  a  dyfentery. 

6.  He  never  publifh’d  any  exprefs  work, 
or  volume  in  form  :  His  ejfays,  or  elements  of 
themijlry  were  begun  to  be  printed  in  the  me¬ 
moirs  of  the  academy  j  and  the  red  of  them 
were  found  fit  for  the  prefs  at  his  death. 
There  are  likewife  feveral  leder  pieces  on  va¬ 
rious  fubjetts,  difperfed  throughout  the  fame 
memoirs :  none  of  which  but  open  new  views, 
and  fhine  with  their  peculiar  light.  His  way  of 
exprefling  himfelf  was  Ample,  precife  and  me¬ 
thodical  ;  and  he  was  as  far  from  the  natural 
odentation  of  the  chemids,  as  from  their  my- 
Iterioufnefs  and  obfcurity, 

“  7.  M.  Homberg  was  a  mod  expert  and 
“  maflerly  chemid.  He  has  didinguifh’d  him- 
'*  felf  by  a  great  number  of  general  experi- 
“  ments,  as  well  as  by  his  reafonings ;  which 
“  are  always  perfectly  fine  and  clear,  and  con- 
“  dufted  with  mathematical  feverity.  Na- 
“  tural  philofophy  would  have  receiv’d  confi- 
**  derable  improvement  from  him,  had  his 
"  life  bfcen  continued.  He  was  a  perfon  of 
*f  great  genius,  profound  fkill,  and  indefati¬ 


gable  indudry  :  he  was  fupported  by  the 
duke  of  Orleans,  late  regent  of  France ;  and 
per  form’d  experiments  at  his  expence ;  which 
“  ga're  him  an  opportunity  of  trying  many 
“  things  out  of  the  reach  of  a  private  per- 
“  fon.” 

His  Writings. 

Many  of  his  pieces  are  only  given  in  ex¬ 
tract  by  M.  Fontenelle  in  the  hiitory  of  the 
royal  academy. 

His  other  chemical  writings  are  the  fol¬ 
lowing  : 

1.  The  method  of  making  the  phofpherut 
ardens  of  Kunkel.  Mem.  de  t  Acad.  Rcyale  dcs 
Sciences,  an.  169 z.  p.  ioti 

2.  Experiments  on  phofphorus.  ib.  p.133. 

3.  O11  metalline  vegetations,  ib.  p.  209. 

4.  A  method  of  extracting  a  volatile  acid 
fait  in  a  dry  form.  ib.  p.  253. 

5.  On  the  infufion  of  antimony,  ib.  an.  16931 
p.  217. 

6.  A  new  phofphorus.  ib.  p.  £70. 

7.  On  an  extraordinary  event  in  cupelling 
gold.  ib.  p.  240. 

8.  On  the  quantity  of  acid  falts  in  different 
acid  fpirits.  ib.  an.  1699.  p.69. 

9.  On  examining  the  falts  of  plants,  ibi 
p.  101. 

10.  On  the  quantity  of  acids  abforbed  by 
terredrial  alcalies.  ib.  an.  1700.  p.  81 . 

1 1 .  On  the  diffolvents  of  mercury,  ib. 
p.  245. 

1  2.  On  the  oils  of  plants,  ib.  p.  266. 

13.  On  the  acid  of  antimony,  ib.  p.  381. 

14.  On  the  refining  of  Alver.  ib.  an.  ijoi. 

P-  5*-  . 

1$.  On  the  effects  of  fermentation,  ib. 
p.  1  24. 

16.  On  the  analyfes  of  plants;  ib.  p.148. 

17.  On  the  volatile  falts  of  plants,  ib. 
p.  288. 

18.  Chemical  effays  on  the  Principle  fait; 
ib.  1702.  p.  43. 

19.  Attempt  to  analyfe  common  fulphur. 
ib.  1703.  p.  36. 

20.  On  a  medicated  cup  from  Siam.  ib. 
p.  62. 

21.  On  the  principle  fulphur.  ib.  an.  1704. 
p.  1 1 7.— -The  fequel  of  the  fame.  ib.  an.  1 706= 

p.  127. 

22.  On  a  diffolution  of  Alver.  ib.  an.  1706, 
p.  127. 

23 .  On  the  vitrification  of  gold  by  the  burn- 
ing-glafs.  ib.  an.  1707.  p.  50. 

24.  On  acids  and  alcalies.  ib.  an.  1708. 
p.  403. 

25.  Chemical  eflay  on  mercury,  ib.  an, 
1709.  p.  133. 

26.  Of  the  effefts  which  certain  acids  have 
on  volatile  alcalies.  ib.  p-  463. 
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27.  On  fulphureous  matter?.  ib.  an.  1710. 

P  3°2- 

28.  On  artificial  vegetations,  ib.  p.556. 

29.  On  the  fecal  matter,  ib.  an.  1711. 
p.49.  Continuation  of  the  fame.  ib.  p.  307. 

30.  On  the  colour  of  bodies  in  fufion.  ib. 

p .21. 

31.  On  acids  in  the  blood  of  animals,  ib. 

an.  1712.  p.  9. - The  fequel  of  the  fame. 

ib.  p.  349- 

32.  On  a  reparation  of  gold  from  filver  by 
fufion.  ib.  an.  1713.  p-  87. 

33.  On  a  fublimation  of  mercury,  ib.  p.  354. 

34.  On  matters  which  penetrate  metals, 
without  difiolving  them.  ib.  p.409. 

35.  On  the  vegetation  of  the  fix’d  falts  of 
plants,  ib.  an.  1714.  p.240. 

Account  of  Dr.  Geoffroy. 

(s)  1 .  Stepb.  Franc.  Geoffroy  was  born  at 
Paris  in  1672.  His  father  was  an  apothe¬ 
cary,  and  his  mother  a  furgeon’s  daughter. 
H  is  father  fpar’d  no  pains  nor  expence  in  his 
education  ;  tho’  he  defign’d  him  only  for  the 
fhop  ;  as  well  knowing  that  a  large  fhare  of 
knowledge  was  required  to  arrive  at  any  tole¬ 
rable  perfection  in  pharmacy.  To  the  ftudy 
of  philofophy  in  general,  M'.  Geoffroy  join’d 
private  courfes  of  botany,  chemiftry,  and  a- 
liatomy. 

2.  In  1692  his  father  placed  him  with  an 
eminent  apothecary  at  Montpelier ;  and  during 
his  flay  there  he  diligently  attended  the  uni- 
verfity  leflures,  in  all  the  branches  of  medi¬ 
cine  ;  but  the  materia  medica  was  his  favou¬ 
rite  ftudy.  In  1693,  he  pafs’d  through  the 
ufual  examination  for  pharmacy,  with  ap- 

.  plaufe  ;  and  now  firft  imparted  to  his  father 
his  defign  of  being  a  phyfician  ;  and  obtain’d 
his  confent.  Accordingly,  the  fecond  fon, 
whom  his  father  had  defign’d  for  that  profef- 
fion,  was  fent  into  the  fhop,  inftead  of  his 
brother  ;  and  is  now  one  of  the  chemifts  to 
the  French  academy. 

3.  In  1698,  Count  Fallard being  appointed, 
ambaffador  extraordinary  to  England ,  took 
M.  Geoffrey  with  him-,  as  his  phyfician,  tho’ 
he  had  then  taken  no  degree  in  phyfic.  There 
he  became  acquainted  with  many  of  the  learned 
men  of  that  nation,  and  negledled  no  means 
of  making  improvements ;  and  in  lefs  than 
fix  months  he  was  admitted  a  member  of  the 
royal  fociety.  From  England  he  palled  into 
Holland ;  and  in  1 700  travell’d  into  Italy  with 
the  Abbe  Louvois,  in  quality  of  his  phyfician: 
every  where  making  farther  observations, 
and  increafing  his  flock  of  knowledge.  In 
1699  he  was  made  a  member  of  the  royal  a- 
cademy  of  fciences ;  and  in  that  capacity  con- 
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tributed,  as  far  as  his  other  employment?  would, 
allow,  to  its  ornament  and  ufe. 

4.  In  1702,  he  took  his  degree  of  batchelor 
of  phyfic,  and  in  1704  that  of  doflor,  at 
Paris :  after  which  he  applied  himfelf  clofely 
to  his  ftudies,  the  better  to  fit  him  for  prac¬ 
tice.  In  1707,  M.  Fagon,  phyfician  to  the 
king,  made  him  his  deputy,  as  profeffor  of 
chemiftry  in  the  royal  garden  ;  in  which  he 
acquitted  himfelf  fo  well,  that  in  1712  M. 
Fagon  refign’d  the  charge  up  to  him.. 

5.  In  1709,  the  king  made  him  phyfic- 
profeffor  in  the  college  royal ;  and  here  he 
di&ated  his  curious  and  ufeful  ledtures  on  the 
materia  medica.  In  1718,  he  drew  up  a  fy- 
ftem,  or  table  of  the  mutual  relations  betwixt 
different  fubflances  in  chemiftry  ;  which,  if 
rightly  underftood,  and.  carried  on,  might 
become  a  fundamental  law  for  chemical  ope¬ 
rations,  and  guide  the  operator  with  fm> 
cefs  *\ 

6.  In  1726,  he  was  elefted  dean  of  the  fa¬ 
culty  of  phyfic  at  Paris  ;  and  after  the  expi¬ 
ration  of  two  years,  the  ufual  time  of  holding, 
that  office,  was  continued  in  it  by  the  unani¬ 
mous  confent  of  his  brethren.  In  the  begin¬ 
ning  of  the  year  1730  his  health  began  to  de¬ 
cline,  and  he  died  on  the  6th  of  Jasiuary, 
173I- 

Elis  Writings., 

His  writings  are  thefe  ;  •viz. 

1.  On  cold  diffolutions  and  fermentations. 
Mem.  de  l' Acad.  R.  des  Sciences,  an.  17CO. 
p  142. 

z.  A  method  of  recompoundirg  fulphur. 
ib.an.  1704.  p.  374. 

3.  A  chemical  problem  to  find  afhes  with¬ 
out  irohin  them.  ib.  1705.  p.478. 

4.  Analyfis  of  fponge.  ib.  17 c6..  p  660. 

5.  Explanation  on  the  artificial  produdlion 
of  iron.  ib.  1707.  p.  224. 

6.  On  the  analyfis  of  coral,  l2c,  ib.  an. 
1708.  p.  130.  and  482. 

7.  Experiments  on  metals,  ib.  an.  1709, 

P-  205-  r 

8.  Obfervations  on  vitriol  and  iron.  ib.  an. 
1713.  p.  225. 

9.  On  the  converfion  of  acid  falts  into  vo¬ 
latile  urinous  alcalies.  ib.  an.  1717.  p.  291. 

r-o.  Chemical  affinities  between  different 
fubflances.  ib.  an.  1718.  p.  256.  and  1720. 
p.  24. 

ri.  A  method  of  flopping  the  vapours  of 
metalline  diffolutions,  &c.  ib.  an.  1719. 
p.  93. 

r2.  Frauds  relating  to  the  philofopher’s- 
ftone.  1722.  p.  81. 

13.  On  the  method  of  extinguifhing  fire 
by  means  of  gun-powder,  ib.  an.  1722.  p.21 1. 

14. 


f  See  Memoir,  de  PAcad.  17 1 8,. 
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6.  Georgs  Ernqft  Stahl ,  in  his  Fundament  a  chymia.  Norimberg. 
4to  (u). 
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14.  Examination  of  the  waters  of  PaJJy. 
1724.  p.  287. 

15.  Experiments  on  Come  forts  of  glafs,  of 
which  bottles  are  made.  1724.  p.  547. 

16.  On  the  mineral  waters  of  St.  Amand. 
Phil.  Tranf.  N°.  247.  p.  430. 

17.  The  way  to  make  two  clear  fpirituous 
inflammable  liquors,  which  differ  very  little 
in  take  and  fmell,  yet  being  mix’d  together, 
produce  a  fine  carnation  colour.  Phil.  EranfaSl. 
N°.  249.  p.4. 

18.  On  the  exaX  quantity  of  acid  falts  con¬ 
tain’d  in  acid  fpirits.  ib.  N°.  262.  p.  530. 

19.  A  treadle  of  the  foflile,  vegetable,  and 
animal  fubilances,  that  are  made  ufe  of  in 
phyfic,  &c.  tranflated  from  a  manufcript  copy 
of  the  author’s  leXures  read  at  Paris,  by  G. 
Douglas,  M.  D.  1736. 

The  writings  of  the  younger  Ml  Geoffroy, 
yet  living,  are  thefe. 

1 .  On  e.Tential  oils.  Mem.  de  V  Acad.  P. 
des  Sciences,  an.  1707.  p.  1686.  and  1721. 
P-193- 

2.  On  the  different  degrees  of  heat,  which 
fpirit  of  wine  communicates  to  water  upon 
mixture,  an.  1713.  p.  69. 

3.  On  gum  lacca.  and  other  animal  fub- 
ftances,  which  furnifh  the  purple- dye.  1714. 

P-  I56’  . 

4.  On  oil  of  afpic,  and  the  choice  of  it. 
an.  1715.  p.  321. 

5.  A  method  of  determining  the  juft  quan¬ 
tity  of  fpirit  of  wine  in  inflammable  liquors  or 
brandies.  1718.  p.  46. 

6.  On  the  nature  and  compofition  of  Sal 
Ammoniac ,  &c.  &C.  1720.  p.245. 

The  Writings  of  M.  Lemery  the  younger , 
fill  alive. 

(/)  1.  Chemical  experiments  and obfervations 
on  iron  and  the  load-ftone.  Mem.  de  l' Acad. 
R.  des  Sciences,  an.  1706.  p.448. 

2.  That  plants  really  contain  iron.  ib. 
p.529. 

3.  New  experiments  on  oils,  &c.  ib.  an. 
1707.  p.  6. 

4.  Reflexions  on  a  chemical  vegetation  of 
iron,  &c.  ibid.  p.  388. 

5.  Explication  of  the  compofition  of  feveral 
kinds  of  native  vitriols,  ib.  p.  713. 

6.  New  remarks  on  the  pretended  artificial 
production  of  iron.  ib.  an.  1708.  p.  482. 

7.  Conjectures  and  reflections  on  the  matter 
of  fire,  &c.  ib.  an.  1709.  p.  5  20. 

8.  On  chemical  precipitations,  an.  1711. 
p.  72. 


9.  Conjectures  on  the  different  colours  of 
the  precipitates  of  mercury,  an.  171  2.  p.  66. 
The  fecond  part.  an.  1714.  p.  336. 

10.  On  the  manner  wherein  iron  operates 
on  the  fluids  of  the  body.  an.  1713.  p.  41. 

1 1 .  On  the  aCtion  of  falts  upon  feveral  in¬ 
flammable  matters.  an.  1713.  p.130. 

12.  On  matters  proper  for  making  a  phof- 
phorus  with  alum.  an.  1714.  p.  520. 

1 3.  Phyfical  refleXions  on  a  new  phofpho- 
rus.  an.  1715.  p.  30. 

14.  Memoir  on  nitre,  an.  1717.  p.  39. 
Sequel  of  the  fame.  ib.  p.  156. 

15.  On  the  volatilization  of  fix’d  falts.  ib. 
P-31,7- 

16.  RefleXions  on  the  deficiency  and  fmall 
ufe  of  chemical  analyfes  of  plants,  &c.  an. 

1719,  p.227.  Second  part  of  the  fame,  an. 

1720.  p.  121. - Third  part,  ib.  p.216. 

—Fourth  part.  an.  1721.  p.  28. 

17.  On  the  preparation  of  the  Carthufan's 
powder,  or  kermes  mineral,  an.  1720.  p.  542. 

18.  On  the  original  of  Sal  Ammoniac,  an. 
1720.  p.  66. 

19.  On  the  fucceflive  diffolution  of  diffe¬ 
rent  falts  in  water,  an.  1722.  p.  479. 

Account  of  Stahl. 

(»)  G.  Em.  Stahl,  born  in  1660  at  Onold 
in  Franconia,  took  to  the  ftudy  of  chemiftry 
at  fifteen,  and  from  reading  Barnerus' s  colle¬ 
gium  chemicum,  readily  difcover’d  a  fix’d  al- 
caline  body  in  nitre  :  with  the  help  after¬ 
wards  of  Kunkel' s  books,  and  Becher's  phyfca 
fubterranea ;  the  feveral  experiments  of  which 
he  not  only  carefully  weigh’d  and  compar’d, 
but  repeated  ;  he  arrived  at  a  great  profi¬ 
ciency  in  the  art,  and  has  publifh’d  feveral 
excellent  pieces  on  chemiftry ;  which  (hew, 
among  other  things,  1.  The  generation  of 
artificial  fulphur.  2.  The  analyfis  of  vitriol, 
the  volatilization  of  the  acid  of  vitriol,  and 
its  reftitution  to  its  priftine  fixity.  3.  The 
prefence  and  influence  of  a  phlogifon  in  feveral 
bodies.  4.  The  refolution  of  fulphur  into  a 
fubtile  acid.  5.  The  different  fixity  of  acid 
mineral  falts.  6.  The  fudden  deftruXion  of 
nitre  by  deflagration.  7.  The  genuine  foun¬ 
dation  of  vinous  and  acetous  fermentation. 
8.  The  converfion  of  fpirit  of  wine;  and  its 
artificial  ingrefs  into  vinegar.  9.  The  tranf- 
pofition  of  juice  of  citrons  into  wine.  10  The 
pafl'age  of  all  fermentable  bodies  into  an  in- 
fipid  earth.  10.  The  folution  of  gold  by 
fulphur.  And,  1 1.  Of  iron  by  an  alkali, 

CSV.  CsV. 
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7.  The  excellent  Frideric  Hoffman  (x\  in  his  Qbfervationum  phyjico-chytni ' 
carum  felettiorum  libris  tribus.  Hake,  1722,  4to.  A  work  of  great  impor¬ 
tance  to  the  art  of  chemiftry.  The  author  has  likewife  enrich’d  phyfic  and 
medicine  with  many  other  curious  pieces. 


His  principal  chemical  Writings. 

T .  Frociromus  de  indagatione  chymico-phyfiolo- 
gica,  Sic.  1683. 

2.  Collegium  chemicusn,  fir  ft  deliver’d  in  1684 
in  the  way  of  le&ure  to  the  ftudents  at  Jena  ; 
feveral  manufcript  copies  of  which  getting  a- 
broad,  and  there  being  nothing  like  it  then 
extant,  many  ufed  it  as  a  comment  on  Be- 
eher ;  this  at  length  induced  the  author  to 
confent  to  an  edition  of  it,  which  was  pub- 
lifhed  under  the  title  of,  Fundamenta  chymi# 
dogmatic#  iff  experimentalis.  Nor i mb.  1 723. 

- The  fame  in  Englijh,  under  the  title 

of  philofophical  principles  of  chemijlry ,  &C.  by 
P.  Shaw.  1738.  8vo. 

3.  Zymotecbnia  fundamentalis.  1697. 

4.  Obfervationes  chemico-phyfic #.  1697,  and 
1698. 

5 .  Dijfert.  de  metallurgies  iff  docimajli # fun - 
damentis.  169  7. 

6.  Animadverfiones  ad  artem  tinfloriam  fun- 
damentalem  iff  experimentalem. 

7.  Opufculum  chymico-phyfico me  die  urn.  Hal# 
Magdeb.  1715.  Confuting  of  feveral  pieces 
that  had  been  occafionally  publiih’d  before : 
•vise..  1.  Prodromus  de  indagatione  chymico-phy- 
fologica.  2.  Zymotecbnia  fundamentalis.  3. 
Obfervationes  felediores  phyfico-chemico  medic#. 

4.  Experimentum  novum ,  verum  fulphur  arte 
froducendi.  5.  Spiritus  vitriols  volatilis  in 
topics  parandt  fundamentum  iff  experimentum. 
6.  V it  ulus  aureus ,  Sec. 

8.  Specimen  Becherianum ,  annex’d  to  Be¬ 
tter's  phyfsca  fubterranea. 

9.  Dijfert.  de  elegiis  vitriols. 

10.  A  treatife  on  fulphur ,  both  inflammable 
and  fix'd.  In  High-Dutch.  1718*. 

11.  A  treatife  on  fa  Its.  High- Dutch.  1723. 


1 2.  Commentar.  in  metallurgiamBecheri .  1723. 

•13.  Prof,  in  concordant iam  chemicam  Becheri. 
1726. 

14.  Experirnenta,  obfervationes,  animadver- 
Jiones ,  300  numero ,  chymic #  iff  phyfic#,  qualiunt 
alibi ,  vel  nulla ,  vel  rara,  nufquam  autem  fa- 
tis  ampla ,  ad  debitos  nexus,  Cfl  veros  ufus,  de* 
dutta  mentio,  commemoratio ,  aut  explicatio ,  in* 
venitur,  See.  Betolin.  1731.  8vo. 

Account  of  Dr.  Hoffman. 

(x)  Frid.  Hoffman  was  born  at  Hall  in 
Saxony,  in  1660.  To  him  we  are  chiefly  in¬ 
debted  for  a  juft  method  of  analyfing  mineral 
waters.  He  firft  difeover’d  the  errors  of  the 
ancients  on  this  fubjedt,  and  ihew’d  the  true 
ingredients  of  waters  by  chemical  experiments. 
The  chief  points  are,  that  the  predominant 
fait  in  acidul #,  as  well  as  in  hot  fprings,  is 
not  acid,  but  alcaline :  that  neutral  falts,  cal- 
carious  earths,  and  irony  matters,  with  a  moft 
fubtile  volatile  univerfal  acid,  are  contain’d  ia 
all  mineral  waters.  See  his  Differ tationes  de 
thermarum  iff  acidularum  ufu  ac  abufu  ;  with 
others  on  the  fame  fubjedt ;  all  which  are 
abridg’d  and  publiih’d  in  Englijh  by  P.  Sbaw. 
1733.  8vo. 

His  other  chemical  writings  are  thefe  : 

1.  Differtationes  dt  generatione  falium. 

2.  . de  nitri  natura. 

3.  - - - de  citmabari  anthnonii. 

4.  - - de  mirabili  fulphur  is  anti - 

monii  fixati  ejjicacia. 

5.  * - de  mer curio,  iff  medicamen¬ 

t's  s  mercurialibus,  &c. 

6.  Adnotationes  iff  additamenta  in  Poterii 
opera.  Franc.  M.  1698.  4to. 

7.  Obfervationum  phyfic  o-chymic  arum  feleft. 
lib.  iii.  Hal,  Magd.  1736.  4to. 
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APPENDIX  TO  THE  CHEMICAL  AUTHORS. 

Some  books  of  confequence  being  omitted  by  the  author,  or  having  been 
publifb’d  fince  he  wrote,  we  judge  it  proper  to  add  fuch  of  them  as  rea¬ 
dily  occur,  and  contain  any  thing  particularly  curious  or  ufeful  •,  without 
entring  into  a  detail  of  the  chemical  writers,  which  indeed  would  be 
endlels. 

CLASS  I.  Syfiematical  Writers. 


ZAC  H.  Brendelii,  chymia  in  artis  formam 
redaLla,  ubi  prater  methodum  addifcendi 
encheirefes  ckymicas ,  facillimam,  difquijitio  cu- 
rata  de  fatnofijfima  praparatione  auri  potabilis , 

injiituitur.  Jen.  1630.  i2mo. - Ed.  11.  cum 

Praf.  Wern.  Rolfinchii.  Jen.  1641.  8vo. 

P.  fhibaut,  cours  nouveau  de  la  chimie. 

i2mo. 

-■  —  in  Englijh ,  under  the  title  of  the 

art  of  chemiftry,  as  now  pradtifed.  Lond.  1668. 
8vo. 

A  compleat  courfe  of  chemijlry,  containing  not 
only  the  bejl  cbymicaJ  medicines,  but  alfo  great 
variety  of  ufeful  obfervations.  By  George 
Wilfon.  The  fourth  edition.  Lond.  1721. 
8vo.  This  book  contains  the  chief  part  of 
the  chemical  preparations  now  in  ufe,  with 
the  proceffes  faithfully  defcribed. 

Car.  de  Maets,  prodromus  chemia  rationalis, 
accedunt  animadverfiones  in  librum  cui  titulus 
colletlanea  chymica  Leidenfia.  Lugd.  Bat.  1684. 
8vo. 

■  ■  ■  .  .  Praxis  chymiatrica  rationalis. 

Lug.  Bat.  1687.  4to. 

- Chimia  rationalis ,  authore 

f.  P.  Lug.  Bat.  1687.  4to. 

Mich.  Etmulleri  chimia  rationalis  ac  experi- 
mentalis  curiofa,  fecundum  principia  recentiorum 
adornata,  variifque  ac  propriis  experimentis, 
tam  chi  mi c  is  quam  praLlicis,  ut  &  medicamen- 
tis  nobilioribus  referta,  comite  femper  ratione  ; 
in  ordinem  re  da  A  a  if  edit  a,  per  Job.  Chr. 
Anfsfeld.  Lugd.  Bat.  1684.  4to. 

Staphorji  ojficina  chymica  Londinenfis.  1685. 
8  vo. 

Chr.  Love  Morley,  colleLlanea  chymica  Lei- 


denfia,  five  medicamenta  Maetfiana,  Marggra- 
viana,  if  le  Mortiana ,  &c.  Lug.  Bat.\6^\.  4to. 
— Revifed  by  Theod.  Muyhens.  Lugd.  Bat.  1693. 

8vo.  and  Ant.  1702.  Svo. - In  High-Dutch. 

Jen.  1695.  8vo. — This  bock  contains  above 
600  medicinal  proceffes. 

Antoine  Deidier,  chimie  raifonce,  ou  l' on  tache 
de  decouvrir  la  nature  if  la  maniere  d'agir  des 
remcdes  les  plus  en  ufage  en  medicine  if  en  chi - 
rurgie.  Lyon.  1 7 1  5.  j  2mo. 

Em.  Goth.  Struve,  paradoxum  chymicum 
fine  igne,  i.  e.  Operaiiones  if  experimenta  phy 
Jico-cbymico-pharmaceutica,  ipfaque  medicamenta 
chymica,  ignis  opeparari  fohtaffine  igne  exhibet. 
Jen.  1717.  8vo. 

M.  Senac  do  Li.  en  medicine,  nouveau  cours  de 
cbymie,  fuivant  les  principes  de  Newton  if  de 
Stahl.  Paris  1 723.  2  vol.  i2mo.  and  ibid. 
1737- 

Herman.  Frid.  Teichmeyeri  infiitutiones  che¬ 
mia  dogmatic a  if  experimentalis,  in  quibus 
chemicorum  principia,  infirumenta,  operationes- 
if  produLla  ;  fimulque  analyfes  trium  regnorum 
fuccinfla  methodo  traduntur.  Sec.  Jen.  1728. 

Jo.  Frid.  Carthuferi  element  a  chemia  me¬ 
diae  dogmatico-experimentalis,  una  cum  fynopfi 
materia  medic  a  fileitioris.  Hal.  Magd.  1736. 
Svo. 

Joan.  Juncker i,  confpeLIus  chemia  theoretico- 
praLlica.  Hal.  Magd.  1 7 30.  4to. 

J  oh.  Helfrici  J  ungken  corpus  pharmaceutico- 
chymico-medicum  univerfale ,  five  concordantia 
pharmaceuticorum  compofitorum  difeordans,  mo - 
dernis  medicina  pr  a  Li  ids  dicata.  Ed.  3  priori- 
bus  longe  auLlior  reddita,  per  Davidem  de  Spina-. 
Franc.  1 732.  fol. 


CLASS  II.  Writers  in  Metallurgy. 

And.  Libavius,  of  Hall  in  Saxony,  who  died  of  metals  he  publifh’d.  See  his  works par- 
in  1616,  has  wrote  largely  of  the  nature,  and  ticularly  the  following, 
examination  of  minerals  ;  fo  as  to  be  even  Commentaria  metallica. 
fet  on  a  level  with  Agricola,  fox  the  hijlory  Art  probandi  miner  alia. 

1  I* 
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J.  Webfter’j’  hiflory  of  metals,  i.  e.  of  the 
flgns  of  minerals ,  of  their  nseget ability,  of  the 
fhilo/opher' s  gold,  mercury,  alkahefi.  Sec.  Lond. 
1671.  8vo. 

Alonfo  Barba  trattato  de  P arte  metallico 
compueflo  en  Efpanol.  en  Cordoua  1674.  V. 
Journ.  des  Sqavans.  T.  4.  p.  53.  feq.  His 
long  refidence  at  Potofl  in  Peru  had  enabled 
him  to  make  many  obiervations  relating  to 
the  mines.  See  the  fame  in  Englijb  by  the 
earl  of  Sandwich.  Lond.  1 674.  8vo.  See  alfo 
Phil.  FranfaB.  N°.  108.  p.  187. 

- - —  .  Libro  fecondo  de  Parte  metallica. 

en  Cordoua. 

- The  fame  in  EngUJh }  by  the  earl 

of  Sandwich.  Lond.  1674.  8vo. 

- It  was  reprinted  at  Lond.  1738, 

in  iamo,  with  the  addition  of  a  third  part ; 
containing  a  difeovery  of  all  forts  of  mines, 
from  gold  to  coal,  by  Mr.  G.  Plattes :  and  a 
4th  part,  entitled  Houghton's  compleat  miner. 

11  Marchefe,  Marco  Antonio  della  tratta, 
della  pr  attic  a  miner  ale.  in  Bolog.  1 676-  4to. 
Vid.  Hook  Phil.  ColleB.  N°  3.  p.  80. 

M.  Reaumur's  treatife  of  converting  forged 
iron  into  heel ;  and  to  foften  call  iron,  fo  as 
to  make  utenfils  thereof  equally  perfed  with 
thofe  of  forged  iron.  Paris  an.  1722. 

Em.  Swedenborg,  member  of  the  metallic  col¬ 
lege  in  Sweden,  prodromus  principiorum  rerum 
naturalium,  five  novorum  tentaminum  chymiam 
&  phyficam  experiment  ale  m  explicandi.  Amfl. 
1721.  8 vo. 

CLASS  III. 


- —  Principia  rerum  naturalium.  Jive 

novorum  tentaminum  phenomena  mundi  elemen- 
taris  philofophice  explicandi,  cum  figuris  ceneis, 
3  vol.  folio.  Drefd.  and  Lipf.  1734.  This 
book  opens  a  new  feene  in  natural  philofo' 
phy  j  and  is  large  upon  the  bulinefs  of  me¬ 
tals. 

There  is  a  curious  metallurgical  book  juft 
publiihed  in  High-Dutch,  by  Chrifl.  Andreas 
Schluter,  containing  the  whole  art,  both  of 
fmelting  and  allaying,  as  taken  from  the 
works  themfelves ;  and  exhibited  to  the  eye 
by  numerous  beautiful  copper -plates,  folio. 
The  title  of  it  is  Gruntlicher  Unterricht,  ScC. 
or,  1 .  A  fundamental  defeription  of  mineral 
works ;  Ihewing  the  genuine  way  of  explain¬ 
ing  them  ;  with  the  feveral  mechanical  ilruc- 
tures  and  furnaces  thereto  relating  ;  with  the 
manner  wherein  they  are  pradifed  at  Hartz, and 
other  mineral  works :  particularly  the  various 
methods  of  treating  gold,  filver,  copper,  and 
lead-ores ;  fulphur,  vitriol,  &c.  2.  The 

whole  art  of  allaying  ;  containing  the  ways 
of  trying  all  forts  of  metallic  ores,  refining 
of  filver,  feparating  it  from  gold  to  advan¬ 
tage,  & c.  3 .  A  fet  of  copper-plates  for  the 
two  parts,  executed  according  to  a  fcale  ;  with 
a  proper  index  to  each  part.  By  Chriflopher 
Andrew  Schluter,  fuper-intendant  at  Under- 
Hartz  to  his  Majefty  -of  Great -Britain,  Sc c. 
Bruvfwick,  printed  by  Frederick  William 
Meyer.  1738. 


Writers  in  Alchemy. 


Jo.  Fred.  Helve t it,  vitulus  aureus  quern 
mundus  adorat  &  or  at.  Treating  of  the  rare 
miracle  of  nature,  the  tranfmutation  of  metals, 
and  Ihewing  how  the  whole  fubftance  of  lead 
was  at  the  Hague  in  a  moment’s  time  con¬ 
verted  into  pure  gold,  by  a  fmall  particle  of 
the  philofopher’s  ilone.  Amfl.  1667.  Svo.  and 
Hag.  Com.  1702.  Svo.  Printed  alfo  in  Man¬ 
gel's  Bibl.  Chym.  T.  1.  p.  196.  In  Englifh , 
under  the  title  of  Helvetius' s  golden  calf. 
Lond.  1670.  Svo. 

De  alchymia,  opufcula  complura  vet.  philo- 
foph.  cum  fig.  Francof.  1  550. 

Four  treatifes  of  the  philofopher’s-llone,  by 
Alphonfo  king  of  Portugal,  John  Sawtre,  and 
Florianus  Randorf,  a  German.  Lond.  1652. 
4to. 

Jo.  Seg.  Weidenfeld,  four  books  concerning 
jthe  fecrets  of  the  adepts ;  or  the  ufe  of  Lully's 


fpirit  of  wine.  A  pradical  work  colleded  out 
of  the  fathers  of  adept  philofophy  reconciled 
together.  Lond.  1685.  4to. 

Jac.  Follii,  fortuita ,  in  quibus  prater  cri- 
tica  nonnulla,  tota  fabularis  hifloria  Gr.rca, 
Phoenicia,  JEgyptiaca,  ad  chemiam  pert ‘mere 
offer  it ur.  Amfl.  1687.  8vo. 

-  Manududtio  ad  caelum  chemi- 

cum.  Amfl.  1688.  8vo. 

■  11  - -  Sapientia  infaniens,  five  pro- 

miffa  chemica.  Amfl.  1689.  8vo. 

Gabr.  Clauderi,  fchediafma  de  tin  Bur  a  uni- 
verfali,  vulgo  lapide  philfophorum,  cum  Petr. 
Jo.  Fabri  MS.  res  alchymicorum  obfuras,  ex- 
planante,  neentn  Ad.  Gotti.  Berlichii  dijferta- 
tione  de  medicina  univerfali,  quin  &  Email. 
Koenigii  epiflola  de  elixir io  fophorum.  Norib. 
1736.  4to. 


CLASS 
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CLASS  IV.  Writers  in  Philosophical  Chemillry. 


Zac.  B  artier  i  chymia  philofophiea  perfedle 
eat  a ,  do  Be  emicleata,  &  f elicit  er  demon  - 
Jirata,  Sec.  Noriberg.  1689.  8vo. 

Jo.  Freind,  prsslettiones  c  by  mi  re,  in  quibus 
0 nines  fere  operationes  ad  <vera  principia,  & 
ipfius  nature  leges  rediguntur.  Amfi.  1710.  8vo. 
and  Lugd.  Bat.  1734.  8vo. 

- The  fame  in  Englijh,  by  J.M. 

with  the  author’s  defence  of  the  work  againft 
the  editors  of  the  Adi.  Erud.  Lipf.  Land.  1712. 
8vo. 

Claude  Bourdelin ,  author  of  feveral  che¬ 
mical  papers  in  the  Mem.  de  PAcadcm.  R.  des 
Sciences. 

John  Brown  wrote  an  account  of  the  quan¬ 
tity  of  rofin  in  the  cortex  eteuther.  extant  in 
the  Phil.  Pranfadt.  NQ.  371.  p.  8  1 . 

•  -  ■  - - Obfervations  and  experiments 

on  the  fal  catharticum  amarum,  or  Epfom  fait. 
ibid.  N°.  377.  p  348  and  372. 

- Experiments  oil  the  Prujfian 

blue.  ibid.  N°.  381.  p.  15. 

- - - On  camphire.  ibid.  N°.  390. 

P-  36'- 

- Davijfoni  philofophia,  pyrotech- 

nica,  cum  fig.  Par.  1641.  bvo. 

Du  Clos,  obfervations  fur  les  eav.x  miner ales 
de  plufieurs  provinces  de  France,  fait  in  /’  Aca¬ 
demic  R.  des  Sciences,  a  Paris  *675.  l2mo. 
V.  Phil.  Pranf.  N°.  125.  p.  612. 

- Dijfert.  fur  les  principes  des  mixtes 

naturels.  Amfi.  1680.  izmo.  V.  Jour,  des 
Sfavans.  T.  VIII.  p.  290. 

Car.  Newman,  chemid  to  the  king  of 
Prujfia ,  on  fix’d  alcaline  falts,  Ift  part.  ap. 
Phil.  Pranf.  N°.  392.  p.  3.  lid  part,  ibid. 
N°.  393.  p.  45. 

- - - -  On  Camphire,  ib.  N°.  389. 

p.321. 

- - On  the  method  of  proving 

French  brandy,  ib.  N°.  391.  p.398. 

» 

CLASS  V. 

\  i 

Wilh.  Grataroli,  verm  alchemise  feriptores. 
Baf.  I  561 .  folio. 

Petri  Borelli,  bibliotheca,  chymica,  feu  cata - 
logus  librorum  philofophicorum ,  hermeticorum , 
in  quo  quatuor  millia  circiter  autorum  chymi- 
eorum,  vel  de  tranfmutatione  metallorum,  re 
minevali  (A  arcanis,  tam  manuferiptorum  quam 
in  lucem  editorum,  cum  corum  editionibus  ufque 


Car.  Mufitani,  pyrotechnia  fophica,  &c.  Neap. 
1683*  Colon.  Allobr.  1701.  4to. 

■ — / - Opera  omnia.  Genev.  1716. 

folio. 

Jo.  Vigani  medulla  chhn'ue.  Land.  1682. 
8vo.  Gedan.  1682.  8vo.  Jen.  1687.  8vo. 

And.  Cajfii ,  de  extremo  illo  &  perfediijfimo 
natures  opificio  ac  principe  terrenorum  fidere , 
auro  ;  de  admiranda  ejus  natures ,  generatione, 
ejfedtibus,  atque  ad  operationes  artis  habitudine . 
Hamb.  1685.  8vo. 

Boulduc,  method  of  difeovering  the  fophi- 
ftication  of  corrofive  fublimate.  Mem.  de  PAcad. 
R.  des  Sciences.  1699.  p  64. 

- Examination  of  the  mineral  waters 

of  St.  Amand.  ib.  p.  68. 

- - —  Analyfes  of  a  great  number  of 

plants,  iff  c.  as  Ipecacuanha.  1 700.  p  1 .  and 
97. — Colocynthis.  1701.  p.  15. — Jalap. 1701. 

p.  39. - Gum  gutta.  1701.  p.  172. — Scam- 

mony.  1702.  p.248. — Gratiola  1703.  p.245. 

- Cachou.  1709.  p.  293. — Rhubarb.  1710. 

p.  217. — Mechoacan.  1711.  p.  104. — Bryony. 
1712.  p.  53. 

- On  the  lixiviums  of  the  waters  of 

falt-petre.  1720.  p.  589. 

- On  the  properties  of  a  new  fait  dif- 

cover’d  in  Spain.  }yz±.  p.  168. 

-  Befides  other  analyfes  only  men¬ 

tion’d  in  the  hiftory  of  the  royal  academy  of 
fciences. 

J.  Juncker ,  confpeflus  chemise  theoretico- 
pratticse  in  forma  tabularum  reprefentatus  :  in 
quibus  phyfica,  prsefertim  fubterranea  &  cor- 
porutn  naturalium  principia,  habitus  inter  fe, 
proprietates,  vires,  &  ufus,  itemque  prsscipue 
chemise  phannaceuticse  &  mechanicse  funda¬ 
ment  a  ;  e  dogmatibus  Becheri  &  Stahlii  po- 
tijfimum  explicantur.  P.  1.  Halm  Magd.  1 730, 
4to.  The  fecond  part  not  yet  publifhed. 


Bibliothecarii  chemici, 

ad  annum  1-653  continentur.  Par.  1654.  i2mo. 
Heidelb.  1656.  nmo. — The  authors  are  here 
enumerated  in  alphabetical  order,  but  not  with 
due  diftinddnefs  nor  fullnefs.  V.  Fabric.  BibL 
Grsec.  1.6,  7.  p.  746. 

Nath.  Albinei,  bibliotheca  chemica  contratta , 
in  qua  continentur ,  I.  J  ■  Aur.  Augur elli  chry- 
fopceia  utraque,  2,  Cofmopolita  novum  lumen 
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cbemicum.  3.  Anonymi  Galli  enchiridion, 
tav.  1653  and  1673.  8vo. 

- —  Bibliotheca  chemica  contraffa, 

continent  trattatus  quatuor.  Genem.  1653  and 
1654.  8vo. 

■  in  ■■  ■■  ■  Aureutn  melius,  oder  guldene 
fchatz,  &c.  The  golden  fleece,  wherein  are 
contain’d  all  the  writings  of  the  moil  cele¬ 
brated  authors  in  alchemy,  &c.  High-Dutch. 
Hamb.  1708.  4to.  Tom.  II.  Baf.  1604. 

Will.  Cooper,  catalogue  of  chymical  books, 
which  have  been  written  originally,  or  tranf- 
lated  into  Englijh,  in  three  parts.  Lond.  1672 
and  1675.  8vo-  The  third  part,  containing 
an  index  of  fuch  things  publiihed  in  the 


philofophical  tranfaftions  of  the  royal  fo- 
ciety,  as  pertain  to  chemiftry,  or  the  ftudy 
of  art  in  the  animal,  vegetable,  or  mineral 
kingdom. 

Jo.  Jac.  Mangeti,  bibliotheca  chymica,  Jime 
col  lectio  Jcriptorum ,  prceji  antijjimorum  chemict- 
rum,  &c.  France f.  1702.  2  vo!  folio. 

Frid.  Rotb-fcholtzii  bibliotheca  chemica,  oder 
catalogus  mon  chymifcheren-buchern ,  Sec.  Ift, 
lid,  Hid,  and  iVth  parts  printed  feparately. 
Nurib.  and  Altorf.  1 7 25 — 1728.  It  is  alphabe¬ 
tical  ;  we  have  only  (een  fo  much  of  it  as  ex¬ 
tends  to  the  middle  of  H  :  whether  any  more 
have  been  imee  printed,  we  doubt. 
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HE  Ml ST RT  is  an  art  which  teaches  the  manner  of  performing  Chemiftry  de* 
certain  phyftcal  Operations ,  whereby  bodies  cognizable  to  the  fenfes ,  or  fin'd, 
capable  of  being  render'd  coognizable ,  and  of  being  contain'd  in  vef- 
“  fels,  are  fo  changed^  by  means  of  proper  inflruments,  as  to  produce  certain  deter¬ 
mined  effects ;  and  at  the  fame  time  difcover  the  caufes  thereof ;  for  the  fervice 
of  various  arts  (a),n‘ 


(a)  The  definition  prefuppofes  a  competent 
number  of  chemical  experiments  already  made 
and  defcrib’d ;  which  being  reduc’d  to  rule, 
deliver’d  with  their  circumftances,  and  di- 
gefted  in  proper  order,  make  the  firfl  ele¬ 
ments  of  chemiftry ;  and  this  is  the  thing  par¬ 
ticularly  labour’d  in  the  practical  part ;  and 
was  never,  that  we  know  of,  fo  fuccefsfully 
attempted  before  :  and  herein  we  take  the 
principal  merit  of  the  author  to  confift ;  he 
having  not  fo  much  added  any  new  matter,  as 
colledted  the  theory,  or  preliminaries  of  the 
art,  and  reduced  the  more  common  and  ordi¬ 
nary  experiments  to  method ;  thus  giving  the 
common  chemiftry,  as  already  known  and 
pra&ifed,  the  body  and  form  of  an  art.  Tho’ 
this  is  to  be.  underflood  of  the  rudiments 
chiefly ;  for  he  has  but  lightly  touch’d  upon 
the  medical,  philofophical,  mechanical,  me¬ 
tallurgical,  commercial,  and  alchemiftical 
parts;  which  might  alfo  be  reduced  tome- 


2. 

thod,  and  afford  new  elements  of  chemifiry. 
Whence  it  is  proper  to  obferve,  that  arts  can 
never  be  juftly  defin’d,  till  their  nature,  ex¬ 
tent,  and  ufes  are  fully  known,  and  particu¬ 
larly  afcertain’d  ;  a  true  fcientifical  definition 
being  nothing  more  than  a  general  truth,  or 
expreflion,  fumming  up,  or  including  all  the 
particulars  from  whence  it  was  deriv’d.  But 
the  defire  of  making  chemiftry  an  art,  may 
have  prejudicial  effedls ;  if  we  thence  confine 
it  within  too  narrow  bounds :  which  is  gene* 
rally  the  cafe  when  definitions  are  form’d,  be¬ 
fore  the  matter  to  be  defin’d  is  brought  to 
maturity. 

The  author,  to  fhew  that  his  definition  of 
chemiftry  is  juft  and  adequate,  takes  it  to 
pieces,  and  explains  every  part  thereof :  and 
iuch  explanation  comprehends  the'  theory  cf 
chemiftry  ;  or  the  chemical  dodlrirte  of  bodies. 

Now  chemifts  ufually  divide  all  fenfible  na-> 
tureinto  three  dalles,  called  kingdoms* 
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art. 

Objefi  of  chi' 
mtfiry. 


Divided  into 
kingdoms. 
Fojfils  defil’d. 


The  Theory  of  Chemistry. 

2.  As  chemiftry  dire&s  operations  to  be  performed  from  a  forefight  of  what 
will  enfue,  it  is  truly  entitled  to  the  appellation  of  an  art  (b). — Its  objedl, 
whereon  it  is  employ’d  to  produce  changes,  extends,  we  fee,  not  only  to  all 
fenfible  bodies,  but  even  to  infenfible  ones,  provided  they  are  capable,  by 
any  art,  of  being  render’d  fenfible,  either  in  themfelves  or  in  their  effects  ; 
efpecially  fuch  as  may  be  collected  and  contained  in  veflels,  either  naturally, 
or  by  any  means  we  can  employ  for  that  end  (c) :  which  bodies  on  a  careful 
review  have  been  found  commodioufiy  reducible  to  three  capital  clafles,  by 
the  chemifts  called  kingdoms. 

3.  The  firft  clafs  contains  Fojjils ,  or  as  they  are  moreufually  called.  Mine - 
rah  which  are  defined  “  natural  bodies,  found  either  in  the  bowels  or  on 

the  fur  face  of  the  earth  *,  of  fo  fimple  a  ftrudture  that  the  clofeft  infpedtion, 
even  by  the  beft  microfcopes,  has  not  been  able  to  difcover  any  diverfity 
between  the  veflels  and  their  contents  *,  but  each  part  appears  perfectly 
fimilar  to  the  whole  •,  tho’  in  many  of  them  there  certainly  is  a  compofition 
of  folid  and  fluid  parts  (d)f 
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the  fofjil,  vegetable,  and  animal  kingdom.  This 
divifion,  which  at  firft  fight  appears  grofs  and 
inaccurate,  is,  in  reality,  fubtile  and  adequate; 
being  taken  from  the  three  different  manners 
of  growth  which  obtain  among  bodies.  For, 
excepting  the  four  primary  elements,  fire, 
air,  water,  and  earth,  1.  All  bodies  either 
grow  adhering  to  the  earth,  in  fuch  manner, 
as  that  there  is  no  apparent  diftinCtion  of 
parts  containing  and  contained,  (viz.  of  vef- 
fels  and  juices  circulating  in  them)  which  are 
called  fojfls :  Or,  2.  They  grow  adhering  to 
the  earth,  fo  that  there  is  a  real  difference 
of  vefiels  and  juices  difcernible  therein ;  which 
are  vegetables :  Or,  3.  They  grow  without 
adhering  to  the  earth  at  all ;  and  are  called 
animals.  Each  of  thefe  are  confider’d  in 
order. 

(b)  Being  thus  diftinguifh’d  from  cafual  ex¬ 
periments,  or  random  trials,  which,  how¬ 
ever,  laid  the  foundation  of  the  art,  produced 
confiderable  effeCb,  and  made  many  unex¬ 
pected  difcoveries :  Thus  gun-powder,  phof- 
phorus,  aqua  fortis ,  and  moil  of  the  chemical 
fecrets,  were  at  firft  accidental  difcoveries. 

(t)  Our  author’s  oeconomy  here  is  admira¬ 
ble  :  his  definition  is  an  epitome  of  his  book  ; 
or  the  book  a  paraphrafe  on  the  definition. 
He  firft  gives  us  the  whole  in  miniature  ;  then 
takes  every  part  in  its  order,  and  enlarges  it. 
When  he  comes  to  body,  that  complex  thing, 
the  reader  would  imagine  he  had  loft  the 
view ;  but,  after  dilating  and  opening  it  by 
degrees,  ’till  he  has  difcovered  all  it  contains, 
he  returns  and  goes  thro’  the  reft.  This  hint 
will  let  the  reader  into  a  method,  beautiful' 
beyond  expreffion. 


(d)  This  character  holds  of  foflils*  and  of 
therrT*  alone  :  thus  gold,  filver,  and  the  other 
metals,  antimony,  falts,  fulphurs,  ftones, 
and  other  minerals,  really  grow  fixed  to  the 
earth  ;  and  if  they  be  divided  into  the 
minuteft  parts,  they  will  every  where  appear 
the  fame  fimilar  folid  matter,  without  any 
Jhevj  of  vefiels  and  juices.  And  thus,  fhould 
it  be  urged,  that  fpirit  of  wine  muft, 
on  this  footing,  be  a  foflil,  becaufe  homoge  ¬ 
neous  in  all  its  parts,  and  exhibiting  no  di- 
ftinftion  of  vefiels  and  juices ;  the  anfvver  is 
obvious :  fince  fpirit  of  wine,  as  fuch,  is  not 
generated  of  or  under  the  earth  ;  neither  is  it 
a  vegetable  ;  that  denomination  including  the 
whole  compages  or  ftrufture,  out  of  which 
the  fpirit  of  wine  is  prepared.  Or  if  it  be 
faid,  that  antimony  fhould  then  be  no  foflil, 
fince  it  contains  an  heterogeneous  fulphur  :  it 
may  be  anfwer’d,  that  as  to  our  fenfes,  ’tis  in 
all  refpefts  a  foflil ;  fince  whatever  portion 
you  take  thereof,  ’tis  the  fame  indiftinguifh- 
able  matter,  and  has  all  the  characters  of 
antimony. 

Fojjils  are  either  fimple,  or  compound : 
fimple,  are  fuch  whofe  parts,  howfoever  di¬ 
vided,  are  all  of  the  fame  nature,  that  is,  of 
the  fame  gravity,  magnitude,  figure,  hardnefs, 
and  mobility  :  as  quick-filver,  which,  tho’ 
divided  to  infinity,  is  found  every  where  the 
fame  in  all  thefe  refpeCts.  Compound  foflils 
are  thofe  which  may  be  refolved  into  diffe¬ 
rent,  or  difiimilar  parts' ;  or,  whofe  parts  are 
unlike  in  magnitude,  figure,  hardnefs,  and 
mobility  :  as  antimony,  which  may  be  re¬ 
folved  by  fire  into  a  fulphur,  and  a  metallic 
part. 
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O/METALS. 

pr- 

1.  The  firft  bodies  in  the  foffil  clafs  are  Metals  ;  whofe  charafteriftics  are  Metals  de - 
to  be  “  the  heavieft  of  foffils,  fufible  by  fire,  but  cohering  again  in  the  cold,  P1'*' 

“  fo  as  to  become  dudile  and  diftendible  under  the  hammer. *’ 

2.  Of  thefe  in  all  ages  have  hitherto  been  found  only  fix  fimple  ones,  viz.  **<**•} 
gold,  filver,  copper,  tin,  iron  and  lead.  The  ancients  indeed  added  quickfilver  metals- 

to  the  number  ;  but  this,  as  wanting  hardnefs,  duftility  and  fixity,  has  no  ^ a 

pretenfions  to  be  a  metal  (e).  However,  the  great  affinity  it  bears  to  the  m€i 
reft,  in  refpeft  of  weight,  fimplicity,  the  place  where  it  is  found,  and  its 
eafy  uniting  with  other  metals,  has  given  rife  to  a  very  ancient  opinion,  which 
prevails  much  at  this  day,  that  mercury  is  the  chief  bafis  or  matter  of  all  the 
metals. 

3.  It  appears  fomewhat  furprizing,  that  the  ancient  Perfians  in  their  reli-  Ancient  re¬ 
gions  rites,  always  called  the  {'even  metals,  which  they  knew  were  produced  r“fte£ 

in  the  earth,  by  the  names  of  the  feven  planets  found  in  the  heavens.  And  . 
what  is  more,  the  aftronomers  and  aftrologers  ftili  make  ufe  of  the  fame  cha-  tpe  planets. 
rafters,  viz.  ©>  to  denote  the  planets,  as  the  chemifts 

do  to  reprefent  the  metals.  Whence  a  doubt  may  arife,  among  Which  of  the 
two  thefe  charafters  were  firft  ufed  ?  Thofe  of  the  chemifts  *tis  certain  are  Significations 
well  adapted  to  exprefs  their  refpeftive  bodies,  according  to  the  hieroglyphic  °f tbe 
method  ;  as  will  appear  from  a  clofer  examination.  rasters. 

K  2  4. 


The  fimple  foffils  ate,  (t)  Metals.  (2)  Salts. 

(3)  Stones,  both  vulgar  and  precious  ;  and, 

(4)  Earths. 

The  compound  foffils  are,  (1)  All fulphurs. 
{2)  Semi -metals.  Or  properly,  minerals  ,  and  , 
(3)  Bodies  combined  of  the  preceding  foffils, 
either  fimple  or  compound. 

Metals  making  the  primary  clafs  of  foffils, 
the  author  treats  of  them  in  the  firft  place. 

(e)  Viz.  According  to  the  definition  here 
laid  down,  which,  however,  may  perhaps  be 
only  arbitrary.  See  the  account  of  quick-fiver 
belonjj. 

Such  is  the  proper  idea  of  a  metal,  which 
is  no  way  applicable  to  any  other  body  in 
nature :  for  a  diamond,  tho’  a  fimple  body, 
is  not  fujible  in  the  fire,  nor  capable  of  being 
flretcbed  under  the  hammer.  And  fait,  tho’ 
diffiolvable  by  fire,  is  not  malleable ,  but  breaks 
under  the  hammer.  It  may  be  added,  that 
there  are  certain  woods,  which  yield  in  fome 
meafure  to  the  hammer ;  but  then  they  fall 
to  afhes  in  the  fire ;  and  fo  of  the  reft* 

The  author  has  faid  nothing  here  of  the 
origin,  or  formation  of  metals,  which  there 
are  feveral  hypathefes  to  account  for.  Some 
fuppofe  the  metallic  particles  were  form’d  at 
the  creation  of  all  things,  and  rang’d  by  the 
law  of  gravity  in  regular  Jlrata,  near  the 
centre  of  the  earth  5  from  whence  they  have 


fince  been  rais’d,  by  the  afiion  of  the  central 
heat,  up  towards  the  furface,  and  depofited 
there  in  various  parts  of  the  globe.  Others 
fet  afide  this  prae-exiftence>  and  fuppofe  me¬ 
tals  to  be  form’d,  or  generated  de  novo,  by 
the  accidental  mixture  of  certain  particles, 
not  metallic  till  they  mixed.  And  fome  will 
have  it  that  metals  have  their  origin  from 
feeds,  or  eggs  j  whilft  their  production  is  only 
the  opening,  or  expanfton  of  thefe  feminal 
parts,  in  the  nature  of  organized  bodies,  with 
veflels  and  juices  circulating  in  them.  But 
whoever  carefully  attends  to  all  the  pheno¬ 
mena  of  mines,  and  compares  the  appea¬ 
rances  of  all  forts  of  ores,  as  we  find  them 
in  the  cabinets  of  naturalifts,  will  perhaps  fee 
fufficient  reafon  to  think,  that  all  mttals  were 
once  in  the  form  of  vapour  or  fume,  which 
gradually  lights  and  fettles  upon  particular  fto- 
ny  mineral  fubftances,  preferably  to  the  reft* 
as  if  they  affeCted  certain  bodies,  from  a  fe- 
cret  relation  between  them,  and  thus  receive 
encreafe  and  growth  from  the  conftant  accef- 
fion  of  fimilar  fumes,  till  at  length  they  ap  ¬ 
pear  in  the  form  of  ores,  vifible  metallic 
grains,  or  differently  figur’d  lumps  of  their 
own  kinds  refpeCtively ;  fomewhat  after  the 
manner  of  cryftallization.  This,  at  leaft,.  is 
the  beft  account  that  we  can  at  prcfent  give 
of  the  matter. 


68 

Citrtf-Vi. 

Cold. 

Stiver. 


Quick-filar- 

Copper. 

ban. 


Tin. 


Lead. 


Antimony. 
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4.  ~j-  denotes  any  thing  finarp,  gnawing  or  corrofive  j  as  vinegar  or  fire  : 
being  fuppofed  to  be  ftuck  around  with  barbed  fpikes. 

®,  Denotes  a  perfedi,  immutable,  fimplebody,  fuch  as  gold,  which  has  no¬ 
thing  acrimonious,  or  heterogeneous  adhering  to  it. 

]).  Denotes  half  gold  ;  whole  infide  if  turned  outwards  would  make  it  en¬ 
tire  gold  :  as  having  nothing  foreign  or  corrofive  in  it  j  which  the  alchemifis 
obferve  of  filver. 

$.  Denotes  the  infide  to  be  pure  gold,  but  the  outer  part  of  the  colour  of 
filver,  and  a  corrofive  underneath  ;  which  if  taken  away  would  leave  it  mere 
gold.  And  this  the  adepts  afiert  of  mercury. 

?.  Denotes  the  chief  part  to  be  gold  ;  whereto  however  adheres  another 
large,  crude,  corrofive  part  *,  which  if  removed  would  leave  the  reft  pofiefied 
with  all  the  properties  of  gold.  And  this  the  adepts  afiert  of  copper. 

c Likewife  denotes  gold  at  the  bottom,  but  attended  with  a  great  propor¬ 
tion  of  a  ftiarp  corrofive,  fometimes  amounting  to  half  of  the  whole  ;  whence 
half  the  character  expreftes  acrimony,  which  accordingly  both  alchemifis  and 
phyficians  obferve  of  iron.  And  hence  that  common  opinion  of  the  adepts  ; 
that  the  aurum  vivum,  or  gold  of  the  philofophers,  is  contained  in  iron  •,  and 
that  the  uni.verfal  medicine  is  rather  to  be  fought  in  this  metal  than  in  gold 
itfelf. 

V.  Denotes  half  the  matter  of  tin  to  be  filver,  the  other  a  crude  corrofive 
acid  :  which  is  accordingly  confirmed  by  the  afiayers  •,  tin  proving  almoft  as 
fix’d  as  filver  in  the  cupel,  and  difeovering  a  large  quantity  of  crude  fulphur, 
weil  known  to  the  alchemifts. 

ft .  Denotes  almoft  the  whole  to  be  corrofive,  but  retaining  fome  refemblance 
with  filver  :  which  the  artifts  very  well  know  holds  true  of  lead. 

6  .  Denotes  a  chaos,  to  7 rav,  world,  or  one  thing  which  includes  all:  this 
is  the  character  of  antimony  j  wherein  is  found  gold,  with  plenty  of  an  ar- 
fenical  corrofive  ( f ). 


(f)  i.  The  elements  of  chemiftry,  perhaps, 
ihould  rather  be  kept  clear  of  thefe  caballifti- 
cal  conceits,  for  fear  of  giving  a  wrong  turn 
to  the  mind  at  its  firft  fetting  out  in  this  prac¬ 
tical  fcience  ;  tho’  they  may  have  their  ufe 
in  reading  the  alchemiftical  authors. 

2.  Thefe  characters  appear  to  have  been  in 
ufe  amongft  the  moft  ancient  chemilts.  They 
are  faid  to  be  of  a  thoufand  years  {landing  j 
and  to  have  been  originally  taken  from  the 
religion  of  the  Perftans.  ’Tis  certain,  there 
have  always  been  two  ways  of  writing :  the 
one  by  letters ,  arbitrarily  pitch’d  on  to  de¬ 
note  things ;  as  that  in  ufe  among  us :  the 
other  by  characters,  or  images  of  the  things 
denoted,  call’d  hieroglyphics  :  fuch  was  that 
of  the  ancient  Egyptians  ;  who  to  denote  a 
dog,  put  a  dog’s  head ;  for  a  ftout  man,  a 
lion ;  for  a  perfect  thing,  a  circle,  &c.  which 
manner  {till  obtains  among  the  Chine fe  ;  and 
hence  that  difficulty,  fo  much  complain’d  of, 
in  learning  their  language  j  the  number  of 


their  characters  being  fo  great,  that  even  the 
molt  learn’d  of  their  Mandarins  fcarce  under¬ 
hand  a  twentieth  part  of  them.  The  images 
they  ufe  are  fuch  as  we  fometimes  fee  in  our 
porcellane,  or  china-ware,  which  thofe  peo¬ 
ple  can  read.  This  hieroglyphic,  or  cabal- 
liftic  manner  of  writing  was  adopted  by  the 
chemilts ;  who  denoted  their  metals  by  cha¬ 
racters,  that  feem  drawn  from  the  very  depths 
of  chemiltry,  and  hold  forth  the  intimate  na¬ 
ture  of  the  metals  themfelves.  Their  firft 
character  @  gold  is  a  circle  with  a  point  in 
its  centre  :  now  the  circle  is  a  fymbol  of  per¬ 
fection,  and  fimplicity  ;  and  was  always  ufed 
as  fuch  by  the  ancient  caballifts :  in  reality, 
there  is  no  figure  more  fimple,  uniform,  or 
perfeCt  than  this ;  it  comprehends  the  great- 
eft  fpace,  under  the  leaft  fuperficies  ;  and  all 
the  radii  drawn  from  its  centre  to  its  circum¬ 
ference  are  equal :  properties  which  corre- 
fpond  very  aptly  to  the  fun  in  the  heavens, 
and  to  gold  on  the  earth.  For  gold  is  the 

moft 
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5.  The  proper  and  fpecific  chara<5teriftic  of  metals  confifts  in  their  weight,  Specific gra- 
wherein  they  far  furpafs  all  other  bodies.  And  this  property  being  the  moft  dif-  c^anu" 

.  terrftic  of 

ncult  metals.  ' 

that  they  both  grow  bitter  in  acids ; 


wort  fimple  of  all  metals,  and  at  the  fame 
time  it  is  the  moft  perfed  ;  as  being  the  hea- 
vieft,  and  including  the  greateft  quantity  of 
matter  under  the  leaft  furface.  Its  nature, 
therefore,  rs  well  denoted  by  the  figure. 

3.  d  is  the  character  fignifying  Jil<ver  on 
earth,  and  the  moon  in  the  heavens.  This 
figure  would  be  a  perfed  circle,  if  the  inner  part 
were  properly  applied  to  the  outer.  Now  the 
chemifts  all  agree,  that  filver  is  half  gold ; 
or  part  of  it  gold,  only  that  part  lies  hid. 
Accordingly  its  charader  denotes  gold  half 
perfeded  ;  for,  fay  they,  if  you  can  but  turn 
the  gold  part  that  lies  hid  in  the  filver  out¬ 
wards,  your  filver  will  be  converted  into 
gold.  Thus  gold  being  accounted  the  moft 
perfed  of  all  metals,  filver  comes  the  nearert 
thereto ;  confequently,  ’tis  a  fort  of  femi- 
gold.  Monf.  Homberg  fhews,  that  pure  fil¬ 
ver,  perfedly  purg’d  of  all  gold,  being  kept 
a  long  time  in  the  fire,  always  gains  a  little 
portion  of  gold,  that  is,  part  of  it  becomes 
gold. 

4.  J  Copper,  is  a  circle,  with  a  crofs  un¬ 
derneath  ;  and  denotes,  that  the  body  or  bafis 
is  gold,  tho’  join’d  with  fome  corrofive  men- 
llruum.  For  a  crofs  is  the  charader  whereby 
all  corrofives,  as  fire,  vinegar,  and  other 
(harp  dilfolvents,  were  denoted  by  the  an¬ 
cients;  thofe  being  things  that  ul'ed  to  tor¬ 
ment,  and  as  it  were  crucify :  now,  all  the 
adepts  allow  copper  a  nobler  metal,  only  de- 
bafed  by  a  fharp,  corrofive,  or  arfenical  poi- 
fon,  adhering  thereto,  which  is  capable  of 
deftroying  men,  and  which,  when  taken  a- 
way,  the  copper  is  left  gold.  Accordingly, 
copper  of  all  metals,  filver  only  excepted,  is 
allow’d  to  come  the  neareft  to  gold. 

5.  £  Iron,  this  charader  likewife  denotes 
gold  at  the  bottom,  only  its  upper  part  is 
too  fharp,  volatile,  and  half  corrofive ;  which 
being  taken  away,  the  iron  would  become 
gold.  Accordingly,  the  chemifts  hold  that 
iron  comes  nearelt  to  gold  after  copper.  ’Tis 
Bafil  V alentine's  tenet,  that  Mars  and  Venus 
together  make  Sal.  The  fame  author  intro¬ 
duces  iron  by  way  of  profopopceia,  faying,  if 
you  put  off  my  clothes,  that  is,  the  corrofive, 
you  will  come  at  my  foul,  that  is,  the  intrin- 
fic  nature  of  iron. 

6.  if  Tin  is  held  to  be  one  half  luna,  or 
filver,  and  the  other  half  corrofive ;  which 
is  denoted  by  the  femicircle,  and  the  crofs 
added  thereto.  In  effied,  it  comes  the  neareft 
of  all  metals  to  filver,  and  has  moft  of  the 
properties  thereof,  excepting  weight:  and 
they  agree  in  this  particular  circumftance. 


which 

no  other  metals  do.  Mr.  Boyle  fufpeds,  that 
tin  and  filver  may  be  the  fame  body  ;  only 
that  there  is  much  corrofive  fulphur  in  the 
former :  hence  filver  and  tin  fufed  together, 
mix  and  cohere  fo  intimately,  that  they  can 
fcarce  be  feparated,  even  by  lead. 

7.  T?  Lead,  appears  to  be  the  charader  of 
tin  inverted,  with  the  corrofive  palling  thro’ 
the  middle.  It  is  varioufly  wrote,  has  fre- 

-f* 

quently  a  double  crofs  7?,  to  fhew  that  it  cor¬ 
rodes  on  all  fides.  Accordingly,  all  metals 
are  deftroy’d  by  lead  ;  gold  and  filver  only 
excepted  :  and  hence  this  charader  is  ufed  to 
denote  it  principally  as  a  corrofive,  tho’  the 
middle  part  bears  fome  refemblance  to  filver ; 
as  there  is  a  real  correfpondence  between  lead 
and  filver. 

8.  5  Quickjilver  evidently  fhews  gold  in 
the  middle,  or  body  of  it,  filver  at  top,  or 
in  the  face,  and  a  corrofive  at  bottom  :  ac¬ 
cordingly,  all  the  adepts  fay  of  mercury,  that 
it  is  gold  at  heart,  whence  its  heavinefs ; 
that  its  outfide  is  filver,  whence  its  white  co¬ 
lour  ;  but  that  there  is  a  pernicious,  corrofive 
fulphur  adhering  to  it,  denoted  by  the  crofs ; 
that  the  quantity  of  fulphur  is  here  fo  great, 
as  to  render  it  wholly  volatile  in  the  fire ; 
that  the  more  ’tis  burnt,  the  nearer  it  comes 
to  gold ;  and  that  were  it  perfedly  calcined 
and  purified,  and  its  colour  changed,  it  would 
be  gold. 

9.  J  Antimony  is  a  circle  denoting  the  body 
of  gold  ;  to  which  a  crofs  is  added,  to  fhew 
it  a  corrofive  ;  and  becaufe  the  corrofive  pre¬ 
vails,  the  crofs  is  placed  at  top.  Accordingly, 
antimony  is  the  deftrudion  of  all  metals,  ex¬ 
cept  gold  ;  the  other  five,  with  ftones,  falts, 
lAc,  being  all  loft  in  the  corrofive.  Again, 
the  charader  of  antimony  is  the  fame  with, 
that  of  tellus,  or  the  earth  ;  as  being  a  fort 
of  chaos,  or  univerfal  body  ;  and  accordingly 
Bafil  Valentine  calls  it  all  in  all. 

10.  We  now  fee  why  the  ancient  chemifts 
had  recourfe  to  a  kind  of  images  of  bodies, 
and  direded  their  followers  to  feek  for  all 
things  in  the  grand  world ;  as  vve  fee  in  Pan- 
taleon  and  Sucbten;  The  truth  is,  fomething 
obtains  in  the  planets  and  heavenly  bodies, 
like  what  we  fee  in  minerals ;  fo  that  there 
is  a  foundation  for  the  allufion. 

1 1 .  Whoever  has  a  defire  to  fee  more  of 
thefe  ancient  chemical  fymbols,  may  find  a  large 
table  of  them  in  du  Cange,  though  incorredly 
printed.  Vid.  Glojf*  Grac.  T-  n.  p.  iy» 
22. 
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Its  ufe  in 
judging  of 
metals. 
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ficult  to  be  procured  by  art,  affords  us  a  certain  criterion,  whereby  metals 
may  be  diftinguiffied.  The  weights  of  the  feveral  metals  in  proportion  to 
that  of  pure  water  may  be  affigned,  from  the  Philofophical  Tranfattions  (£), 


thus, 

Gold . 19636 

Quickfilver  .  .  .  140 19 

Lead . 11 345 

Silver .  1  °53  5 — 11087 

Copper  .....  8843 

Iron . 7852 

Tin .  732r 

Granate .  3978 

Glafs .  2805 


Pump- Water  .  .  1000 

6.  Hence  arifes  the  bed  method  of  examining  unknown  bodies,  in  order  to 
learn  whether  they  contain  any  confiderable  quantity  of  metal.  And  by  the 
fame  means  we  alio  frequently  learn  of  what  kind  the  latent  metal  is.  Hence 
alfo  appears  the  great  difficulty  ofincreafing  weight,  fo  as  by  condenfation  to 
turn  other  metals  into  gold,  or  other  bodies  into  metals.  And  again  we  learn 
from  hence  what  matter  comes  the  neared  to  gold,  and  is  the  readied  for  being 
changed  into  it,  with  regard  to  weight  (Jo). 


Gill,  its  cha- 
raElers. 
Weight. 
Simplicity, 


\ 


Of  G  O  L  D. 

1.  Gold  is  (1)  the  heavied  and  denfed  of  all  bodies  J). 
(2)  The  mod  dmple  ( k )  of  all  bodies  (/). 


( g )  Phil.  Tranf.  N°.  169.  p.  926.  and  N°. 
s  99  P-  694-  . 

( h )  This  criterion  of  metals  perhaps  is  not 
fo  abfolutely  certain  as  to  be  depended  upon 
in  all  cafes;  fome  marcafites  that  yield  no 
metal,  are  as  heavy  or  heavier  than  true  ores; 
and  fome  tin-ore,  as  particularly  that  call’d 
tin-grains,  is  fpecifically  heavier  than  the  me¬ 
tal  it  affords  ;  and  I  am  affur’d  by  an  unex¬ 
ceptionable  judge,  that  he  once  examin’d  a 
mineral  fubftance,  fpecifically  heavier  than 
gold :  fo  precarious  a  thing  it  is  to  form  ge¬ 
neral  rules,  before  all  the  inflances  are  fought 
out  on  both  fides  of  a  queftion.  And  this 
fhould  be  carefully  remember’d,  as  we  pro¬ 
ceed  in  the  hiftory  of  metals,  otherwife  we 
may  reafon  wrong  in  a  very  material  point, 
and  imagine  ourfelves  fully  poffefs’d  of  truth, 
whilft  we  are  really  under  a  miftake. 

(i)  We  obferve  that  it  weighs  above  nine¬ 
teen  times  more  than  water,  taking  bulk 
for  bulk :  and  this  property  is  infeparable 
from  it ;  no  certain  method  having  yet  been 
found  out  to  render  gold  more  or  lefs  heavy  : 
fo  that  tho’  all  the  other  properties  of  gold 


(3) 

may  perhaps  be  imitated,  its  weight  alone 
feems  inimitable.  Wherever,  therefore,  we  find 
the  fpecific  gravity  of  gold,  there  is  probably 
real  gold  ;  fo  ifl  have  a  mafs  of  matter  heavier 
than  mercury,  there  may  be  a  fhare  of  gold  in 
it,  fince,.  as  already  obferv’d,  we  find  no  inter¬ 
mediate  body  between  mercury  and  gold ;  for  N 
inftance,  no  body  which  is  to  gold  as  1  6,  or 
18  to  19.  Whoever,  therefore,  would  make 
gold,  muft  be  able  to  add  to  the  weight  of 
other  metals ;  fo  as  to  render  them  equipon¬ 
derant  with  gold.  Hence,  if  any  fraudulent 
alchemift  fhould  obtrude  a  metal  on  you  for 
gold,  take  a  piece  of  pure  gold,  hang  it  by 
a  hair  or  thread  to  a  nice  ballance,  and  hang 
an  equal  weight  of  the  fufpedted  gold  by 
another  hair,  to  the  other  end  of  the  beam  j 
then  immerging  both  pieces  in  water,  if  the 
alchemift’s  gold  be  pure,  the  water  will  retain 
both  pieces  in  aquilibrio ,  otherwife,  the  adul¬ 
terate  metal  will  rife,  and  the  pure  defcend. 

(i)  Unlefs  the  pureft  mercury  be  an  ex¬ 
ception. 

(/)  By  a  Ample  body  we  mean  that  whofe 
minuteft  part  has  all  the  phyfxcal  properties 

of 
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(3)  The  moft  fixed  of  all  bodies  *,  both  in  air  and  fire  5  infomuch  that  an  Fixity* 
ounce  of  it  being  expofed  for  the  fpace  of  two  months  in  the  eye  of  a  glafs- 
furnace,  it  loft  not  a  fingle  grain :  whence  it  appears  to  be  incorruptible. 

(4)  The  only  body  that  refills  the  force  of  antimony  and  lead  (m) ;  neither  of  ReMs  anti 
which  will  turn  it  into  Scoria  *,  but  being  melted  with  them,  it  finks  to  the  27d  and 
bottom.  Hence  it  is  the  leaft  changeable  of  all  bodies  hitherto  known,  and 

even  perhaps  utterly  immutable  by  any  phylical  caufes.  Whence  the  alche- 
mifts  unanimoufly  afiert  that  it  is  eafier  to  make  gold  than  to  deftroy  it  ( n ). 


of  the  whole  mafs.  Thus,  if  a  grain  of  gold 
be  diffolv’d  in  aqua  regia ,  and  a  fingle  drop 
of  the  folution  be  taken ;  a  particle  of  gold 
may  be  feparated  therefrom,  which  fhall  only 
be  the  millionth  part  of  the  grain,  and  yet 
have  all  the  characters  of  gold,  except  thofe 
that  depend  upon  magnitude.  Or,  if  you 
fufe  a  fingle  grain  of  gold  with  a  mafs  of  fil- 
ver,  and  mix  the  whole  together ;  fo  that 
the  gold  fhall  be  equally  difiributed  thro’  the 
whole  mafs ;  you  will  have  in  a  particle 
thereof  a  particle  of  perfeCl  gold,  in  all  re- 
fpeCts  like  the  whole  grain.  Accordingly, 
diffolve  any  part  of  the  mixture  in  aqua  fortis, 
and  a  quantity  of  gold  will  precipitate  to  the 
bottom  ;  bearing  the  fame  proportion  to  the 
grain,  that  the  part  diffolved  did  to  the  whole 
mafs. 

And  on  this  principle  chiefly  depends  the 
art  of  alfaying  ;  for  if  you  carry  a  mafs  of  gilt 
filver  to  an  artift,  he  takes  a  fingle  grain  there¬ 
of,  melts  it  to  mix  the  gold  and  filver  well 
together,  then  puts  it  into  aqua  fortis  to  dif- 
folve  the  filver,  upon  which  the  gold  falls  to 
the  bottom.  And  from  the  proportion  of  the 
gold  fo  found,  to  the  whole  grain,  he  com¬ 
putes  how  much  gold  is  in  the  whole  mafs. 

The  alchemifts,  however,  hold  their  aurum 
philofophorum  to  be  hill  more  Ample  than  gold; 
as  confiding  of  mercury  perfectly  clear’d  from 
all  fulphur  ;  but  whether  there  be  any  fuch 
thing  in  nature,  will  admit  of  a  queftion ;  mer¬ 
cury,  abfolutely  pure,  and  free  of  fulphur, 
being  what  we  mull  acknowledge  ourfelves 
never  to  have  feen. 

(m)  By  r  effing,  we  mean,  that  when  melted 
with  them  in  a  cupel,  it  does  not  difiipate, 
and  fly  off  in  fume,  but  remains  fix’d.  The 
chemifls  have  two  kinds  of  lead,  or  Sa¬ 
turn  ;  viz.  the  Saturn  of  Lima,  or  common 
lead  ;  and  that  of  Sol,  called  alfo  the  Saturn 
of  the  philofophers,  which  is  antimony.  No 
bodies  but  gold  and  filver  refill  the  firlt ;  and 
none  but  gold  alone  refills  the  fecond  ;  they 
term  each  of  them  lavacrum  leproforum,  or  the 
leper’s  bath ;  intimating  hereby,  that  all  other 
metals,  except  gold  and  filver,  being  telled 
with  lead  or  antimony,  fly  off  in  fume.  Lead, 
particularly,  they  call  balneum  folis  &  lump, 
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the  fun  and  moon' s  bath  ;  or  balneum  regis  & 
regime,  the  king  and  queen's  bath ;  as  filver 
and  gold  thence  come  out  the  purer,  whilll 
all  other  metals  are  deffroy’d  therein. 

Thus,  if  a  mafs  confining  of  gold,  filver, 
copper,  and  other  metals,  together  with  Hones, 
or  other  bodies,  be  fufed  with  ten  times  their 
quantity  of  lead  ;  the  Hones,  and  all  other 
bodies  not  metallic,  will  flow  on  the  furface, 
and  be  eafily  blown  off  by  the  bellows.  I« 
the  mean  time  the  lead  drawing  all  the  me¬ 
tals,  except  the  gold  and  filver,  to  itfelf,  rifes 
along  with  them  into  a  fort  of  drofs ;  and  is 
likewife  blown  off  by  the  bellows,  or  goes 
away  in  fume,  or  vitrifies  with  the  cupel. 

As  to  antimony,  a  quantity  thereof  being 
put  in  a  cupel,  along  with  pure  gold,  and' 
the  whole  fufed,  and  kept  in  a  Hrong  fire,, 
the  antimony  all  evaporates,  and  leaves  the 
gold  alone  :  which  does  not  hold  of  any  other, 
metal,  not  even  fiver  itfelf.  Whence  anti¬ 
mony  is  particularly  called  balneum  folis,  the 
finis  bath,  and  lavamcn  folius  regis  ;  dev  ora¬ 
tor ,  lupus  metallorum ,  Sec.  Hence,  antimony 
is  ufed  as  the  lafi  tell  of  gold  ;  to  try  the  pu¬ 
rity  whereof,  a  grain  or  two  being  tefled 
with  twenty  times  the  quantity  of  regulus  of 
antimony,  till  the  antimony  is  either  evapo¬ 
rated,  or  turn’d  to  a  fcoria,  to  be  blown  away 
by  the  bellows,  and  the  gold  have  fulminated , 
as  the  refiners  call  it ;  that  is,  till  its  furface 
appears  every  where  fimilar,  and  equable. 
This  being  done,  if  the  gold  have  loH  no¬ 
thing  of  its  weight,  it  is  allowed  perfe&ly 
pure,  and  called  gold  of  twenty  four  carats  ; 
or  if  it  be  found  lighter,  it  is  faid  to  be 
twenty-three  carats  fine. 

(»)  Mr.  Boyle  gives  us  an  experiment,  where¬ 
in  a  quantity  of  pure  gold  was  fo  chang’d  and 
debafed,  by  the  admixture  of  an  exceeding  little 
quantity  of  a  powder  cafi  upon  it  in  fufion  ; 
that,  befide  detaching  a  large  metalline  recre¬ 
ment,  notunlike  bell-metal,  the  gold  itfelf  was 
left  of  a  dirty-colour,  and  loH  its  fpecific  gra¬ 
vity  fo  far,  that  inflead  of  being  nineteen  times 
the  weight  of  water,  as  at  firfl,  it  was  now 
only  15  y.  This  operation  appear’d  to  Mr. 
Boyle  almoH  as  Hrange  as  projection.  S€® 
Jloyl,  Abr ,  Vol,  J.  P'  78. 
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(5)  The  moft  dudile  of  all  bodies  (0).  The  gold-beaters  with  their  ham¬ 
mers,  can  extend  a  grain  of  gold  between  fkins  made  of  ox-gut,  into  a  leaf 
containing  36  fquare  inches  and  an  half,  and  24  fquare  lines.  So  48  ounces 
of  filver  formed  into  a  cylinder,  may  be  gilt  with  one  ounce  of  gold  and 
be  afterwards  drawn  into  fine  wire,  two  yards  whereof  weigh  only  one  grain, 
and  confequently  h  of  a  grain  of  gold  is  extended  over  the  whole  furface, 
which  however,  when  viewed  even  with  a  microfcope,  is  found  fo  denfe 
and  clofe  as  not  to  difcover  the  leaft  atom  of  the  filver  under  it.  Con¬ 
fequently  Toiooo  part  of  a  grain  of  gold  is  here  vifible  to  the  naked  eye  j  the 
thicknefs  whereof  exceeds  not  by  computation  ■.■54I  -00  part  of  an  inch  (/>).  It 
has  alfo  been  fhewn  that  gold,  on  the  fineft  filver-gilt  wire  is  only  part 

of  a  line  thick  (ff).  A  drop  of  a  folution  of  gold  in  aqua  regia ,  mixed  with 
a  pint  of  re<5tified  fpirit  of  wine,  will  communicate  a  metalline  tafte  to  the 
whole  ;  and  added  to  a  folution  of  two  grains  of  tin  in  a  very  large  quantity  of 
water,  it  will  give  a  dufky  purple  hue  thereto.  Laftly,  Hoffman,  a  dextrous 
operator  at  Aujburg ,  by  a  very  extraordinary  procefs  (r),  drew  a  fingle  grain 
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gilds  ninety-eight  yards ;  and  of  courfe  the 
ten  thoufandth  part  of  a  grain  is  here  above 
one  third  of  an  inch  long.  And  fince  the 
third  part  of  an  inch,  is  yet  capable  of  being 
divided  into  ten  leffer  parts,  vifible.  to  the 
naked  eye ;  it  is  evident  that  the  hundred 
thoufandth  part  of  a  grain  of  gold  may  be 
feen  without  the  afliflance  of  a  microfcope. 
Proceeding  in  his  calculus ,  he  found,  at  length, 
that  a  cube  of  gold,  whofe  fide  is  the  hun¬ 
dredth  partofaainch,  contains  2,433,000,000 
vifible  parts :  and  yet,  tho’  the  gold  where¬ 
with  fuch  wire,  is  coated,  be  ftretch’d  to  fuch- 
a  degree,  fo  intimately  do  its  parts  cohere, 
that  there  is  not  any  appearance  of  the  colour 
of  the  filver  underneath. 

Mr.  Boyle  examining  fome  leaf  gold,  found 
that  a  grain  and  a  quarter’s  weight  took'  up 
an  area  of  fifty  fquare  inches :  fuppofing, 
therefore,  the  leaf  divided  by  parallel  lines 
of  an  inch  apart ;  a  grain  of  gold  will  be 
divided  into  five  hundred  thoufand  minute 
fquares,  all  difcernible  by  a  good  eye.  For 
gold-wire,  the  fame  author  fhews,  that  an 
ounce  of  gold  drawn  out  therein,  would  reach  . 
155  miles  and  a  halff. 

Put  M.  Reaumur  has  carried  the  du&ility 
of  gold  to  a  flill  greater  length  :  a  gold  wire, 
every  body  knows,  is  only  a  filver  one  gilt. 
This  cylinder  of  filver,  cover’d  with  leaf  gold, 
they  draw  through  the  hole  of  an  iron  ;  and 
the  gilding  hill  keeps  pace  with  the  wire, 
ltretch  it  to  what  length  they  can.  Now, 
M.  Reaumur  fhews,  that  in  the  common  way 
of  drawing  gold-wire,  a  cylinder  of  filver  22 
inches  long,  and  15  lines  in  diameter,  is 

ftretch’d 

•  Newt.  Opt.  p.  370.  f  Sec  Beyl  Abu  Vol.  I.  P  405. 


of  gold  into  a  wire  500  foot  long  (j). 

(0)  Sir  Jfaac  Newton  fufpe&s,  that  the  pri¬ 
mitive,  or  component  particles  of  all  bodies 
are  hard  j  that  they  are  only  laid  together ; 
and  that  the  caufe  of  their  cohefton  is  fome 
attractive  force  fuperadded  to  them,  whereby 
they  unite  together  into  larger  particles,  and 
thofe  at  length  into  fenfible  maffes.  Now,  if 
the  composition  be  fo,  as  that  the  particles, 
under  the  circumftances  of  their  attractive  or 
cohefive  force,  are  liable  to  Aide  eafily  on  one 
another,  the  body  becomes  duCtile,  or  mal¬ 
leable,  or  foft  *. 

(/>)  Halley  in  Philof.  TranfaCt.  N°.  194. 
p.  549. 

(y)  Mem.  del*  Acad.  an.  1713.  p.  10. 

(r)  Cajfius  de  auro.  p.  77. 

(s)  Our  gold-beaters  and  wire-drawers  fur- 
nifh  us  with  abundant  proofs  of  this  property  : 
they  every  day  reduce  gold  into  leaves,  or  lc.~ 
mellcs,  inconceivably  thin ;  yet  without  the 
leait  aperture  or  pore  difcoverable,  even  by 
the  microfcope  :  a  fingle  grain  of  gold  may 
be  ftretch’d  under  the  hammer  into  a  leaf  that 
will  cover  a  houfe ;  and  yet  the  leaf  remain 
fo  compaCt,  as  not  to  tranfmit  the  rays  of 
light,  nor  even  admit  fpirit  of  wine  to  tranfude. 
Dr.  Halley  took  the  following  method  to  com¬ 
pute  the  duCtility  of  gold  :  he  learnt  from  the 
wire-drawers,  that  an  ounce  of  gold  is  fufih- 
cient  to  gild,  that  is,  to  cover,  or  coat  a  fil- 
ver  cylinder  of  forty-eight  ounces  weight  ; 
which  cylinder  may  be  drawn  out  into  a  wire 
fo  very  fine,  that  two  yards  thereof fhall  only 
weigh  one  grain  j  and  confequently  ninety- 
tight  yards  of  the  fame  wire  only  forty-nine 
grains.  So  that  a  Angle  grain  of  gold  here 
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(6)  It  Is  foft,  and  fcarcely  elaftic  or  fonorous  (t). 

(7)  It  melts  by  fire,  but  firft  ignites  and  grows  red-hot  ( u );  tho*  in  Mada¬ 
gascar  there  is  a  fofter  kind  which  fufes  foon  by  a  gentle  fire,  like  lead  (x). 

(8)  It  is  diflolvable  by  fea-falt  (y),  and  the  preparations  thereof ;  but  remains 

untouch’d 


ftr etch’d  to  1163520  feet ;  or  is  634692  times 
longer  than  before  ;  which  amounts  to  about 
97  leagues.  To  wind  this  thread  on  filk  for 
ufe,  they  firft  flatten  it  ;  in  doing  which  it 
ftretches  at  leaft  y  further  ;  fo  that  the  22 
inches  are  now  1 1 1  leagues  :  but  in  the  flat¬ 
tening,  inftead  of  y  they  could  ftretch  it  i, 
which  would  bring  it  to  1 20  leagues.  This 
appears  a  prodigious  extenfion  ;  and  yet  it  is 
nothing. 

The  cylinder  of  filver  might  only  have 
been  cover’d  with  one  ounce  of  gold,  inftead 
of  fix,  which  we  have  hitherto  fuppofed  :  the 
gilding  indeed  in  this  latter  cafe  will  be  but 
thin ;  but  ftill  it  will  be  gilding,  and  no 
point  but  will  have  its  cover  of  gold.  On 
this  footing  M.  Reaumur  computes,  that  the 
thicknefs  of  the  gold-leaf  on  the  wire,  is 
T+oVoo  of  a  line.  He  adds,  that  as  the  leaf- 
gold  is  not  every  v/here  the  fame  thicknefs, 
but  at  leaft  twice  as  thick  in  fome  parts  as 
others  ;  in  the  thinneft  parts  it  will  not  be 
above  a  525000th  part  of  a  line,  or  the 
6300000th  part  of  an  inch. 

Yet  this  is  not  the  furtheft  we  can  go  :  in 
flatting  the  wire  gently  between  two  wheels, 
it  may  be  extended  to  double  the  breadth  hi¬ 
therto  fuppofed  ;  in  which  cafe  the  thicknefs 
of  the  leaf  will  be  reduced  to  lefs  than  a  mil¬ 
lionth  part  of  a  line,  or  a  twelve  millionth  of 
an  inch. 

Yet,  after  all,  putting  a  piece  of  this  gilt- 
wire  in  aqua  fortis ,  the  filver  will  be  diflolv’d, 
and  the  gold  left  a  perfect,  continuous  tube*. 

This  tenacity,  or  force  of  cohefion  in  the 
parts  of  gold,  which  appears  fcarce  lefs  than 
infinite,  depends  on  its  being  freed  from  com¬ 
mon  fulphur  :  for  mix  but  one  Angle  grain 
of  fulphur  with  a  thoufand  grains  of  gold, 
and  the  mafs  ceafes  to  be  malleable,  till  the 
fulphur  be  evaporated.  And  hence  we  have 
a  ftrong  prefumption,  that  the  lefs  tenacious 
metals,  tin,  copper,  and  iron,  contain  a  large 
quantity  of  fulphur. 

The  immenfe  divifibility  of  gold  is  learnt 
from  another  experiment :  for  example,  take 
a  pound  of  filver,  and  fufe  it  with  a  Angle 
grain  of  gold  ;  the  gold  will  diffufe  itfelf  e- 
qually  through  every  minute  particle  of  the 
filver;  fo  that  taking  a  grain  of  the  mafs, 
and  diftolving  it  in  aqua  fortis ,  you  will  find 
a  quantity  of  gold  fall  to  the  bottom,  which 
btars  precifely  the  fame  proportion  to  the 

*  Mem.  de  V  Acad.  an. 


grain  of  gold,  as  the  gold  in  the  mafs  had  to 
the  whole  mafs. 

(t)  Its  found,  when  pure,  is  not  very  clear, 
or  tinkling,  but  rather  obtufe,  and  refembling 
that  of  lead.  For  gold  being  foft  and  flexi¬ 
ble,  has  but  little  elafticity,  and  confequently 
is  not  much  difpofed  to  the  trembling,  or  vi¬ 
bratory  motion  neceflary  to  produce  found. 
Add  filver  or  copper  to  it,  and  it  becomes  fo- 
norous  enough  :  but  without  admixture,  the 
alchemifts  even  hold,  that  it  yields  no  found 
at  all. 

( u )  It  requires  a  pretty  vehement  fire  to 
fufe  it ;  greater  confiderably  than  either  lead, 
or  tin  ;  tno’  much  lefs  than  iron,  or  copper. 
Some  metals,  as  tin,  for  example,  diflolvc 
before  they  ignite ;  gold  grows  red-hot  be¬ 
fore  it  melts :  the  difference  arifes  hence,  that 
the  one  fuftains  a  greater  degree  of  heat  than 
the  other,  in  order  to  fufion. 

(x)  Flacourt.  Hifl.  Inf.  Madagafcar .  ap. 
Borricb.  de  Ort.  Chem.  p.  49. 

(y)  It  is  not  diflolvable  in  any  commonly 
known  menftruum,  except  aqua  regia  and  mer¬ 
cury.  Aqua  regia  takes  its  denomination  from 
this  property  of  diflolving  gold,  which  among 
the  chemifts  is  called  rex,  the  king  :  its  bafis, 
or  eflential  ingredient,  is  common,  or  fea-falt, 
which  anfwers  the  purpofe  in  whatever  form 
applied  ;  whether  as  a  fluid,  or  a  folid, 
a  liquor  or  a  fpirit.  Sal-gem,  and  fal-am- 
moniac,  do  either  of  them  occafionally  an- 
fwer  the  fame  end  as  fea-falt ;  but  ’tis  only 
fo  far  as  they  are  of  the  fame  nature  and  kind 
with  fea-falt ;  as  will  be  Ihewn  in  the  chapter 
of falts.  Aqua  regia ,  then,  is  a  fort  of  aqua 
fortis,  or  acid  fpirit,  wherein  there  is  a  fmall 
proportion  of  fea-falt ;  ’tis  prepared  four  fe- 
veral  ways :  (1)  By  mixing  common  fait, 
fal-gem,  or  fal-ammoniac,  whether  native  or 
fattitious,  with  aqua  fortis ,  or  fpirit  of  nitre. 
(2)  Of  butter  of  antimony,  from  which  Mr. 
Boyle  made  a  menftruum  that  difibLv’d  gold 
with  furprizing  readiriefs ;  but  this  does  not 
infer,  that  gold  may  be  diflolved  without  fea- 
falt  ;  for  butter  of  antimony  is  made  partly 
of  mercury-fublimate,  wherein  fea-falt  is  one 
ingredient.  (3)  Of  fea-falt  reduced  into  a 
fpirit  by  diftillation  ;  for  fuch  fpirit  of  fait  is 
known  to  diflolve  gold :  and,  (4)  Of  human 
urine ;  for  this  being  diftill’d  by  a  vehement 
fire  to  make  pbofpborus ,  there  remains  at  the 
bottom  of  the  veflel,  a  fort  of  fait  perfectly 
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untouch’d  by  any  other  fpecies  of  falts.  Hence  it  is  not  liable  to  ruft  ; 
becaufe  aqua  regia  and  fpirit  of  fea-falt  do  not  float  in  the  air  (z). 

(9)  It  very  readily  unites  it  felf  with  pure  quickfilver  (■ a )  •,  not  fo  readily  with 
crude  as  is  ufually  fuppofed,  even  with  heat.  When  diflolved  in  aqua  regia , 
and  precipitated  with  fait  of  tartar,  it  has  a  fulminating  property  (b). 

(10)  Nor  ever  waftes  it  felf  by  emitting  effluvia,  or  exhalations  (c). 

2. 


like  fea-falt;  which,  mixed  with  fpirit  of 
nitre,  makes  a  menftruum  that  diffolves  gold. 

To  conclude,  no  fpirit,  or  fait,  whether 
acid,  or  alcaline,  affefts  gold,  unlefs  it  have 
a  mixture  of  common,  or  fea-falt :  thus,  if 
you  take  a  dram  of  gold,  put  it  into  a  clean 
glafs  veffel,  and  pour  upon  it  fpirit  of  fulphur 
per  campanam,  oil  of  vitriol,  or  fpirit  of  nitre, 
either  hot  or  cold  ;  they  will  have  no  effect 
on  the  gold ;  but  it  will  remain  untouch’d, 
as  if  it  were  a  diamond  :  but  if  into  fo  many 
vials,  each  containing  one  of  thefe  faline  li¬ 
quors,  with  a  quantity  of  gold,  you  add  a 
little  lea  fait,  or  fal  gem,  either  in  form  of  a 
fpirit,  or  of  a  lixivium,  the  gold  will  he 
diffolv’d  ;  and  fooiieft  in  the  veffel  that  con¬ 
tains  fpirit  of  nitre. 

(z)  Unlefs  in  laboratories  and  ehemilts 
(hops,  where  we  find  them  often,,  and  fee  odd 
effefts  produced  thereby. 

(a)  It  readily,  and  fpontaneoufly,  as  if  by 
fome  magnetic  power,,  at t rafts,  and  abforbs 
mercury  ;  but  does  not  thus  increafe  its  fpe- 
cific  gravity.  We  have  made  the  experi¬ 
ment,  and  always  found  the  gold  dilated,  or 
increafed  by  the  mercury  in  bulk  more  than 
in  weight,  and  confequently  its  fpecific  gra¬ 
vity  diminilh’d.  Thus,  if  a  grain  of  mercury 
be  mixed  with  two  grains  of  gold  of  twenty 
carats  fine,  and  the  mafs  be  weigh’d  hydro- 
ftatically  againft  two  grains  of  the  fame  gold 
without  mercury it  will  be  found  fpecifi- 
cally  lighter  :  Add,  that  as  foon  as  the  mer¬ 
cury  enters  the  gold,,  it  is  render’d  foft,  and 
likeapafte;  and  of  confequence  is  thinn’d,  or 
diluted. 

(6)  Thus  making  what  is  called  aurum  ful¬ 
minant,  which  gives  a  much  fmarter  and 
louder  report,  than  the  common  fulvis  ful- 
minansy  and  with  a  much  lefs  quantity. 

{c)  Gold  is  the  moft  fix’d  of  all  bodies ; 
that  is,  it.lofes  lead,  in  the  fire.  Natural  bo¬ 
dies  are  reducible,  to  two  claffes,  fixed  and 
volatile,  the  firft  are  fuch  as  bear  the  utmoft 
violence  of  the  fire,  without  evaporating,  or 
lofing  any  thing  of  their  weight :  the  fecond, 
fuch  as  fly  away  in  fume,  oreffluvia.  Now,  of 
all  metals,  gold  and  filver  alone  are  accounted 
fixed;  but  gold  much  more  fo  than  filver. 
Caflo  Qlaveus ,  the  Prince  oi.Mirandula,  Mr. 

*  Nouvt  Court  de  Qhpmie,  p.  272.. 


Boyle,  and  others,  have  made  experiments  to 
this  effeft  :  a  quantity  of  very  pure  gold  being 
placed  in  the  eye  of  a  glafs-furnace ;  it  was 
found  at  the  end  of  two  months  not  to  have 
loft  any  fenfible  part  of  its  weight ;  tho’  it 
had  been  all  along  kept  in  continual  fufion  ; 
infomucli  that  other  bodies  would  have  thus 
been  diffipated  in  a  much  lefs  time. 

Whence  this  property  fhould  arife,  is  not 
eafy  to  fay  ;  unlefs  the  particles  of  gold  being 
all  homogeneous,  and  equal,  equally  fuftain 
each  other,  and  leave  equal  pores  between 
them,  through  which,  when  fufed,  the  fire 
finds  an  eafy  paffage.  The  fame  property  is 
obfervable,.  though  not  in  the  fame  degree, 
in  filver  :  the  other  metals  are  much  lefs  fix’d,, 
as  containing  too  much  fulphur,  which  vola¬ 
tilizes,  and  carries  them  off  in  fume.  From 
this  circumftance  of  fixity,  fome  have  argued, 
that  gold  alone  has  its  juft  proportion  of  fire 
and  is  itfelf  no  other  than  fire  perfeftly  con¬ 
centrated.  But  M.  'Tfcbirnhaus ,  and  others, 
have  made  large  double  burning-glaffes,  in 
whofe  foci  even  gold  itfelf  readily,  volatilizes* 
leaving  behind  a  part  converted  into  glafs. 
Some  philofophers,  however,  conteft  the  rea¬ 
lity  of  this  vitrification :  ’tis  certain,  that  if 
gold  be  expofed  to  the  focus  of  a  burning-glafs 
on  a  piece  of  charcoal,  as  is  ufually  done,  it 
fenfibly  diminifhes  ;  and  in  proportion  to  the 
diminution,  there  arife  an  infinite  number  of 
little  glaffy  drops  of  a  greenifh  colour,  which 
fwell,  and  enlarge  in  proportion  as  the  gold 
difappears.  But  this,  fay  fome,  “  is  no  de- 
“  monftration  that  the  gold  is  vitrified  :  ’tis 
“  rather  the  allies  of  the  coal,  which,  uni- 
“  ting  with  the  gold,  afterwards  vitrifies ; 
“  for  let.  gold  evaporate  on  a  hody  which 
“  yields  no  allies,  and  you  have  no  glafs.  Add, 
“  that  if  this  glals  be  fufed. over  again,  and  a 
“  fat  matter  added  thereto,  it  does  not  return 
“  to  its  former  ftate  of  gold,  as  all  other  me- 
“  tals  are  found  to  do*.”  The  like  experi¬ 
ments  have  been  made  at  London  with  M.Vil- 
lette's  burning  concave.  Hence,  we  conclude 
that  there  is  no  body  absolutely,  fix'd  in  all 
nature ;  fince  gold,  which  has  the  faireft  pre¬ 
tentions,  is  not  fo. 

It  may  be  obferv’d  however,  that  gold 
mix’d  with  fome  volatile  bodies,  does  evapo¬ 
rate* 
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i.  Gold  is  fometimes  found  naturally  pure  in  certain  grains  and  lumps,  I*  what  form 
fome  of  which  have  been  of  two  pound  weight.  This  is  called  aurum  ob-found' 
ryzitim ,  which  ufually,  however,  requires  a  further  purification  by  the  fire  ;  it  P“re  °^' 
being  rare  that  any  ore  contains  pure  gold  without  a  mixture  of  other  metals : 
and  efpecially  of  filver.  Sometimes  alfo  there  is  lead  mixed  with  it ;  but  rarely 
any  of  the  other  imperfedt  metals.  It  is  found  in  moll:  parts  of  the  world,  in 
a  greater  or  lefs  quantity.  Its  ore  is  ufually  white,  fometimes  marked  with  0res  °f  {t* 
black  fpots,  which  is  the  bell  kind  :  but  there  are  alfo  black,  red*  and  yellow 
forts  in  the  mines.  Among  the  ore  are  alfo  found  vitriols,  both  white,  blue, 
red  and  green  ;  and  fometimes  alfo  antimony  of  gold,  as  it  is  called  (d). 


rate  ;  but  this  is  the  effeCt  of  the  great  vola¬ 
tility  of  thofe  bodies,  which  can  carry  off  the 
gold  along  with  them.  *'  If  we  coniider, 
“  fays  Mr.  Boyle ,  how  very  minute  the  parts 
“  are  whereof  gold  confifts,  and  into  which  it 
**  is  divifible,  it  will  not  feem  impoflible,  that 
if  we  could  meet  with  volatile  falts  of  fi- 
“  gures  lit  to  Itick  fall  to  the  corpufcles  of 
“  gold,  they  would  carry  thefe  up  along  with 
“  them.  Accordingly,  we  have  made  more  than 
“  one  menllruum,  with  which  fome  particles 
“  of  gold  may  be  carried  up  :  but  upon  ap- 
“  plying  the  menfruum  peracutum ,  which  con- 
**  lifts  of  fpirit  of  nitre  drawn  from  butter  of 
“  antimony,  I  was  able,  without  a  very  vio- 
**  lent  fire,  and  in  the  fpace  of  a  few  hours, 
to  raife  fo  much  crude  gold,  as  afforded  a 
“  conliderable  quantity  of  fublimate*.” 

Gold  expofed  in  a  cupel  to  a  large  burning- 
glafs,  crackles,  emits  fumes,  gradually  di- 
minilhes,  and  leaves  a  ruddy  dye  around  the 
veffel :  ’tis,  probably,  no  other  than  the  earth 
of  the  metal  that  gives  that  rednefs  ;  for  there 
is  no  recovering  of  any  thing  like  gold  from 
it :  fo  that  one  would  imagine  it  fomething 
accruing  from  a  fort  of  analylis  of  the  gold. 

Thefe  are  all  the  fenfible  criterions  of  gold ; 
whence  it  is  next  to  impoflible  to  be  deceived 
therein  :  for  wherever  thefe  ten  properties 
occur,  there  is  certainly  gold ;  and  where  they 
are  all  wanting,  there  is  none.  Take,  for  in- 
ftance,  a  Angle  grain  of  metal,  pretended  to 
be  gold,  and  which  has  many  appearances  of 
it,  put  it  along  with  three  grains  of  antimony 
in  a  cupel,  and  fufe  it  for  the  fpace  of  an 
hour :  if  the  gold  be  pure,  the  whole  grain 
will  be  found  at  the  bottom;  otherwife,  the 
foreign,  or  adulterate  part,  will  be  all  gone 
off,  with  the  antimony  :  which  is  a  proof 
there  is  no  poflibility  of  eluding,  nor  any  dan¬ 
ger  of  being  deceiv’d  by.  Such  charaCteri- 
itics  of  metals,  and  chiefly  of  gold,  are  of  fre¬ 
quent  ufe  in  life ;  efpecially  to  perfons  who 
have  to  do  with  that  fubtile  tribe,  the  alche- 
inifts. 


'The  form  wherein  gold  is  found. 

(d)  Gold  is  found  in  three  different  man¬ 
ners  or  forms,  i .  In  pure  glebes,  or  clods, 
confiding  of  gold  alone  ;  in  which  form  it  is 
fometimes  faid  to  be  met  with  in  Hungary  : 
accordingly  in  the  emperor’s  collection  are 
preferved  feveral  lumps  of  pure  gold,  fo  found 
in  the  mines.  2.  It  is  found  in  a  powdry 
form,  and  then  called  gold-duft,  or  fand-gold, 
in  the  fands  and  mud  of  fome  rivers,  brooks, 
Cf fc.  particularly  in  Guinea  ;  being  waffl’d 
down  from  the  mountains.  Or  torn  from  hid¬ 
den  veins  by  the  violence  of  waters,  abd  ga¬ 
ther’d  up  by  the  miferable  natives.  3.  It  is 
alfo  found,  and  that  molt  ufually,  in  whitifti 
clods,  dug  out  of  mines  an  hundred  and  fifty 
or  an  hundred  and  fixty  fathoms  deep,  inter¬ 
mixed  with  other  foflils,  as  antimony,  vitriol, 
fulphur,  earths,  ftones,  and  other  metals, 
’Tis  very  rare  that  gold  is  found  otherwife 
than  under  this  laft  form  :  we  have  feen  fpe- 
cimens  from  moll  parts  of  the  habitable  globe ; 
but  none  of  them  pure,  except  thofe  from 
the  coafts  of  Guinea:  tho’  the  greateft  part 
brought  from  thence  contains  fome  impure 
heterogeneous  parts ;  the  Negroes  being  apt 
clandestinely  to  mix  filings  of  brafs  or  cop¬ 
per  therewith.  Lax.  Ercker,  affay-mafter  to 
three  emperors  of  Germany,  under  whofe  di¬ 
rections  were  all  the  mines  of  Germany,  Hun¬ 
gary,  Tranfilojania,  and  Bohemia ,  affures  us, 
“  that  ’tis  rare  any  earth  produces  pure  gold* 
“  but  one  metal  or  other  ftill  grows  with  it : 
“  and  even  where  it  appears  pureft  of  all,  it 
“  has  its  lhare  of  filver.”  He  adds,  as  an 
univerfal  rule,  “  that  where  gold  appears  the 
“  pureft,  there  is  filver  mix’d  along  with  it* 
“  and  where  it  is  the  hardeft,  there  is  both 
**  copper  and  filver.” 

The  mountains  of  Chili  fometimes  afford 
pure  gold.  In  the  clefts,  or  drains,  between 
the  ridges,  is  found  a  fine,  ruddy  earth,  be¬ 
neath  which  is  a  lay  of  blue  ftony  matter, 
ftreak’d  here  and  there  with  yellow  ;  and  un¬ 
der  this  there  are  pure  grains  of  gold,  fre- 
L  z  quently 


*  See  Boyle  Air .  V©1.  I.  p.  37 7. 
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3.  The  method  of  feparating  gold  from  its  ore,  is  (1)  By  roafting  it  with  a 
reverberatory  fire,  in  order  to  expel  the  volatile  matters.  (2)  By  boiling  it  in 
water,  to  extract  the  fait  and  un&uous  part,  which  will  rife  and  fwim  on  the 
top.  (3)  By  grinding  it  with  mercury  alone,  provided  it  be  not  unduous  5 
or  if  it  be,  then,  (4)  By  grinding  it  with  mercury  and  calx  of  vitriol,  and  boil¬ 
ing  it  in  water.  (5)  By  means  of  aqua  regia.  (6)  By  means  of  falts  which 
help  to  fix  the  confuming  volatile,  unduous,  or  faline  part,  with  which  the 
gold  otherwife  flies  off  in  the  fire,  to  great  lofs.  (7)  By  mere  lotion  with 
water,  which  method  chiefly  obtains  in  that  called  gold-duft  ( e ).  See 

upon, 

and  other  metals  :  whence  arife  feveral  pro- 
ceffes,  or  operations  for  the  feparating  or 
clearing  it  of  the  fame. 

1 .  The  firft  is,  to  reverberate  the  mafs  in  the 
fire  ;  or  to  lay  it  on  a  grate, and  there  torrify,. 
or  roafl  it,  ftirring  and  turning  it  continually, 
till  all  the  fulphur  be  evaporated  in  fmoke. 
This  is  performed  at  the  mines  by  the  work¬ 
men  themfelves  ;  and  is  called  torrifyivg,  fu¬ 
ming,  and  feparating  gold  from  the  fulphur. 

2.  After  torrifying,  and  gently  bruifing 
the  mafs,  they  boil  it  in  water,  till  it  has 
loft  all  tafte  and  fmell ;  pouring  on  from  time 
to  time  frefh  water,  and  throwing  away  the 
old.  At  length,  after  a  fufficient  coftion,  the 
water  is  pour’d  out,  and  the  gold  remains  at 
the  bottom.  The  matter  remaining  in  the 
veftel  being  well  dried,  they  try  by  cupella- 
tion,  whether  it  be  gold,  or  not; 

3.  If  it  be  not,  they  grind  the  mafs  to 
powder,  and  boil  it  up  with  mercury  and 
fait  for  five  or  fix  days ;  and  after  ’tis  ground, 
boil’d,  and  elixated,  what  remains  is  well 
dried,  and  ground  with  mercury  in  a  large 
mortar.  Upon  this,  the  mercury  draws  to 
itfelf  all  the  gold,  and  fome  other  metallic 
matter,  it  having  a  peculiar  property  of  uni¬ 
ting  to  itfelf  either  gold,  filver,  or  ^ead  ;  tin 
more  flowly,  copper  with  difficulty,  and  iron 
or  ftone  never.  It  alfo  joins  itfelf  to  fulphur  : 
but  in  this  cafe,  the  fulphur  is  fuppofed  all 
taken  away  by  the  firft  procefs  ;  and  all  the 
fait  and  oil  elixated  by  the  fecond.  If  thefe 
were  remaining,  the  whole  would  make  a 
fort  of  cinnabar ;  but  as  they  are  away,  the 
only  impurities  remaining,  befide  filver  and 
lead,  a re  copper,  iron,  and  ftones. 

4.  This  being  done,  the  whole  mafs,  mer¬ 
cury  and  all,  is  put  in  a  large  trough,  and 
water  pour’d  upon  it ;  and  the  whole  ftirr’d 
brifkly  about :  out  of  this  vefiel  the  water  is 
pour’d  into  another,  where  it  is  ftirred  as  be¬ 
fore  ;  and  out  of  that  poured  into  a  third : 
by  which  means  the  earthy  part  is  kept  fuf- 
pended  in  the  water,  and  the  heavy  metallic 

part 

*  Vid.  Dili,  de  Com .  4  See  Boyl.  Abr.  Vol.II.  p.  322.  $  Phil.  ‘TranJ.  N°.  58. 

j|  See  Boyl.  Abr.  Vol.  I.  p.  59,  157,  158.  and  Yol.  II.  p.  324,  325. 


quently  of  confiderable  fize.  To  procure  the 
gold,  they  diredt  the  current  of  fome  rivulet 
hither,  to  carry  off  the  incumbent  earth,  and 
lay  the  bed  of  gold  bare.  This  done,  they 
dig  up  the  precious  earth,  and  carry  it  to 
the  lavadero’s,  where,  by  repeated  lotion, 
the  earthy  lighter  part  is  feparated,  and  the 
gold  left  alone  *. 

“  There  is  alfo  a  place  in  Scotland,  where, 
**  over  a  lead-mine,  near  the  furface  of  the 

ground,  they  often  find  large  grains  of  na- 

"  tive  gold,  free  from  any  fpar. - 1  have, 

"  fays  Mr.  Boyle,  ftill  a  piece  of  native  metal 
"  by  me,  which  came  from  the  fame  place, 
"  in  weight  above  forty  grains,  wherein  gold 
"  is  the  predominant  metal  f.” 

"  They  have  work’d  in  the  gold-mine  at 
"  CremrAtz,  fays  Dr.  Brown,  now  upwards 
"  of  nine  hundred  years.  The  mine  is  feve 
"  ral  Englijb  miles  in  length,  and  about  an 

"  hundred  and  fixty  fathoms  deep. - Of 

"  the  ore,  fome  is  white,  fome  black,  red, 
'•*  and  yellow.  It  is  not  rich  enough  to  ad- 
**  mit  of  any  proof  in  a  fmall  parcel,  to  find 
"  the  proportion  of  metal  it  contains ;  but 
"  they  pound  a  very  large  quantity  of  it,  and 
*'  walk  it  in  a  little  river  running  nigh  the 
"  place.  The  whole  river  being  divided  into 
**  feveral  cuts,  runs  over  the  ore  continually, 
"  and  fo  wafhes  away  the  earthy  parts  from 
"  the  metalline.  The  common  yellow  earth 
"  of  the  country  all  about,  tho’  not  efteenTd 
"  ore,  affords  fome  gold :  and  in  one  place 
"  I  faw  the  fide  of  a  hill  dug  away,  which 
"  had  been  caft  into  the  works,  wafh’d,  and 
"  wrought  in  the  fame  manner  as  pounded 
"  ore,  with  confiderable  profit  J  .” 

It  may  be  added,  that  gold  is  fometimes 
alfo  obtain’d  from  copper- ore ;  from  tin-ore, 
from  common  marcafite,  from  a  red  earth, 
torn  land,  from  German  talc,  &fc||. 

Methods  of  feparating  Gold. 

(f)  We  have  obferved,  that  the  gold  dug 
cut  of  mines  has  always  fome  foreign  matter 
adhering  to  it  ;  particularly  fulphur,  earths. 
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upon  this  head,  Laz.  Erker,  Lord  Bacon ,  and  the  Philosophical  Tranf- 
attions  (/). 


part  fubfides.  This  operation  they  continue 
lo  long,  and  repeat  fo  often,  till  the  water  is 
found  perfectly  clear. 

5.  What  remains  at  the  bottom,  they  put 
in  a  crucible,  or  iron  veffel,  and  fet  it  in  a 
naked  fire  j  where,  after  an  intenfe  heat,  they 
find  all  the  metallic  matter  at  the  bottom,  and 
the  fcoria  at  the  top. 

6.  The  mafs  of  metal  at  the  bottom,  they 
feparate  from  the  mercury,  by  adding  lead 
thereto,  and  diftilling  the  whole  in  a  retort ; 
upon  which  the  mercury  comes  over,  leaving 
only  the  gold  and  filver  at  the  bottom  :  then 
they  pour  thereon,  either  aqua  regia,  or  aqua 
fortis  ;  the  firft  diffolving  the  gold,  and  leav¬ 
ing  the  filver  entire  ;  and  the  latter  diffolving 
the  filver,  and  leaving  the  gold  entire.  And 
by  fuch  means  they  are  feparated  from  each 
other. 

This  is  by  much  the  moll  artful  way  of  get¬ 
ting  gold  out  of  the  ore  ;  tho’  ’tis  but  of  mo¬ 
dern  invention  :  had  the  Spaniard t  been  ac¬ 
quainted  with  it  from  their  firtl  fettlement  in 
America ,  they  might  have  faved  immenfely 
thereby. 

This  method  is  prattifed  by  the  Spaniards 
in  Peru  ;  but  as  the  quality  of  the  ore  is  va¬ 
rious,  in  various  places,  different  proceffes  are 
to  be  employ’d.  That  ufed  at  Schemni(z,Scc. 
in  Hungary,  is  given  us  by  Dr.  Brown,  as 
follows  : 

“  They  have  divers  ways  of  taking  the 
“  gold  out  of  its  ore ;  by  burning  the  ore, 
“  by  melting  it,  by  adding  filver  ore,  and 
“  other  minerals,  fand,  and  lead,  as  they 
“  find  the  ore  fluid  or  fix’d.  Without  lead 
“  the  procefs  is  thus :  they  break,  and  pound 
“  the  ore  very  fine,  in  water  ;  and  then  wafh 
“  it  often,  and  lay  it  in  powder  upon  cloths, 
“  and  by  the  gentle  oblique  defcent  of  the 
“  water  over  it,  and  their  continual  flirring 
“  it,  the  earthy,  clayey,  and  lighter  parts 
“  are  wafh’d  away,  the  heavier  and  metalline 
“  remaining  in  the  cloths.  Thefe  cloths  they 
“  afterwards  wafh  clean  in  feveral  tubs ;  and, 
“  after  fome  fettling,  pour  off  the  water  from 
“  the  fediment,  wafhing  the  fediment  over 
“  again,  and  flirring  it  up,  in  feveral  veffels. 
“  At  length,  they  fprinkle  quickfilver  on  it, 
“  and  knead  it  well  together  for  an  hour ; 
**  then  wafhing  it  again  in  a  wooden  veffel, 
“  after  feparating  fo  much  of  it  as  the  quick- 
<!  filver  does  not  touch,  by  ftriking  the  veffel 
<c  againfl  their  leg,  they  bring  the  gold  and 
‘‘  quickfilver  together,  in  an  amalgama,  to  a 
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“  corner.  From  this  amalgama  they  flrain 
“  as  much  of  the  quickfilver  as  they  can  ; 
“  firft  thro’  coarfe  cloths,  and  then  thro’ 
“  finer  :  then  put  the  remaining  mafs  on  a 
“  perforated  plate,  which  they  fet  over  a  deep 
“  pan  placed  in  the  earth ;  in  the  bottom 
“  whereof  they  alfo  put  quick-filver.  This 
**  pan  they  cover,  and  lute  the  cover  well ; 
“  then  make  a  charcoal  fire  on  it,  and  drive 
“  the  quick-filver,  yet  remaining  in  the  gold, 
“  to  the  reft  in  the  bottom  of  the  pan.  Laftly, 
“  taking  out  the  gold,  they  call  it  into  the 
“  fire,  to  render  it  purer 

(f)  The  ancient  phyficians  fay  little  of 
any  medicinal  virtue  in  gold  :  the  firft  who 
mentions  it  is  Diofcorides,  and  that  but  tran- 
fiently,  and  only  when  fpeaking  of  mercury  ; 
where  he  fays  that  gold-filings  are  a  good  me¬ 
dicine  for  fuch  as  have  taken  too  much  mer¬ 
cury  ;  whence  it  fhould  feem  that  he  knew 
gold  would  amalgamate  with  mercury.  Pliny 
lays,  gold  is  a  good  medicine  in  many  cafes  j 
and  mentions  its  virtues  in  external  applica¬ 
tion.  The  Arabians  attribute  many  virtues 
to  it ;  Avicenna  fays  it  is  cordial,  and  of  ufe 
in  the  alopecia ,  ferpigo,  and  pains  of  the  eyes, 
heart,  &c.  but  he  appears  to  fpeak  rather 
from  conjecture  than  experience.  The  alche- 
mifts,  however,  have  carried  the  thought 
much  farther:  they  will  have  this  metal  con¬ 
tain  a  radical  balm  of  life,  capable  of  re- 
ftoring  health,  and  continuing  it  to  the  lon- 
geft  period.  Gold,  fay  they,  has  in  it  a  ful- 
phur,  perfectly  friendly  to  nature,  like  that 
of  the  fun,  which  animates  the  univerfe:  and 
on  fuch  notions  they  have  form’d  a  thoufand 
chimerical  projefts,  which  experiment  has  al¬ 
ways  falfified. 

What  led  the  Arabs  and  alchemifts  to  ima¬ 
gine  fuch  wonderful  virtue  in  gold,  was,  that 
they  perceiv’d  certain  qualities  therein,  which 
they  fancied  might  be  convey’d  thereby  into 
the  body.  Gold,  for  inftance,  is  not  capable 
of  being  deftroy’d  ;  hence  they  concluded  it 
muft  be  very  proper  to  preferve  animal  fub- 
ftances  from  putrefaction  :  which  is  a  method 
of  reafoning  much  like  that  of  fome  fanciful 
men,  who  fought  for  a  pacifying  remedy  in 
the  blood  of  an  afs’s  ear,  becaufe  the  afs  is  a 
very  calm  beaft. 

The  alchemifts  place  their  hopes  in  the  ful- 
phur  of  gold ;  whereas  we  have  a  ftrong  pre¬ 
sumption,  that  there  is  no  fingular  virtue  in 
the  fulphur  of  any  metal ;  fince,  when  that  is 
evaporated,  any  fat  matter,  whether  of  an 
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animal,  or  vegetable,  will  fupply  its  place ; 
and  being  added  to  the  calx  of  the  metal, 
will  revivify,  and  give  it  its  priftine  form. 

Yet  gold  may  ftill  retain  fome  ufe  in  me¬ 
dicine.  The  aurum  potabile ,  in  particular, 
is  praifed,  though  the  attempts  to  make 
it  fo  feldom  fucceed,  that  many  have  pro¬ 
nounc’d  the  preparation  impracticable.  Mr. 
Boyle,  however,  a fiures  us,  that  he  had  a 
tnenjlruum ,  which  with  a  gentle  heat  would 
foon  bring  gold  enough  over  upon  a  firft  or 
fecond  diltillation  to  afford  a  high,  yellow, 
volatile  tinClure  :  But  as  he  could  eafily  reco¬ 
ver  a  malleable  gold  therefrom,  he  durft  not 
pretend  to  do  any  wonders  with  it.  The 


fame  author  obferves,  that  the  folutlon  of 
gold  applied  externally,  may  have  very  con- 
liderable  effetts  ;  and  thofe  of  a  different  kind 
from  what  it  has  internally  :  of  which  he 
gives  inltances  in  the  piles,  and  venereal  dif- 
orders  * . 

To  profecute  the  hijlory  of  gold,  and  the  o- 
ther  metals  in  its  full  extent,  would  be  to 
write  a  volume  j  the  fubjeft  is  fo  fruitful,  as 
well  as  curious  and  ufeful.  In  our  additional 
notes  we  fhall  rather  have  a  view  to  a  theory 
of  chemifry,  as  defined  by  the  author  ;  for 
which,  however,  the  nature  of  our  under¬ 
taking  will  only  allow  us  to  give  a  few 
hints. 


Additions  to  the  Article  Gold. 


Gold  not  only  fuftains  the  four  capital 
proofs  of  cupellation,  quartation,  royal,  and 
antimonial  cementation  ;  but  alfo  trituration, 
and  amalgamation,  without  any  decreafe  of 
weight. 

How  allayed,  or  combined  with  other  metals , 
and  how  feparated  again  therefrom. 

1.  Gold  is  immifcible  in  fufion  with  com¬ 
mon  fait,  many  neutral  and  alkaline  falts, 
mineral  fulphur  per  fe,  lead,  and  antimony. 

2.  Mifcible  with  various  metals  by  fufion, 
as  copper,  filver,  &c. 

3.  With  regulus  of  antimony,  or  tin  by 
calcination  ;  thence  affording  a  very  fine 
powder,  of  curious  ufe  for  Raining  glafs 
red. 

4.  A  like  powder  produced  by  fufing  it 
with  a  large  proportion  of  tin,  and  two  thirds 
of  lead. 

5.  Yields  an  almoftirreducible  powder  upon 
being  calcin’d  with  iron. 

6.  A  dufky  yellow  powder  procurable  by 
fufing  it  with  thrice  its  quantity  of  sdnk. 

7.  Separated  in  aurum  fulminans,  by  mix¬ 
ing  one  part  thereof  with  half  its  quantity  of 
powdered  fulphur,  then  putting  the  mixture 
into  an  earthen  veffel  over  the  fire  :  thus  the 
fulphur  melts,  and  immediately  goes  off  by 
deflagration  ;  whilft  the  remaining  calx,  not 
Fulminating  any  more  with  borax,  or  any  o- 
ther  flux,  is  now  by  fufion  eafily  reduced  to 
gold. 

8.  Separable  from  iron,  copper,  tin,  or  o- 
ther  minerals,  by  fufing  with  thrice  the  quan¬ 
tity  of  vitrum  Saturni. 

9.  Gold  and  filver  feparated  from  each  0- 
ther  by  quartation. 

10.  Gold  likewife  feparable  from  iron,  cop¬ 
per,  tin,  &c.  by  fufing  with  a  due  propor¬ 
tion  of  regulus  of  antimony  and  nitre. 

11.  Untradable  gold  feparated  from  tin  by 

•  See  Boyle  Abr.  Vol.  I,  p.  63. 


the  black  flux,  and  by  vitrification  with  v  it  rum 
Saturni ,  and  nitre. 

12.  Gold  feparable  from  a  fmall  quantity 
of  tin,  by  adding  a  little  mercury- fublimate 
to  the  matter  in  fufion. 

13.  From  particles  of  an  antimonial  and 
arfenical  kind,  by  boiling  the  matter  in  an 
alcaline  lixivium,  fo  as  to  give  thofe  particles 
a  degree  of  fixednefs,  and  afterwards  adding 
nitre,  glafs,  and  alcaline  falts,  whilft  the 
matter  is  in  a  gentle  fufion. 

Its  Menftrtiums,  or  Solvents ,  &C. 

1.  Gold  is  diflblv’d  by  the  Condens’d  fumes 
arifing  from  a  cautious  gradual  mixture  of  the 
oils  of  vitriol  and  tartar.  Kunkel  recom¬ 
mends  this  as  the  beft,  tho’  floweft  folvent  of 
gold. 

2.  Alfo  diflolvable  in  an  aqua  regia  of  a 
particular  kind  ;  and  in  the  perpetual  fuming 
lpirit  of  Libavius. 

3.  In  a  menftruum,  prepared  of  a  pound 
of  the  phlegm  of  common  aqua  fortis,  and 
four  ounces  of  fea-faltj  the  leaves  of  gold 
being  boiled  therein,  and  the  phlegm  be¬ 
ing  afterwards  drawn  off,  there  will  fhoot 
cryftals  of  a  deep  red  colour,  and  violet 
fmell  +. 

4.  Gold  is  likewife  diflolvable  in  a  menr 
ftruum  diftill’d  from  oil  of  vitriol  and  fait  of 
tartar ;  and  if  the  experiment  be  rightly  made, 
this  fhews  the  error  of  the  common  opinion 
of  the  impoflibility  of  diflolving  gold,  except 
in  aqua  regia,  or  a  menftruum  prepared  with 
fea-falt. 

5.  Diflolved  by  mercury  and  heat  in  amal¬ 
gamation.  And  the  more  frequently  this  o- 
peration  is  repeated  with  frefh  mercury,  and 
the  help  of  trituration,  the  eafier  of  fufion 
the  gold  becomes.  This  amalgam,  upon 
being  well  ground  for  a  confiderable  time 
with  pure  water,  or  the  phlegm  of  vitriol,  af¬ 
fords 

■f  Vid.  Caffus. 
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ords  a  black  powder,  feparate  from  the  gold, 
and  a  fait  of  a  peculiar  kind. 

6.  By  the  compound  fulphurated  fait,  made 
of  fal.  mirab.  and  wood-coals. 

7.  By  deflagration  ;  one  part  of  gold  being 
mixed  with  three  parts  of  regulus  of  antimony, 
and  equal  parts  of  nitre,  tartar,  and  fulphur  : 
obferving  to  keep  a  flow  fire  in  the  beginning, 
to  prevent  the  fufion  of  the  metal,  before  the 
fu-lphur  burns. 

8.  Gold  is  foon  intimately  diflolv’d  by  fi¬ 
fing  it  with  liver  of  fulphur  ;  fo  that  if  a  fo- 
lution  of  the  remaining  matter  be  made  in 
water,  no  feparation  of  parts  enfues;  and 
by  precipitation  with  vinegar,  the  gold  falls, 
united  with  the  fulphur,  to  the  bottom  of  the 
containing  veflel. 

Its  various  Preparations. 

r.  Gold  ground'  with  pumice,  and  after¬ 
wards  fufed  with  equal  parts  of  nitre,  borax, 
and  pot-afhes,  affords  a  fine  tranfparent  red 
glafs ;  a  few  grains  of  gold  fubfiding. 

2  Expofed  in  the  focus  of  a  burning-glafs, 
it  crackles,  and  throws  off  to  the  diftance  of 
feven  or  eight  inches,  all  around,  a  number- 
lefs  quantity  of  fmall  fparkles  ;  which  being 
received  on  paper,  exhibit  a  powder  of  entire 
gold.  And  the  fame  gold  being  farther  urged, 
appears  to  be  cover’d  with  a  glafly  powder, 
and  fmokes  as  foon  as  removed  from  the  fo¬ 
cus  ;  whilft  the  remainder  that  does  not  go  off 
iii  fumes,  is  chang’d  into  a  kind  of  vitriol, 
of  a  violet  colour,  and  lefs  ponderous  than 
gold*. 

3.  Gold,  by  a  long  gentle  ignition,  is 
chang’d  into  a  fpongy  calx,  and  fo  far  de- 
ftroy’d,  as  not  to  be  reducible  in  the  common 
way,  to  the  fame  form  again.  But,  previous 
to  this  operation,  it  fhould  be  brought  into 
a  fine  powder,  either  by  amalgamation,  folu- 
tion  in  aqua  regia ,  and  precipitation  by  fpirit 
of  wine,  or  fome  other  fluid. 

4.  Gold  united  with  other  metals,  as  cop¬ 
per,  or  filver,  by  cementation,  with  a  due 
quantity  of  nitre,  powder  of  bricks  and  vi¬ 
triol,  and  alfo  veraigreafe,  or  blood-ftone } 
not  only  becomes  porous,  and  friable,  but 
higher- coloured ;  efpecially  if  a  large  pro¬ 
portion  of  any  other  metal  adhered  thereto. 

5.  A  powder  procurable  from  gold  by  cal¬ 
cining  it  with  common  fait,  hart’s-horn,  or 
pumice. 

6.  Reducible  to  a  calx,  by  being  fufpended 
over  burning  phofphorus. 

7.  Into  a  powder  called  aururn  fulminant, 
by  pouring  oil  of  tartar  per  deliq.  to  a  flota¬ 
tion  of  this  metal  in  aq.  regia ,  containing  fal- 
ammoniacj  which  caufes  a  precipitation  of 
the  metal  in  the  form  of  a  yellow  powder. 


(1)  The  gold  is  thus  increafed  in  weight, 
fo  as  from  a  dram  to  weigh  four  fcruples  j  and 
no  edulcoration  will  reduce  it  to  its  former 
weight. 

(2)  This  preparation  lofes  its  fulminating 
effett,  if  too  much  oil  of  tartar  be  ufed  ; 
which  may  be  recovered  by  pouring  fpirit  of 
urine,  fal-ammoniac,  or  fpirit  of  wine  to  the 
calx,  and  then  gently  drying  it. 

(3)  A  yellow  tinfture,  obtainable  by  di- 
gefting  this  powder  with  dulcified  fpirit  of 
fait  ;  which  will  ftill  retain  its  former  explo1- 
five  virtue,  after  the  fpirit  is  drawn  off. 

(4)  This  property  is  deftroyed  by  melting 
it  with  flower  of  fulphur  ;  which  being  burnt 
away,  leaves  behind  it  a  purple  crocus.  The 
fame  effedt  produced  by  adding  a  few  drops 
of  oil  of  vitriol,  or  fpirit  of  fulphur,  whilft  it 
is  grinding. 

(5)  By  moiftening  it  with  oil  of  vitriol,  and 
then  committing  it  to  diftillation,  a  certain 
volatile  acid  fait  is  procur’d. 

(6)  A  brown  calx  is  precipitated  by  the 
addition  of  a  folution  of  mercury  in  aqua  for - 
tis ,  to  that  of  gold  in  aqua  regia. 

(7)  The  fame  Ablution,  after  being  diluted 
with  a  large  quantity -of  diftilled  water,  and 
then  mixt  with  a  confiderable  proportion  of 
mercury,  is  in  time,  by  frequently  lhaking. 
them  together,  gradually  more  and  more  taken, 
up  by  the  mercury,  and  a  feparation  of  its 
parts  enfues.  But  if  mercury  be  thrown  into 
a  faturated  folution  of  gold,  they  both  fubfide 
in  the  form  of  a  powder,  and  are  not  eafily 
feparated  by  aqua  regia. 

(8)  This  folution  is  commodioufly  precipi¬ 
tated  by  copper ;  and  in  order  to  have  this 
more  pure,  Caff  us  advifes  to  put  cryftals  of 
verdigreafe,  and  Kunkel  vitriol  of  copper,  to 
a  dilute  folution  of  gold.  Either  way  the 
gold  falls  to  the  bottom  pure,  in  its  native 
form,  and  appears  of  a  moll  beautiful,  and 
highercolour  than  itufually  is  per  fe.  Whence 
this  method  may  be  efteem’d  by  artificers. 

(9)  The  fame  effedt  enfues  upon  adding 
iron  to  this  folution ;  except  that  the  gold 
is  not  fo  pure. 

(10)  The  fame  folution  greatly  diluted  by 
water,  and  poured  into  a  tin  veflel,  becomes 
red ;  which  is  the  foundation  of  that  beauti¬ 
ful  precipitation  difcover’d  by  Cajfus.  For 
if  a  folution  of  gold  be  precipitated  by  one 
of  tin,  prepared  after  a  particular  method,  the 
gold  will  be  chang’d  into  a  fine  crocus  for 
ftaining  glafs  of  a  bright  purple. 

( 1 1 )  The  addition  of  wine  vinegar,  a  fotatioh  • 
of  tartar,  or  even  wine  itfelf  to  the  famefolution, . 
will  in  length  of  time  precipitatethegold,inthe 
form  of  ftiining  fpangles  of  native  gold,  Kunkel. 

(i»); 


*  See  Hmberg,  Hi/},  de  l' dead,  des  Seim,  1702, 
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Mercury,  its 
characters , 

*w  eight. 

Simplicity . 


i.  Mercury  is  (i)the  heavieft  of  all  bodies,  except  gold,  and  is  fo  much 
the  heavier,  as  it  is  the  purer  ( g ). 

(2)  It  is  the  mod  fimple  body  ( h ) ;  being  perhaps,  when  well  purify’d,  even 
of  as  fimple  a  nature  as  pure  gold  (z). 


(1  z)  The  fame,  after  having  flood  a  while 
with  oil  of  juniper,  lets  fall  the  gold  in  the 
form  of  fhining  leaves. 

(13)  By  only  drawing  off  the  menflrnum 
wherein  the  gold  is  dhTolved,  a  powder  or 
crocus  will  be  left  behind,  which  being  gently 
ignited  becomes  of  a  purple  colour.  And 
upon  repeating  this  operation  thrice,  always 
pouring  frefh  aqua  regia  to  the  calx,  and  at 
laft  reducing  it  to  the  confluence  of  oil ;  then 
dropping  oil  of  tartar  per  deliq.  thereon,  it 
will  be  deprived  of  its  fulminating  quality,  fo 
as  to  admit  of  having  the  liquor  fafely  drawn 
off  to  drynefs ;  when,  after  edulcoration,  a 
purple  crocus  may  be  thence  procured,  capa¬ 
ble  of  flainirlg  glafs  in  a  beautiful  manner. 

8.  A  black  crocus,  ferving  for  the  pur¬ 
poses  of  gilding,  is  obtain’d  by  dipping  clean 
linnen  cloths  in  a  folution  of  gold,  made  with 
■fix  times  its  quantity  of  aqua  regia  ;  after¬ 
wards  drying,  calcining,  and  reducing  them 
to  powder. 

9.  Tindtures  are  fuppofed  to  be  prepared 
of  gold ;  a  potable  gold  is  alfo  made  :  but 
thefe  are  no  other  than  folutions  of  this 
metal. 

10.  There  is  alfo  an  extraction  of  gold, 
and  an  elegant  trituration  of  gold,  mentioned 
by  Langelot. 

1 1 .  The  Chinefe  and  Japonefe  are  faid  to 
■have  the  art  of  foftening  gold  and  iron :  fo 
■as  to  make  them  take  any  impreffions,  like 
wax  ;  and  of  reftoring  thefe  metals  afterwards 
>to  their  former  hardnefs.  Such  a  difeovery, 
were  it  real,  would  be  valuable  on  many  ac- 
counts. 

12.  Gold  may  be  fubjedled  to  calcination, 
by  means  of  mercury. 

Its  UJes. 

1 .  Its  ufe  in  medicine  is  trifling ;  being  ra¬ 
ther  directed  by  way  of  ornament,  than  for 
any  great  virtue. 

2.  Its  mechanical,  chemical,  and  cecono- 
mical  ufes  are  many. — Upon  being  added  to 
volatile  fubjedls,  efpecially  mercury  and  vo¬ 
latile  gold,  they  are  thereby  fooner  fix’d.  Its 
ufes  in  coin  are  as  obvious,  as  advantageous  : 
it  likewife  ferves  per  fe,  or  by  its  prepara¬ 
tions,  to  form  various  kinds  of  utenfiis,  to  be 
\vrought  in  cloths,  to  gild  other  metals,  and 
even  glafs  itfelf ;  in  enamelling,  by  means  of 


(3) 

a  golden  purple  crocus  thence  obtain’d ;  like- 
wife  in  painting,  and  flaining  of  glafs. 


(g)  From  the  tables  of  fpecific  gravity  it 
appears,  that  there  is  no  body  of  an  interme¬ 
diate  weight  between  gold  and  quickfilver. 
And  flill  the  purer  mercury  is,  the  heavier 
it  is  found  ;  whence  feme  philosophers  hold, 
that  mercury  perfectly  pure,  and  purg’d  of 
all  its  fulphur,  would  exceed  the  weight  eveu 
of  gold  itfelf.  The  ordinary  proportion,  we 
have  obferved,  is  that  of  14  to  19:  if  any 
mercury  be  found  to  weigh  more  than  accor¬ 
ding  to  this  rate,  it  may  be  fufpedted  to  have 
gold  in  it. 

{h)  Accordingly  we  find  it  the  fame  in  all 
its  parts,  fo  far  as  our  obfervation  goes  :  if  a 
fingle  grain  thereof  be  dilfolved  in  fpirit  of 
nitre,  a  proportionable  part  of  the  grain  will 
be  distributed  into  every  minute  particle  of 
the  fpirit ;  and  by  diluting  the  whole  with 
a  folution  of  fea-falt,  the  whole  grain  of 
mercury  will  be  recover’d. 

Had  we  the  mercury  of  the  philofophers 
fo  much  talk’d  of,  called  alfo  vital  mercury , 
mercury  of  metals ,  &c.  ’tis  afferted  we  fhould 
find  it  flill  vaftly  fimpler  even  than  gold  :  for, 
from  gold,  we  can  fometimes  feparate  mer¬ 
cury,  and  fometimes  fulphur ;  but  from  pure 
mercury,  nothing  befide  itfelf  can  be  1‘epa- 
rated. 

This  great  fimplicity  of  mercury,  has  made 
it  pafs  among  chemifts,  for  one  of  the  fimple, 
primary  elements  of  bodies ;  and  even  M. 
Homberg,  who  confiders  an  element,  or  prin¬ 
ciple,  in  a  ftrifter  fenfe  than  many  of  the 
relt,  viz.  as  a  body  which  cannot  by  any  a- 
nalyfis  be  reduced  into  fimpler  parts,  treats 
mercury  as  an  element ;  not  that  he  thinks  it 
uncompounded,  but  becaufe  the  method  of  a- 
nalyfing  it  has  not  been  yet  difeovered.  What 
puts  its  compofition  almoft  pall  quefiion,  is, 
that  it  may  be  deltroy’d,  viz.  by  converting 
it  into  a  perfedl  metal,  and  then  expofing  it 
to  a  large  burning-glafs  :  whereas  an  element 
or  perfectly  fimple  body,  ’tis  univerfally  al¬ 
low’d,  mull  be  abfolutely  uncorruptible,  un¬ 
changeable,  &c. 

The  fame  author  endeavours  to  fhew,  that 
the  perfect  metals  are  only  this  mercury, 
having  its  particles,  or  globules,  pierc’d  on 
I  all 


The  Tleeory  of  Che  mis  Tit?. 


(g)  It  is  totally  volatile  in  the  fire,  being  found  to  fly  off  in  form  of  Volatility. 
fume,  by  a  degree  of  heat  not  much  ftronger  than  that  of  boiling  water  (k). 

(4)  It  is  no  way  dudtile  under  the  hammer  (/),  but  divifible  with  fmall  Not  mallea- 
force,  into  very  minute  parts,  and  the  more  fo,  as  it  is  the  purer  (m)  ;  nor  is  ^e' 
it  capable  by  any  known  degree  of  cold,  of  coalefcing  into  a  folid  mats.  May 
it  not  hence  be  fufpedted  for  a  kind  of  fluid  gold  (n)  1 

2.  (5)  It  unites  the  mofl  readily  with  gold  of  all  metals,  next  with  lead,  Union  witi 
next  with  filver,  and  next  with  tin  ;  more  difficultly  with  copper,  and  fcarce  metals- 
at  all  with  iron'^0).  May  we  not  hence  argue  that  it  readily  unites  with  the 


all  Tides,  and  filled  with  the  matter  of  fire,  or 
light.  • 

Mercury,  therefore,  may  be  confidered  in 
three  different  Rates  :  the  firft,  in  its  form  of 
a  running  mercury ;  the  fecond,  when  re¬ 
duced  into  a  metal  ;  the  third,  after  the  de* 
ftruftien  of  the  metal.  In  the  firft  ftate  it 
confifts  of  little  folid  fmooth  globules.  In  the 
fecond,  of  thofe  fame  globules  perforated  on 
all  Tides,  by  the  rays  of  light  lodged  therein. 
In  thethird,  of  the  fame  globules  perforated  on 
all  fides,  but  the  perforations  left  vacant,  and 
by  the  pafiing  of  fo  much  light  thro’  them, 
during  the  dcftruCtion,  fo  enlarged,  as  to  run 
into  one  another,  and  thereby  leave  the  mer¬ 
cury  little  elfe  but  mere  earth  *. 

(i)  Gold  is  faid  above  to  be  the  fimpleft  of 
afl  bodies. 

(£)  In  effeft,  it  does  not  fuftain  the  fire  long 
enough  either  to  boil,  or  ignite  :  tho’  it  mult 
be  added,  that  if  the  fire  be  at  firft  very  gen¬ 
tle,  and  increafed  by  eafy  degrees,  it  may  be 
retained  therein  a  conftderable  time  ;  and  be 
fix’d,  fo  as  at  length  to  ignite  in  the  cruci¬ 
ble  :  as  we  learn  from  fome  very  tedious  ex¬ 
periments  made  at  Paris.  The  gilders  are 
but  too  well  acquainted  with  thefe  fumes  of 
mercury,  which  frequently  render  them  epilep¬ 
tic,  or  paralytic;  and  they  fomnimes  falivate  ; 
being  of  fo  penetrating  a  nature,  as  to  take 
away  feirrhous  tumours ;  tho’  very  apt  to 
reach,  and  deftroy  the  nobler  parts. 

(/)  If  du&ility  therefore  be  made  eftential 
to  a  metal,  mercury  is  no  metal ;  but 
vve  lhould  always  remember,  that  defini¬ 
tions  are  arbitrary,  where  natures  are  un¬ 
known. 

m )  Its  parts  feparate,  and  recede  from  each 
other  by  the  fmalleft  force  ;  confequently,  of 
all  bodies,  it  is  that  whofe  parts  cohere  the 
leaft,  or  are  the  leaft  tenacious ;  and  there¬ 
fore,  of  all  others,  the  leaft  du&ile  and  mal¬ 
leable.  The  parts  of  water  do  not  divide  fo 
readily  as  thofe  of  quickfilver  ;  and  the  parts 
of  oil  much  lefs :  there  is  a  certain  tenacity, 
even  in  the  parts  of  fpirit  of  wine,  which  re- 


mercurv 
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lifts  a  feparation  ;  but  there  is  fcarce  any  co* 
hefion  at  all,  in  the  parts  of  mercury.  If 
you  take,  for  inftance,  a  Tingle  grain  thereof, 
lay  it  on  a  looking-glafs  in  dry  weather,  and 
in  a  place  not  dufty,  and  apply  a  lens  thereto, 
which  only  touches  it  in  one  point ;  the  grain 
of  mercury  will  fly  into  a  thoufand  globules ; 
each  of  which,  upon  the  leaft  touch  of  the 
lens,  will  again  fly  into  a  thoufand  lefter  glo¬ 
bules,  and  fo  on,  paft  comprehenfion.  And 
yet  all  thefe  globules,  tho’  infinitely  reduced, 
remain  unchang’d  as  to  fpecific  weighty  opa¬ 
city,  and  feparability.  The  particles  of  mer¬ 
cury  view’d  with  a  miferofeope,  appear  per¬ 
fectly  fmooth  and  polite,  and  reflect  objeds : 
fo  that  looking  on  them,  you  fee  all  the  cir¬ 
cumjacent  bodies,  as  in  a  mirror. 

Mr.  Boyle  propofes  the  applying  a  micro- 
fcope  to  the  minute  particles  of  mercury ;  by 
means  whereof,  a  globule,  invifible  to  the 
beft  eye,  will  afford  an  agreeable  and  diftindt 
•profpeCt  of  all  the  neighbouring  objects  -f\ 

The  third  property  of  mercury,  whicli  in¬ 
deed  depends  on  the  fecond,  is,  that  of  all 
bodies  it  is  divifible  into  the  minuteft  parts. 
Thus,  being  expofed  to  the  fire,  it  refolves 
into  a  fume  fcarce  perceiveable  to  the  eye  ; 
but  in  whatever  manner  it  be  divided,  it  Hill 
retains  its  nature,  and  is  the  fame  fpecific 
fluid  :  for  the  vapours  of  diflill’d,  or  volati¬ 
liz’d  mercury,  receiv’d  in  water,  moift  lea¬ 
ther,  or  the  like,  become  pure  mercury.  And 
if  mercury  be  mix’d  with  other  bodies,  in  or¬ 
der  to  fix  it,  (for  it  is  fcarce  fixable  of  itfelf) 
it  is  eafily  feparable  from  them  again,  by 
fire ;  and  reducible  into  as  pure  mercury,  as 
before. 

(n)  We  have  been  allured,  that  the  author 
had  fluid  gold,  and  folid  quickfilver  in  his 
poffeflion.  The  faCl  may  deferve  to  be  en¬ 
quired  into. 

( 0 )  The  adepts  talk  of  making  an  amal¬ 
gam  with  mercury  and  iron  ;  but  the  expe¬ 
riment  would  never  fucceed  with  us.  ’Tis 
poffible  there  may  be  fome  way  of  binding 
thofe  two  bodies  together ;  and,  no  doubt  an 

M  amal- 


*  See  Homberg ,  on  the  principles.  See  Boyle  Abr.  Vol.  I.  p<  202. 
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Diffolution. 
Difficult  to 
turn  to  gold. 

Where  found. 
In  <what 
form. 


mercury  which  makes  the  bafis  of  metals,  by  fome  affinity  of  nature  there¬ 
with  ;  and  this  the  readier  where  there  is  a  greater  quantity  of  mercury,  and 
lefs  of  a  foreign  matter  in  the  metal  ? 

3.  (6)  It  difiolves  m  aquafortis  and  aqua  regia  (p).  Hence  appears  the 
difficulty  of  converting  mercury  into  gold ;  fince  in  order  thereto,  we  muft 
give  it  new  weight,  fixity  and  duftility  ;  and  yet  of  all  bodies,  its  nature 
comes  neareft  to  that  of  gold. 

4.  At  this  time  the  greater  quantity  comes  from  Friuli ;  where  it  is  found  ; 
(1)  In  a  hard  ftony  ore  of  the  colour  of  crocus  metallorum.  (2)  In  a  foft  earth, 
which  contains  it  pure  and  running.  (3)  In  roundiih  ftones.  (4)  And  in 
fome  places,  in  cinnabar  (q). 


5* 


amalgam  might  be  made,  by  adding  a  large 
quantity  of  gold  to  the  iron  :  but  then,  if  the 
compound  were  beat  to  powder,  the  iron 
would  wafh  away  in  water,  and  the  gold  re¬ 
main.  On  this  account  it  is,  that  fuch  as 
have  occafion  to  work  with  quickfilver,  al¬ 
ways  make  choice  of  iron  inftruments  for  that 
purpofe. 

Mercury,  in  adhering  to  gold,  we  obferve, 
renders  it  humid  :  thus  we  have  known  wo¬ 
men  in  a  falivation  have  their  ear-rings  grow 
white,-  and  foft  with  the  mercury.  And 
hence  the  gilders,  to  lay  gold  on  any  other 
body,  difiblve  it  in  hot  mercury  ;  which 
done,  they  apply  the  folution  on  the  body  to 
be  gilt,  fuppofe  filver :  then  fetting  it  over 
the  coals,  the  mercury  flies  away,  and  leaves 
the  gold  adhering  like  a  cruft,  to  the  filver. 

It  may  be  added,  that  mercury  is  a  fluid 
which  adheres  to  no  body,  but  metalline  ones; 
anlefs  driven  thereto  by  force  of  attrition,  as 
in  athiops  mineral ,  where  by  a  long  inceflant 
ruhbing,  mercury  and  fulphur  are  made  to 
mix.  And  hence  mercury  is  called,  the  “  wa- 
“  ter  that  wets  not  the  hands.” 

( p )  It  diflolves  in  almoft  all  acids,  and  u- 
sites.  itfelf  with  them  :  at  leaft,  with  all  mi¬ 
neral  acids.  Thus  we  find  it  diftolve  in  oil 
of  vitriol,  fpirit  of  nitre,  and  aqua  regia.  It 
is  united  with  oil  of  vitriol  into  turbith  mine¬ 
ral ,  with  aqua  regia,  or  fpirit  of  fea-falt,  into 
corrofive  fublimate.  Yet  vinegar  does  not 
diflolve  it ;  and  hence  we  are  furnifhed  with 
a  method  of  detecting  the  frauds  of  druggifts, 
<yfc.  who  make  a  practice  of  fophifticating 
quickfilver  with  lead.  For  grind  the  mercury 
in  a  mortar  with  vinegar  ;  and  if  the  vinegar 
grows  fweetilh,  ’tis  a  proof  the  mercury  is 
mix’d  with  lead :  if  it  have  been  adulterated 
with  copper,  the  vinegar  will  turn  greenifh, 
or  bluifh ;  but  if  unadulterate,  the  mercury 
and  vinegar  will  both  remain  without-  alte¬ 
ration. 


Some  add,  as  a  further  property  of  mer¬ 
cury,  that  of  all  fluids  it  is  the  coldeft  and 
the  hotteft,  fuppofing  the  circumftances  alike. 
This  property  depends  on  the  great  weight  of 
mercury  :  for  the  heat  and  cold  of  all  bodies, 
is,  cateris  paribus ,  as  their  weights :  now, 
mercury  being  fourteen  times  heavier  than 
wTater,  if  both  of  them  be  expofed  in  a  win¬ 
ter’s  night  to  the  fame  cold,  the  mercury 
muft  be  fo  much  colder  than  water,  as  it  is 
heavier.  So,  alfo,  if  they  be  both  applied 
to  the  fame  degree  of  heat;  while  the  water 
is  barely  warm,  the  mercury  will  be  hot  e- 
nough  to  burn  the  hands.  Thus,  in  fpirit  of 
wine,  we  perceive  a  flight  degree  of  cold ; 
more  in  water ;  and  moil;  in  mercury. 

Notwithftanding  mercury  receives  fuch  a 
degree  of  cold,  its  great  feparability  and  flui¬ 
dity  prevents  its  congealing.  Mr.  Boyle  tried 
various  ways  to  bring  it  to  freeze  by  making 
an  extreme  cold,  and  expofing  an  exceedingly 
thin  ikin  of  mercury  thereto ;  but  without 
effedt  *. 

Others  add,  as  a  property  of  mercury,  that 
it  is  free  of  all  iharpnefs  or  acrimony.  It 
fhews  no  acrimony  to  the  tafte  or  touch  ;  but 
the  extraordinary  effedts  it  produces  in  the 
body  have  given  rife  to  a  notion  of  its  being 
acid  ;  but  the  cafe  is  otherwife  :  when  receiv’d 
into  the  blood,  it  only  adts  by  the  weight 
and  velocity  of  its  minute  particles  ;  by  which . 
momentum  it  tears  and  deftroys  the  veflels, 
and  thus  occafions  thofe  great  alterations  falfely 
attributed  to  acrimony.  In  effedl,  all  its  me¬ 
dicinal  operations  are  to  be  accounted  for  from 
the  properties  already  enumerated. 

The  Form  wherein  Mercury  is  found. 

{q)  The  greateft  part  of  our  quickfilver  is 
brought  from  Friuli,  where  there  are  abun¬ 
dance  of  mines,  belonging  to  the  emperor :  it 
is  there  found  under  three  l'everal  forms.  1 .  In 
ruddy  glebes,  or  red  mineral  ftones  called  cin¬ 
nabar.  z.  In  hard  ftony  glebes,  or  fubftances 


*  See  Boyle  Abr .  Vol.  I.  p.  597. 
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5.  The  method  of  feparating  it  from  the  ore,  is  either  by  diftillation,  or  Separation 
by  fifting  and  wafhing  it  with  water.  What  is  found  native  in  the  mines  from  its  otc 
without  fire,  is  called  virgin  mercury  (r). 

Of 


of  a  faffron,  and  fometimes  a  blackilh  colour. 
3.  It  is  alfo  found  pure  i  for,  upon  opening 
holes  in  the  beds  of  Hones,  £3 V.  there  fome¬ 
times  gulhes  out  a  ftream  of  pure  mercury, 
call’d  virgin  mercury.  This  laft  fort  is  the 
moft  valued.  Paracelfus  and  Bajil  V a  lent  in  e 
prefer  it  to  any  other  fort  for  chemical  ope¬ 
rations. 

Mercury  is  either  found  in  its  own  proper 
flnines,  or  in  thofe  of  other  metals,  where¬ 
with  it  is  intermixed  :  befides  the  mines  of 
Friuli,  there  are  confiderable  ones  in  Hungary 
and  Spain.  The  earth  or  matter  it  is  found 
in,  is  different  in  different  places  :  In  the  Spa - 
nijb  mines  ’tis  ruddy,  ftreak’d  with  black, 
and  fo  hard  that  there  is  no  digging  it  with¬ 
out  gun-powder.  That  of  th  e  Hungarian 
mines  is  fometimes  a  pretty  hard  ftone,  but 
more  ufually  a  dark-coloured  earth,  inclining 
to  red  :  In  the  mines  of  Friuli  there  is  a 
foftifh  earth,  wherein  virgin  mercury  is  found 
in  little  drops  ;  and  a  hard  ftone  that  yields 
the  common  mercury. 

Mineralifts  generally  diftinguifh  another  fort 
of  virgin  mercury ;  for  the  denomination  is 
common  to  all  mercury  procured  without  fire. 
This  latter  is  what  is  feparated  from  the  earth 
by  waffling  with  water,  and  pafling  thro’  fe- 
veral  fieves. 

Manner  of feparating  Mercury  from  the  Ore. 

{r)  Firf,  they  grind  the  mineral  glebe  into 
powder  ;  which  done,  they  pour  a  great  quan¬ 
tity  of  water  upon  it,  ftirring,  and  working 
the  whole  brifkly  about,  till  the  water  be¬ 
comes  exceeding  thick  and  turbid  :  this  water 
having  flood  to  fettle,  they  pour  it  off,  and 
pour  on  frefh,  which  they  ftir  and  work  as 
before.  This  they  repeat,  till  the  water,  at 
length,  comes  away  perfe&ly  clear.  Then, 


all  remaining  at  the  bottom  of  the  veflfel  is 
mercury,  and  other  metalline  matter.  To 
this  mafs  they  add  the  filings  of  iron  ;  then, 
putting  the  whole  in  large  iron  retorts,  diftil 
it ;  by  which  means  ail  the  heterogeneous  me¬ 
tallic  and  ftony  part  is  feparated  therefrom, 
and  the  mercury  brought  over  pure. 

The  moft  expeditious  and  advantageous 
manner  of  feparating  quickfilver  from  its  ore, 
when  rich,  is  this.  They  firft  beat  the  mi¬ 
neral  to  powder,  then  put  it  into  earthen  vef- 
fels,  like  long-necks,  or  bird-bottles,  the 
narrow  mouths  whereof  they  flop  with  mofs; 
then  inverting  their  necks  into  the  mouths  of 
fimilar  earthen  veflels,  that  lie  buried  upright 
under  ground,  they  lute  them,  and  make  a 
fire  round  the  upper  veflels,  which  caufes  the 
mercury  to  diftil  per  defcenfum  into  the  re¬ 
ceivers  that  lie  cool  below.  But  when  the 
ore  abounds  with  fulphur,  it  requires  the  ad¬ 
dition  of  lime,  pot-afh,  or  iron-filings,  to 
make  the  mercury  feparate,  and  diftil  off. 

The  virgin  mercury  ordinarily  needs  no¬ 
thing  to  purify  it,  but  a  wafhing  in  common 
water  :  though,  fometimes,  it  is  fo  full  of  an 
arfenical  matter,  that  they  are  oblig’d  to  ftrain 
it  thro’  a  fkin ;  and  fometimes  there  is  an 
earth  united  with  it  fo  ltrongly,  that  they  are 
obliged  to  have  recourfe  to  diftillation. 

As  to  the  mercury  in  pure  cinnabar,  they 
don’t  find  it  worth  while  to  diftil,  and  get  it 
out ;  fuch  cinnabar  felling  for  a  better  price 
than  mercury  itfelf. 

The  miferable  people  condemn’d,  or  hired 
to  work  in  thefe  mines,  all  die  in  a  little 
time :  they  are  firft  affe&ed  with  tremors,  and 
proceed  to  falivate  ;  then  their  teeth  drop 
out,  pains  feize  them  all  over,  efpecially  in 
their  bones,  which  the  mercury  penetrates. 


Additions  to  the  Article  Mercury. 


Hints  for  its  medical  Hiftory. 

1 .  It  readily  unites  with  bifmuth,  as  well 
as  lead,  and  is  thus  often  adulterated.  When 
mercury  is  ufed  in  medicine  it  ought  to  be 
pure.  The  ftraining  it  through  leather  is  not 
fufficient  ;  for  thus  it  may  carry  lead  and  bif¬ 
muth  along  with  it.  One  of  the  bell  ways  of 
purifying  it  feems  to  be  by  grinding  it  in  a 
glafs  mortar,  with  vinegar  and  a  little  fait ; 
which  diffolves  and  frees  it  from  metallic  im¬ 
purities  :  tho’  it  fhould  rather  be  diftill’d 
from  quick-lime,  fix’d  alkali,  or  iron-filings, 


for  fear  of  any  antimonial  or  arfenical  par¬ 
ticles  adhering  to  it.  It  is  allowed  to  be 
pure,  when  a  little  of  it  held  over  the  fire  in 
an  iron  ladle,  totally  evaporates. 

2.  Quickfilver  was  anciently  rank’d  among 
poifons.  Diofcorides  reckons  it  pernicious,  and 
Galen  highly  corrofive.  It  is  not  mention’d 
by  Hippocrates.  Mefue  recommends  it  only  in 
cutaneous  difeafes ;  tho’  Avicenna  obferves  it 
might  be  fafely  fwallow’d,  and  pafled  thro 
the  body  unchang’d.  J a  cobus  Garpenfs,  an 
eminent  furgeon  and  anatomift  at  Bologna  in 
M  2  Italy, 
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Lead,  its  cha 
r  a  Hers. 
Weight. 
Simplicity, 
Volatility . 

Softnefs. 


Its  glafs  <very 
penetrable. 


Of  L  E  A  D  . 

1 .  Lead  is  ( 1 )  the  heavleft  body  after  mercury  (s), 

(2)  It  proves  extremely  fimple  in  all  kinds  of  trials. 

(3)  It  is  not  fix’d,  but  fumes  in  the  fire  j  and  after  continuing  long  in  fufiony 
penetrates  moft  of  the  veffels  hitherto  ufed. 

(4)  It  is  the  fofteft  of  all  metals,  eafily  du6tHb,  and  the  lead:  elaftic,  or  fono- 
rous  (/). 

(5)  It  melts  the  fooneflofall  the  metals,  except  tin  ;  even  long  before  ifr 
ignites,  and  thus  grows  fcurfy,  readiiy  vitrifies,  and  being  now  fus’d,  it 
pafles  through  any  vefTel  («). 

(6)  It  throws  up  light  bodies  that  are  call  into  it  •,  vitrifies  with  the  bafer 
metals,  and  having  fo  done,  carries  them  along  with  it  from  the  cavity  of  the 
teft  ;  thus  leaving  only  gold  and  filver  behind,  feparated  from  the  reft,  After' 

fufion,. 


Italy,  feems  to  have  been  the  firft  who  ufed 
it'  in  venereal  difeafes.  The  medicinal.virtues 
of  it,  and  its  various  preparations,  are  now 
generally  known. 

Hints  for  its  alchemical  Hifory. 

The  analyfis  of  quicklilver  is  extremely  dif¬ 
ficult,  on  account  of  its  great  volatility ;  yet 
by  degrees  it  may  be  brought  to  fuftain  a  con- 
fiderable- heat,  withoutlofing,  nay  even  en- 
creafing  in  weight;  as  in  making  the  preci-* 
pitate  per  fe  ;  which  being  gently  heated  in 
live  charcoal-dull,  like  the  calx  of  a  metal, 
returns  to  quick  filver.-  This  precipitate  ex- 
pofed.to  the  focus  of  a  burning  lens,  upon  a 
proper  fupport,  melts  into  a  matter  like  glafs, 
and  afterwards  evaporates,  leaving,  a  little 
brown  powder  behind,  which  vitrifies  upon 
being  further  urged.  But  if  fupported  by 
charcoal,  it  firft  turns  to  glafs,  runs  on  the 
coal,  and  turns  to  quickfilver  again  ;  whence 
it  fliould  feem  to  conlift  of  a  volatile,  vitri- 
fiable  earth,  and  a  fulphur  ;  and  if  fo,  this 
might  give  it  a  claim- to  a  metallic  nature. 
See  M.  Romberg,  Mr.  Boyle,  and  Dr.  Stahl 
upon  the  fubjeft. 

(-0  Hence  melted  lead  confiitutes  a  fluid  of 
the  third  order  of  gravity;  wherein  all  bodies, 
whether  metalline,  or  not,  excepting  gold  and 
mercury,  might  float,  if  there  were  no  other 
caufe  to  the  contrary. 

If  all  the  impurities-  of  lead  could  be  per-*- 
fedlly  purged  away,.,  its  weight  might,  nearly 
approach  to  that  of  mercury.  Accordingly, 
in  analyzing  this  metal,  it  is  faid  to  yield  a 
considerable  quantity  of  mercury  ;  tho’  what 
the  other  ingredient  is,  united. with  the  mer¬ 
curial  part,  feems  hard  to  fay.  Lead,  tho’ 
a  cheap  and  common  metal,  has  yer  a  great 
affinity  with  gold  i--At  leak  in  point  of  weight, 


which  feems  to  be  the  mofl  diflinguifhing,  and’ 
immutable  character  of  gold  :  and  what  makes 
the  refemblance  Hill  clofer,  is,  that  lead  does 
not  mix  with  arry  metals  except  thofe  allowed  • 
to  be  mercurial  ones. 

[t)  There  is-  no  metal  whofe  figure  is  fo  eafily 
changed  as  that  of  lead:  and* henee-it  proves' 
very  duftile,  and  eafily  flexible  ;  tho’  hot  ca-  - 
pable  of  being  drawn  out  into  fuch  fimple,  fine" 
coherent  parts  as  gold. 

It  diminilhes  the  found  of  other  metals,, 
when  mixed  therewith.  This  property  fol-  - 
lows  from  its  foftnefs :  for  if  two  equal  leaden 
balls  be  firuck  with  equal  velocities  againft  * 
each  other,  they  will  both  remain  fix’d  in  the' 
point  of  contaft,  without  any  vibration,  or- 
refilidon  ;.  fo  that  of  courfe  no.  found  can  be 
produced.  ’Tis  on  account  of  this  unelaflicity 
of  lead,  that  it  has  been  ufed  by  Dr.  Wallis , 
M.  Huygens,  and  others,  for  determining  the  * 
laws  of  pereulfion.  By  this  property  alfo,  , 
lead  fhould  appear  to  be  nearly  allied  to  gold,  . 
which  is  the  next  leaft- Amorous;  or  fpringy 
of  all  metal's.  Accordingly,  feveral  Experi¬ 
ments  have1  been  produced,  to  prove  that  lead-' 
melted,  always  either  contains,  or  generates 
fome  portion  of  gold.  M.  Homberg  allures  us, 
that  taking  a  quantity  of  filver,  and  feparating 
it  from  all  heterogeneous  matter  by  telling 
with  lead,  then  putting  a  piece:  of  it  in  aqua 
fortis  ;  a- little  gold  fell  to  the  bottom-.  And 
upon  adding  copper  to  the  aquafortis,  the  El¬ 
ver  was  precipitated. 

(u)  A  quantity  of  lead  being  fet  over  the- 
fire  in  an  iron  ladle,  no  fooner  begins  to  run 
than  its  furface  appears1  exceedingly  bright, 
and  fhines  like  mercury  ;  but  its  face  loon 
alters,  and  you  difcerna  cloud  therein,  which 
gradually  increafes,  till  the  whole  furfaee  ap¬ 
pears  darken’d  with- a-  dully  Seoriai  this  dull 
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fufion,  it  quickly  returns  in  the  cold  to  a  folid  niafs,  tho*  more  flowly  than 
tin  (x). 

(y)  It  diflolves  in  aqua  fortis ,  not  in  aqua  regia,  and  thus  yields  a  fweet  Dijfoh 
fait  (y). 

2.  It  is  found  plentifully  in  various  mines  of  Europe ;  being  cheap,  and  Found 
the  confumption  of  it  large  :  but’tis  in  its  nature  very  furprizing,  and  for  cer-  p!*nty' 
tain  purpofes  exceedingly  ufeful.  In  the  fabulous  way,  it  is  called  the  origin 

and  father,  as  well  as  the  devourer  of  other  metals. 

3.  Its  ore  is  ufually  ponderous  and  fhining  ;  of  a  lead  colour  ;  which  yields  Its  ore . 
half  the  quantity  of  metal.  Sometimes  it  is  white,  red  or  yellow,  which  are 
poorer  kinds  i  it  often  contains  a  little  filver,  by  which  the  aflayers,  if  not 

on  their  guard,  are  apt  to  be  deceived  (2). 

•  _  or 

lain  in  little  compafs  :  this  being  of  principal 
ufe  in  the  obtaining  thofe  metals. 

T  he  foundation  of  the  procefs  is  this :  any 
mafs,  of  what  kind  foever,  whether  metal  or 
flone,  fait  or  fulphur ;  gold  and  filver  only 
excepted  ;  being  mixed  with  lead  and  expofed 
to  the  fire,  feparates  and  flies  off.  * 

Upon  the  whole,  there  are  three  ways, 
whereby  all  the  matters  mixed  with  gold  and 
filver  are  deltroyed,  and  loft,  when  cupePd 
with  lead :  1 .  By  volatilizing,  and  evapora¬ 
ting.  2.  By  turning  to  Scoria,  and  retiring  to 
the  fides  of  the  teft.  3.  By  penetrating  the 
pores  of  the  cupel ;  which  only  happens  to 
fuch  bodies  as  can  neither  fly  off  in  fumes,  nor 
work  to  the  fides  in  the  way  of  Scoria. 

(y)  It  diffolves  in  moft  of  the  weak  acids  ; 
but  very  difficultly  in  the  ftronger,  unlefs  they 
be  diluted  with  water.  Thus,  in  aqua  forth  it 
diffolves  flowly  ;  but  very  readily  in  vinegar, 
fmall  aqua  fortis ,  Rbeni/b  wine,  lpirit  of  vine¬ 
gar,  &c.  and  even  in  oil  of  vitriol,  well  di¬ 
luted  with  water.  Add,  that  in  whatever 
acid  it  is  diffolved,  the  folution  becomes  con- 
fiderably  fweet,  like  fugar.  The  fumes  of 
wire  or  vinegar  diffolve  it  into  a  w'hite  pow¬ 
der,  or  calx,  called  Ccrufs ,  or  •white  lead, 


being  blown  away  with  bellows,  there  ftrait 
arifes  a  new  fupply  ;  and  fo  on,  till  the  whole 
lead  is  thus  converted  into  Scoriae,  which  are 
only  the  matter  of  the  lead  gently  calcined. 
A  more  violent  fire  vitrifies  them,  that  is, 
converts  them  into  a  heavy,  brittle,  pellucid, 
elaftic,  fonorous  matter,  called  glafs  ;  into 
which  other  metals  are  indeed  convertible, 
but  lead  the  eafieft  ;  and  which  is  of  fuch  a 
penetrating  nature,  that  it  runs  thro’  all  the 
common  crucibles,  almoft  as  water  thro’'  a 
fieve. 

The  calx  of  lead  has  nothing  of  the  appear¬ 
ance  of  lead  ;  and  yet,  by  only  expoflng  it  to 
a  ftrong  fire,  and  adding  a  little  iron  filings, 
or  any  unfiuous  inflammable  matter,  the  lead 
is  eafily  recovered. 

And  if  while  the  lead  is  in  fufion,  it  be 
kept  continually  ftirring  with  a  fpatula,  it 
turns  into  a  red  powder  called  Minium ,  or 
red  lead  :  in  which  operation*  this  is  far¬ 
ther  obfervable,  that  the  lead' augments  in 
weight. 

(*)  It  diffipates  all  metals  tefted  with  it, 
on  the  cupel,  except  gold  and  filver  ;  which 
is  a  property,  that  had  we  been  unacquainted 
with,  all  our  treafures  of  gold  and  filver  had 


Supplement  to  the  Article  Lead. 


The  name. 

(2)  The  Greek  authors  frequently  ufe  the 
fame  name  to  exprefs  both  lead  and  tin;  and 
accordingly,  their  Latin  tranflators  interpret 
Kcc<r<r/1? pof  both  by  plumbum  and  f  annum. 
Gear  Agricola  mentions  three  kinds  of  plumbum , 
one  white,  which  we  call  tin,  another  of  an 
afh  colour,  which  we  call  bifmuth,  and  the 
third  livid,  which  is  our  lead. 

The  forms  of  its  ore. 

Lead  isfeldom  found  pure  in  the  mines,  and 
has  different  coloured  ores,  viz.  black,  yel- 
low>  and  afh  coloured ;  it  is  alfg  found  in 


red,  or  white  rocky  ftor.e,  and  fometimes  in. 
the  form  of  dice  ;  with  fhining  lead  colour’d 
furfaces  >  and  fometimes  mix’d with  white, 
yellow,  or  green  fidors.  There  are  many 
lead-mines  in  Spain,  Italy,  and  Germany  ;  but 
the  richeft  are  thofe  of  England. 

o 

Its  poifoneus  nature. 

The  ore'is  of  a  poifonous  quality,  efpecially. 
with  regard  to  brutes :  “  They  who  live  near 
“  where  it  is  vvafhed,”  fays  Mr.  Beaumont, 
“  can  neither  keep  dog,  nor  cat,  nor  any  fort 
“  of  fowl ;  but  they  all  die  in  a  fliort  time.  v 
He  adds  that  “not  only  calves,  but  even  clul- 

dtc*. 
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(t  dren  have  been  known  to  be  killed,  by 
“  only  being  in  houfes  where  lead  ore  had 
“  been  kept  fome  time;  and  that  if  any  fort 
“  of  cattle  feed  often  on  the  grafs  on  which 
Ml  the  fleam  which  rifes  from  the  fmelting  of 
“  lead  falls,  they  all  die  foon  after 
Differences  of  its  ore. 

There  Is  a  very  confiderable  difference  be¬ 
tween  the  ores  of  different  mines  :  fome  k  fo 
like  flee!,  that  the  workmen  call  it  feel-ore  ; 
which  being  of  more  difficult  fufion  than  or¬ 
dinary,  they  mix  other  ore  with  it.  T  here  is 
another,  which  from  its  aptnefs  to  vitrify,  and 
its  ufe  in  glazing  the  potters  veffels,  is  called 
potters'ore. 

Our  Englijb  lead-ores  are  reducible  to  three 
daffies  :  the  firfl,  thofe  which  in  the  ordinary 
ways  of  melting  afford  from  thirty  to  forty 
pound  of  metal,  for  every  hundred  weight  of 
ore.  The  fecond,  from  forty-five  to  fixty. 
The  third,  from  fixty  to  eighty. 

Contains  fil-ver. 

The  Idhd  found  in  fome  parts  of  England, 
contains  from  five  to  ten  pounds  of  filver  in  a 
tun  weight ;  which  they  get  out  by  telling, 
and  recover  the  lead  without  any  great  walle. 

The  lead  of  many  mines  being  fkilfully 
treated,  affords  filver  j  but  the  quantity  of 
filver  in  the  ores,  does  not  hold  in  proportion  to 
the  quantity  of  lead.  Mr.  Boyle  caufed  fome 
lead  ore  to  be  tried,  which  being  the  moll  pro- 
mifing  he  had  ever  known,  gave  him  hopes 
of  fome  confiderable  quantity  of  filver  :  but 
iho’  it  proved  fo  rich  in  lead,  as  to  afford  after 
the  rate  of  feventy  pounds  to  the  hundred  ; 
yet  one  of  the  mofl  expert  artifls  in  Europe 
•could  not  extradl  one  grain  of  filver  from  it. 
Yet  a  piece  of  lead-ore  was  brought  from  Ire¬ 
land,  which  feem’d  fo  light  in  the  lump,  that 
he  thought  it  fcarce  deferved  to  be  wrought 
for  lead }  which,  however,  was  found  upon 
trial,  fo  well  flored  with  particles  of  filver, 
that  he  encouraged  the  owner  of  the  mine  to 
work  it. 

Hovj  /melted. 

Some  lead-ore  requires  no  previous  prepa¬ 
ration  to  its  being  fmelted,  unlefs  by  grind¬ 
ing.  They  barely  throw  it  upon  a  wood  fire, 
or  a  forge  hearth,  where  the  metal  running 
into  a  bafon  in  the  hearth,  they  ladle  it  out, 
and  call  it  into  an  iron  mould,  which  gives  it 
the  form  of  what  we  call  pigs. 

In  the  lead-works  at  Mendip  in  Somerfet- 
Jbire,  the  method  of  procuring  the  metal  is 
thus  delivered  by  Mr.  Glanvil.  “  When  they 
**  have  got  the  ore,  they  beat  it  fmall,  then 

walh  it  clean  in  a  running  flream  ;  and 
l<<  then  fift  it  in  iron  rudders ;  then^they  make 

*  Phil  Collett.  N°.  i. 


“  a  hearth,  or  furnace  of  clay,  or  fire-ftone, 
“  and  therein  build  their  fire,  which  they  light 
“  with  charcoal,  and  keep  up  with  young 
“  oaken  gads,  blown  with  bellows.  After 
“  the  fire  is  lighted,  and  the  fire-place  hot, 
“  they  throw  the  lead-ore  on  the  wood,  which 
“  melts  down  into  the  furnace  ;  and  then  with 
“  an  iron  ladle  they  take  it  out,  and  call  it  in 
“  fand,  into  any  form  they  pleafe  +.” 

Its  medicinal  virtues. 

Both  in  its  crude  Hate,  and  in  all  its  prepa¬ 
rations,  lead  feems  to  be  cooling,  thickening, 
repelling,  abforbing,  and  contracting ;  fo  as 
to  retard  the  circulation  of  the  blood,  hinder 
all  the  fecretions,  and  hurt  the  nerves  ;  by 
caufing  fpafms,  convulfions,  tremblings,  dif¬ 
ficulty  of  breathing,  and  fuffocation  :  whence 
it  appears  unfit  for  internal  ufe  in  any  large 
dofe ;  and,  accordingly,  its  medicinal  ufcs 
are  chiefly  external. 

Its  other  ufes. 

Its  ufes  in  the  hands  of  the  plumber,  gla¬ 
zier,  fhot-maker,  white  and  red-lead  maker, 
potter,  affayer,  jeweller,  painter,  &c.  need 
not  be  mention’d,  as  being  commonly  known. 
A  mixture  of  it  with  tin  is  the  foundation  of 
enamelling  ;  and  counterfeit  gems  are  made 
by  its  means. 

Hints  for  its  alchemical  hifory. 

Let  the  Satumus  cornuus  be  examined  for 
mercurification. 

What  vefl'el  will  hold  the  glafs  of  lead  in 
fufion  ? 

Let  the  talky  nature  of  litharge  be  ex¬ 
amined. 

As  lead  fulminates  with  nitre,  and  flafhes  in 
the  flame  of  a  candle,  and  burns  blue,  it  may 
feem  to  contain  a  fulphur. 

Is  not  the  fulphureous  principle  in  lead 
fmall  in  quantity,  and  but  loofely  join’d  ;  fince 
a  fmall  degree  of  fireisableto  feparate  them  ? 

Expos’d  upon  a  tile  to  the  focus  of  a  burn¬ 
ing  it  fumes,  and  turns  to  a  yellow  or 
red  calx  ;  then  melts  into  a  yellow  fluid, 
which  foon  evaporates  in  fmoke  ;  but  if  re¬ 
moved  before  this  happens,  it  hardens  to  a 
yellow  mafs  like  orpiment,  confilling  of  La- 
minm  like  talc.  This  being  again  expofed  to 
the  focus,  on  a  piece  of  charcoal,  recovers  the 
form  of  lead.  But  if  the  lead  be  laid  upon 
charcoal,  it  thus  totally  diffipates  in  fume,  and 
leaves  no  glafs  behind.  Hence  what  relation 
has  it  to  mercury,  gold,  &c.  ? 

Is  it  not  compofed  of  a  foft,  talky,  vitri- 
fiable  earth,  and  a  fmall  proportion  of  a  ful¬ 
phur,  or  inflammable  fubtlance  lightly  join’d 
therewith  ? 
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O/SILVER. 

i.  Silver  is  ( i)  the  next  in  weight  to  lead  (a). 

(2)  Very  fimple,  nor  difcovers  the  lead  diverfity  of  parts,  by  any  ordi¬ 
nary  means. 

(3)  Fix’d  in  the  fire,  foas,  when  pure,  fcarce  to  lofe  any  thing  thereby. 
Having  been  kept  two  months  in  a  ftate  of  fufion,  in  the  eye  of  a  glafs-fur- 
nace,  fcarce  h  part  of  its  weight  was  found  wanting.  And  it  may  even  be 
doubted  whether  it  had  then  been  totally  purified  firft  (b). 

(4)  It  is  malleable  and  dutftile  into  very  fine  wire  (Y), 

(5)  It  ignites  and  fufes  at  the  fame  time  (d). 

(6)  Diflolves  in  aqua  fortis  {e ). 


(a)  Being  to  that  of  gold,  as  1  o  to  1 9  ;  and 
to  that  of  water,  as  10  to  1.  It  falls  fhort, 
therefore,  of  mercury,  and  confequently  is 
but  little  difpofed  to  become  gold  ;  unlefs  we 
had  a  method  to  make  it  much  denfer,  and 
more  compatt.  And  hence  it  is  that  the  al- 
chemifts  hold  it  more  eafy  to  make  gold 
of  mercury,  than  of  filver ;  and  laugh  at 
novices  for  attempting  to  convert  filver  into 
gold. 

( b)  It  is  fo  fix’d,  as  in  this  refpeft  to  ex¬ 
ceed  all  the  known  bodies,  except  gold. 

This  appears  from  an  experiment  of  the 
Prince  of  Mirandula,  who  placing  a  quantity 
of  filver  in  the  eye  of  a  glafs-furnace,.  kept  it 
in  continual  fufion  for  thefpace  of  two  months ; 
then  taking  it  out,  found  it  to  have  loft  only 
/i  part  of  its  weight.  Mr.  Boyle  allures  us 
from  experiments  of  his  own,  that  filver  fet 
in  the  eye  of  a  glafs-furnace,  fcarce  lofes  any 
thing  of  its  weight.  But  ’tis  highly  probable, 
that  the  filver  ufed  in  thefe  experiments  was 
not  pure  ;  nor  perfectly  purged  of  tin :  for 
Mr.  Boyle  taking  out  his  filver  at  a  fortnight’s 
end,  found  it  to  have  loft  fomething  :  but  after 
that,  tho’  expo  fed  a  long  time  to  a  very  vio¬ 
lent  fire,  he  could  not  perceive  it  to  have  loft 
any  thing  at  all ;  the  tin,  which  is  exceed¬ 
ingly  difficult  to  feparate  from  filver,  having 
been  all  carried  off  by  the  firft  fire. 

Mr.  Boyle  likewifeobferves,  that  tho’  filver 
be  one  of  the  moft  fix’d  of  all  bodies,  it  may 
be  poffible,  by  a  mere  change  of  texture,  to 
render  it  volatile.  To  confirm  this,  he  in- 
ftances  a  calx  of  filver  made  by  a  folution  of 
the  metal  in  a  peculiar  menftruum,  which,  to 
his  great  furprize,  upon  expofing  it  even  to  a 
gentle  heat,  prefently  Hew  away  in  form  of  a 
Farina  volatilis ,  whitening  the  neighbouring 
'  part  of  the  chimney,  &c*. 

(<r)  Yet  it  is  the  moft  duttile  and  malleable 
of  all  bodies  after  gold.  Our  wire-drawers 


(7) 

ftretch  out  filver  to  an  incredible  finenefs; 
thus,  for  inftance  they  will  draw  out  a  fingle 
grain  into  a  thread  of  nine  yards  long  ;  which 
thread  is  ftill  capable  of  being  beat  into  a  leaf 
two  inches  broad,  and  ftill  cohere. 

(d)  It  pretty  readily  melts  in  the  fire ;  much, 
more  eafily  than  either  copper  or  iron,  tho’ 
more  difficultly  than  either  gold  or  lead ;  and 
runs  as  it  begins  to  ignite. 

( e )  It  is  diffolvable  in  aqua  fortis  ;  and  not:, 
in  aqua  regia. 

Aqua  regia  we  have  already  defcribed,  with 
all  the  fpecies  thereof  ;  and  have  lhewn  that 
fea-falt  is  the  balls  of  them  all.  Aqua  fortis , 
on  the  other  hand,  is  always  made  of  nitre;, 
nor  is  filver  diffolvable  in  any  falxne  menftru¬ 
um,  except  what  has  nitre  in  it:  not  in  fea- 
falt,  nor  fpirit  of  fea-falt,  nor  aqua  regia,  nor 
oil  of  vitriol,  nor  fal-gem,  nor  fal-ammoniac, 
nor  fpirit  of  fulphur  per  campanam,  nor  fpirit 
of  alum,  nor  vinegar,  nor  any  other  acid,  or 
alcaline  fait  or  juice.  In  effedt,  fea-falt,  fal- 
gem,  and  fal-ammoniac  are  the  only  diffol- 
vents  of  gold  ;  and  nitre  the  only  diffolvent  of 
filver. 

If  fea-falt,  or  fal-ammoniac  be  added  to’ 
fpirit  of  nitre,  it  will  no  longer  diffolve  filver, 
but  gold :  and  hence,  if  you  would  try  whe¬ 
ther  aqua fortis  be  pure,  put  to  it  a  fmall  quan¬ 
tity  of  pure  filver  ;  and  if  now  the  folution 
remains  without  turning  milky,  or  the  filver’s 
being  precipitated,  you  may  be  affured  the 
aqua  fortis  is  pure  ;  for  if  it  had  the  fmalleft 
grain  of  fea-falt,  or  fal-gem,  the  liquor  would 
become  milky,  and  the  filver  fall  to  the  bot¬ 
tom.  Here  feems  therefore  to  be  a  fort  of  na¬ 
tural  repugnance,  which  is  found  of  the  ut- 
moft  ufe ;  in  regard  that  without  it,  we  fhould 
want  a  method  of  feparating  gold  from  filver  r 
’tis  true,  they  may  be  feparated  by  antimony 
but  then  the  filver  all  flies  away,  and  is  loft  ; 
and  as  for  lead,  it  only  feparates  every  thing 

clf«' 


*  See  Boyl.  Abr.  Vol.  I.  p.  372, 
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The  Theory  cf  Chemistry. 

(7)  It  is  purify’d  with  lead,  and  fu (tains  the  Tame  (/). 

(8)  Turns  to  Scoria  with  antimony,  and  becomes  volatile  (g). 

2.  It  is  found  in  many  places,  and  in  different  kinds  of  ores  ;  having almoft 
univerfally  a  little  quantity  of  gold  in  it  (b). 


elfe  from  gold  and  filver,  leaving  them  toge¬ 
ther  as  it  found  them  :  but  diffolve  a  mafs  of 
gold  and  filver  in  fpirit  of  nitre,  and  what 
falls  to  the  bottom  is  gold,  and  what  is  re¬ 
tained  is  filver  ;  or  difl'olve  it  in  aqua  regia , 
and  what  falls  to  the  bottom  is  filver. 

M.  Homberg  had  the  fortune  to  difeover,  by 
a  happy  miftake,  that  aqua  regia,  under  fome 
circumftanccs,  will  diffolve  filver,  and  not 
gold.  The  phlegm  which  arifes  full  in  diftil- 
Jing  aqua  regia,  he  obferves,  is  a  true  aqua, 
regia,  and  yet  this,  if  taken  when  newly  made, 
and  after  it  has  been  fome  time  in  digeftlon 
with  gold,  will  difl'olve  filver,  and  not  touch 
gold  ;  tho’  without  thefe  two  circumilances, 
lt.has  the  contrary  effedls  *. 

M.  Homberg  likewife  has  difeovered  a  new 
way  of  feparatir.g  gold  and  filver  ;  <viz.  by 
putting  the  mafs  in  a  crucible,  with  equal 
parts  of  falt-petre,  and  decrepitated  fait  at  the 
bottom  thereof,  and  fetting  the  whole  to  fufe 
in  a  melting-furnace,  by  a  gentle  fire,  for  the 
fpace  of  about  a  quarter  of  an  hour. 

The  effect,  he  accounts  for,  by  fuppofing 
the  falts,  before  they  are  perfectly  fus’d,  to 
fuftain  the  mix’d  meta],  when  ft  begins  to 
melt  and  ferve  as  a  kind  of  fieve  to  it,  letting 
the  heavier  part,  the  gold  pafs  thro’,  and 
retaining  the  lighter,  the  filver,  which  does 
not  fufe  fo  foon.  So  that  if  the  crucible  be 
.taken  from  the  fire  at  the  proper  juncture, 
-the  filver  prefently  hardens,  &c.  In  the 
mean  time,  the  falts  being  but  imperfectly 
fus’d,  prevent  the  filver’s  falling  down,  and 
remixing  with  the  gold  -f-. 

ff)  Thus  if  100  pounds  of  pure  filver  be 
fifed  along  with  lead  ;  the  latter  will  all  eva¬ 
porate,  or  be  blown  away  upon  the  teft ;  and 
the  filver  remain  behind  without  any  diminu- 
tion  of  weight. 

(g)  Itdoes  not  refill  the  force  of  antimony ; 
but  volatilizes,  and  flies  off  along  with  it. 
Whence  this  fliould  proceed,  is  not  eafy  to  fay ; 
antimony,  we  know,  is  corrofive,  to  a  great 
degre#  ;  fo  that  it  volatilizes  all  metals,  ex¬ 
cept  gold  ;  and  carries  them  off  in  fumes. 
There  is,  therefore,  a  conflderable  difference 
between  the  nature  of  gold  and  filver ;  the 
former  refilling  lead,  and  every  thing  elfe  ; 
the  latter,  too,  refills  lead,  but  not  the  lead 
of  the  philosophers,  viz.  antimony.  And 
hence  that  denomination  of  antimony,  Pal- 
neian  folius  regis. 


(h)  Moll  countries  in  all  the  quarters  of 
the  world  afford  filver-mines  ;  but  Peru  and 
Chili,  above  all  others :  the  mines  of  Potofi , 
in  particular,  are  faid  to  be  inexhaullible  ; 
being  dug  now  with  almoilas  much  fuccefsas 
when  at  firlt  difeovered ;  abating  this,  that 
the  vein  then  lay,  as  it  were,  on  the  furface 
of  the  ground,  but  is  now  got  to  a  great 
depth,  being  defeended  to  by  500  Heps. 

Silver  is  fcarce  ever  found  pure,  and  free  of 
all  heterogeneous  admixture :  we  meet  with 
it  in  almoit  all  forts  of  minerals;  fometimes 
in  the  ore  of  gold,  fometimes  in  that  of  lead, 
and  that  of  copper ;  but  ofterreft  in  a  kind  of 
black  llony  glebes,  full  of  Ihining  llreaks.  It 
has  a  corrofive  fulphur,  or  bitumen,  always 
found  attending  it  ;  which  turns  yellow  in  the 
fire,  and  has  fomewhat  of  the  effeCls  of  anti¬ 
mony  ;  and  perhaps  has  fome  antrmonia! 
parts  in  it,  being  found  to  volatilize  the  filver 
in  the  cupel,  and  deal  it  away  in  fume.  The 
lofs  in  this  refpeft  is  confiderable,  efpe- 
cially  if  the  ore  be  very  crude  ;  fo  that  the  ut- 
moft  care  is  to  be  had  in  making  the  fepara- 
tion  :  for  a  mafs  of  this  kind  being  put  in 
melted  lead,  the  fulphur  will,  indeed,  be  all 
carried  off ;  but  then  the  point  is  fomewhat 
delicate;  for  if  the  fire  be  too  ftreng,  the  fil¬ 
ver  is  apt  to  go  along  with  it ;  and  if  too  flack, 
the  fulphur  will  be  left  behind.  ’Tis  certain, 
many  thoufand  pounds  worth  of  filver  have 
been  evaporated  and  loft  in  the  reparation. 

The  mineral  Hones  dug  out  of  the  mines  of 
Peru  are  of  different  colours,  qualities,  hard- 
nefs,  &c.  Some  are  white,  or  greyilh  mix’d 
with  red  or  bluifhfpots,  callei  Plata  blanca  ; 
others  black,  called  Plomo  ronco ,  which  is 
the  richeft  and  the  eafieft  wrought.  The 
RoJJicler,  tho’  rich,  turns  red,  when  rubbed 
againft  iron.  The  Zorock  lhines  like  talc. 
The  Paco  is  of  a  yellow  red,  extremely  foft. 
The  Cabrijfo ,  green,  and  almoft  friable. 
Laftly,  the  Arannea,  which  is  found  only  in 
a  fingle  mine  at  Potofi,  confifts  of  threads  of 
pure  filver,  interwove  fomewhat  like  filver- 
lace,  that  had  been  burnt  for  the  filver. 

The  working  of  thefe  mines  is  exceeding 
dangerous,  on  acount  of  the  exhalations  they 
yield  ;  which  are  even  felt  to  a  great  diftance  ; 
and  not  only  fuffocate  the  miners,  but 
the  cattle  grazing  in  the  neighbourhood. 
Scarce  any  of  the  workmen  can  bear  fo  pefti- 
lential  an  air  above  a  day  together.  It  fome¬ 
times 
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The  Theory  of  Chemistr y. 

3.  To  the  ore  there  ufually  adheres  a  corrofive,.  bituminous  fulphur,  which 
by  its  rapacious  quality  renders  the  filver  volatile,  and  diflipates  it  in  the  fire 
or  even  converts  it  into  glafly  Scoria,  to  the  great  lofs  of  the  owner  (7).  This, 
which  neither  fait  nor  lead  will  hinder,  is  however  prevented  by  means  of 
mercury  ;  viz.  by  roafting  the  ore,  then  reducing  it  to  powder,  adding  mer¬ 
cury  thereto,  and  grinding  them  long  together,  fo  as  to  unite  the  filver  with 
the  mercury  ;  which  are  afterwards  to  be  feparated  again  by  diftidlation  (k). 

Of 


times  proves  To  mortal,  that  they  are  obliged 
to  Hop  the  mines  up  again.  The  mines  of  Po- 
toji  are  reckoned  the  moll  innocent  ;  and  yet 
they  fay,  it  were  impracticable  to  work  even 
thefe,  but  for  the  herb  Paraguay,  an.  infufion 
whereof,  taken  as  tea  is  among  us,  ferves  as  a 
l'ort  of  prefervative. 

Manner  of  feparating  and  purifying  of filver. 

( i)  A  quantity  of  the  filver  glebe,  or  ore, 
is  firll  roalled,  or  calcined  in  a  furnace,  by 
a  gentle  fire  ;  birring  it  from  time  to  time ; 
and  taking  care  the  fire  be  not  fo  great  as 
to  melt  it,  and  make  the  fulphur  carry  away 
the  filver.  The  fulphur  thus  infenfibly  con- 
fumed,  they  grind  the  mafs  into  a  powder ; 
and  throw  large  quantities  of  water  thereon  ; 
taking  care  to  ftir  and  agitate  it  fufficiently,  to 
feparate  all  the  lighter  parts,  and  make  them 
fwim  a- top.  After  it  has  flood  a  while  to 
fettle,  they  pour  off  the  water,  with  all  that 
was  fuHain’d  therein,  and  pour  on  frefh  :  this 
they  flir  and  pour  off  as  before ;  repeating  the 
procefs  till  all  the  lighter  earthy  matters  are 
clear’d  away,  and  nothing  left  at  the  bottom 
but  metal,  with  the  heavier  Hones,  il fc.  To 
feparate  thefe,  they  put  the  mafs  into  melted 
lead,  over  a  fire  fufficient  to  carry  off  the 
remaining  fulphur,  yet  not  fo  fierce  as  to 
carry  the  filver  along  with  it  j  and  as  mer¬ 
cury  has  a  property  of  drawing  filver  to  it- 
felf,  they  add  a  quantity  of  hot  mercury  to 
the  melted  lead  :  by  which  means  the  whole 
metallic  matter  becomes  amalgamated,  or 
fix’d  in  a  mafs,  exclufive  of  the  Hones ;  thor 
the  fulphur  muH  be  well  clear’d  out  in  the 
HrH  place  ;  otherwife  the  mercury  will  not 
attradl  the  filver,  but  difiblve  and  mix  with 
the  fulphur. 

The  next  Hep  is  to  dilute  and  grind  this  a- 
malgam,  or  mafs  of  mercury  and  filver,  in 
water ;  tshen  they  diltil  it  in  a  retort ;  by 
which  means  the  mercury  all  riles  and  di- 
Hils  off,  and  the  pure  filver  remains  in  a  pow¬ 
der  at  bottom. 

In  the  filver  works  of  Peru  and  Chili  the 
method  of  feparating  the  filver  is  fomewhat 
different.  After  firff  breaking,  and  then  grind¬ 


ing  the  ore  by  a  water-mill,  they  fift  ft  in  iron 
riddles,  and  mix  it  up  with  water  into  a  paHe : 
this,  after  half  drying  it,  they  cut  out  into 
fquare  pieces  of  about  250  pound  each, 
called  cuerpos ;  and  bake  them  over  again  with 
fea-falt,  which  melts  and  incorporates  there¬ 
with.  This  done,  they  fprinkle  mercury  on 
them,  and  bake  them  a  third  time,  till  the 
mercury  be  well  incorporated  with  the  whole 
fubilance  of  the  filver.  This  operation,  which 
is  exceeding  dangerous,  falls  to  the  fhare  of 
the  poor  Indians,  who  go  to  it  eight  times  a 
day.  To  promote  the  effeft  of  the  mercury, 
they  add  lime  and  lead,  or  tin  ore,  and,  in 
fome  places,  even  make  ufe  of  fire. 

When  the  amalgamation  is  compl eated,  they 
carry  the  mafs  to  the  lavaderas,  which  are 
three  bafons  placed  aflope,  fo  that  they  empty 
fucceffively  out  of  one  into  another :  the  cu¬ 
erpos  being  thrown  into  the  uppermofl,  and 
the  Hream  of  a  rivulet  turn’d  upon  it,  the 
lighter  earthy  part  is  feparated,  and  carried 
off ;  which  is  forwarded  by  an  Indian,  all  the 
while  treading  upon  the  mafs.  When  the 
water  goes  off  clear,  the  filver  is  found  at 
the  bottom,  incorporated  with  the  mercury  ; 
in  which  Hate  it  is  called  pell  a.  To  get  out 
the  mercury  again,  they  put  the  pella  in 
wooden  bags,  prefs  it  hard,  pound  it  lightly, 
and  at  laH  full  it  in  a  fort  of  wooden  mould, 
or  trough,  perforated  at  bottom  like  a  co¬ 
lander  ;  and  now  the  mafs  is  called  pinea. 

The  pinea  being  taken  out  of  the  mould,  is 
then  laid  on  a  copper-plate  full  of  holes,  over 
a  trevet,  under  which  is  a  large  veffel  of  wa¬ 
ter  ;  and  the  whole  cover’d  with  a  capital  of 
earth,  which  they  furround  with  fire.  By 
this  means,  the  mercury  remaining  in  the  pi¬ 
nea,  is  HrH  volatiliz’d,  and  railed ;  then  falls, 
into  the  water,  where  it  condenfes,  and  thus, 
leaves  the  filver  in  grains  of  different  figures, 
fticking  to  each  other.  And  ’tis  in  this  form 
the  workmen  endeavour  clandeflinely  to  fell 
the  filver  to  foreign  veffels,  trading  in  the 
South -lie a  *. 

f  .Philo f  I  ran  fall.  N°.  589,  590,  591. 
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The  Theory  of  Chemistry, 


Addition  to  the  Article  Silver. 


Its  natural  bijloty. 

It  is  found  either  native,  or  in  ore.  Na¬ 
tive  filver  is  often  found  confiderably  pure 
and  unmix’d,  in  the  clefts  of  recks,  or  ft  flu  res 
of  ftones ;  and  frequently  adheres  to  cobalt, 
which  it  feems  particularly  to  affefl.  This 
native  filver  is  met  with,  fometimes,  in  the 
form  of  branches,  or  twigs,  and  feme  times  in 
that  of  hair,  grains,  or  leaves.  Sometimes 
alfo  it  has  been  found  in  lumps,  or  mafl'es  of 
a  very  large  fize. 

Silver  ore  is  often  red,  when  it  feems  to  be 
mix’d  with  cobalt,  which  gives  it  that  colour  ; 
’tis  alfo  fometimes  black,  wdiite,  purple,  green, 
or  gray,  according  to  the  matters  wherewith  it 
is  mix’d  :  not  to  mention  again,  that  it  is  alfo 
frequently  found  in  the  ores  of  lead,  tin,  and 
copper  ;  and  fometimes  in  a  confiderable  pro¬ 
portion.  There  are  filver  mines  in  feveral  coun  ■■ 
tries,  as  Great  Britain,  Norway,  Germany ,  Hun¬ 
gary,  Italy,  See.  but  the  richeft  are  thofe  of 
Mexico  and  Potofi.  The  ore  is  faid  to  be  rich 
if  it  affords  a  fifth  part  of  filver. 

How  feparated from  its  ore.. 

It  is  eafily  feparated  from  lead- ore,  by  bare 
tefting ;  and  fo  it  may  be  from  the  ores  of 
«ther  metals,  by  means  of  lead,  ufed  in  the 
fame  manner*.  But  it  requires  more  labour 
and  addrefs  to  feparate  the  filver  from  the 
Mexican  and  Peruvian  ores  ;  which  are  u- 
fually  not  only  extremely  hard,  but  alfo  mix’d 
with  bituminous,  fulphureous,  arfenical,  or 
vitriolic  matters,  capable  of  calcining  the 
matter,  or  carrying  off  a  great  part  of  it 
in  the  fire  ;  fo  that  according  to  the  nature 
of  the  ore,  a  fuitable  method  is  to  be 
ufed.  When  hard  and  ftony,  they  break  it 
with  hammers,  and  roaft  it  gently,  to  render 
it  friable ;  then  grind  it  by  the  mill,  and  if 
the  remaining  heterogeneous  fubftance  be  now 
found  to  be  fulphur  or  antimony,  they  mix 
it  with  iron-filings ;  and  vice  verfa,  if  they 
find  it  contains  iron,  they  add  antimony  or 
fulphur  ;  and  thus  calcine  the  whole  together; 
then  grind  it  with  quickfilver ;  which  will 
now  unite  with  the  metallic  part,  whether 
gold,  filver,  tin,  bifmuth,  or  lead  :  but  if  the 
bafer  metals  thus  mix  with  the  quickfilver, 
they  caufe  it  to  run  fluggifh,  and  with  tails ; 
whence  the  operator  is  directed  how  to  treat 
the  mafs,  by  lotion,  percolation,  diflillation, 
and  fufion,  with  or  without  adding  the  calx 

*  See  the  article  Lead. 
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of  copper,  or  other  metals  thereto.  The  belt 
way  of  rendring  filver  perfectly  pure  is,  per¬ 
haps,  after  cupellation  to  fufe  it  well  with  nitre 
and  borax,  and  repeat  the  operation  till  it  will 
no  longer  turn  thefe  falts  green  -j*. 

Its  virtues  and  medicinal  ufes. 

The  chemifts  and  chemical  phyficians  have 
attributed  extraerdinary  virtues  to  filver, which 
are  not  warranted  by  experience ;  and  yet 
they  have  had  the  fuccefs  to  introduce  it  into 
medicine  under  various  fliapes.  Some  prepa¬ 
rations  of  it,  however,  may  have  great  effetts ; 
as  the  lunar  pills ,  the  lunar  cryjlals,  and  the 
lunar  caujlic  ;  tho’  perhaps  their  efficacy  de¬ 
pends  as  much  upon  the  merrffruum  as  the 
metal  :  but  for  the  lunar  tinShires,  if  made  of 
pure  filver,  without  any  mixture  of  copper, 
we  know  of  no  great  virtues  they  are  pof- 
fefs’d  of. 

Its  other  ufes. 

Its  ufe  in  the  way  of  coin,  plate,  vefTels, 
ornament,  &c.  need  not  be  mention’d.  When 
perfectly  pure,  it  yields  but  a  fmall  foft  found; 
being  lefs  fonorous  than  iron  and  copper,  tho’ 
more  than  gold  ;  but  if  mix’d  with  copper, 
it  becomes  harder,  more  fonorous,  yet  pre- 
ferves  a  great  degree  of  uuifiility  :  whence  ap¬ 
pears  the  great  utility  of  its  alloy.  Its  be¬ 
ing  harder,  yet  lighter  than  gold,  may  fit 
it  for  feveral  purpofes  where  gold  might  be 
improper.  In  chemiftry,  ’tis  ufed  for  imbi¬ 
bition,  corporincation,  and  confirmation  of  the 
fubtile  atoms  of  gold  and  filver. 

Hints  for  its  alchemical  hifiory. 

It  lofes  of  its  found  and  colour  by  being 
mix’d  with  lead  ;  ’tis  render’d  brittle  by  tin  ; 
more  fufible,  and  volatile  by  antimony  ;  and 
is  ftrangely  affected,  or  demetallized,  by  burn¬ 
ing  fulphur.  How  is  it  affe&ed  by  phofpho- 
ms  ?  Will  a  gentle  treatment  of  it  upon  the 
tefb  with  regulus  of  antimony,  or  a  proper  ce¬ 
mentation  with  crocus  metallorum ,  obtain  any 
gold  from  it ;  and  if  fo,  how  much  ? 

Silver,  expofed  to  the  focus  of  a  large  burn- 
ing-glafs  crackles,  emits  a  copious  fume,  and 
is  at  length  cover’d  pretty  thick  with  duft, 
or  calx;  which  duft,  if  the  filver  have  been 
refin’d  with  antimony,  is  of  a  yellowifh  hue  ; 
and  by  the  further  aftion  of  the  fclar  fire, 
will  vitrify  like  gold  :  but  if  it  have  been  re¬ 
fined  with  lead,  the  calx  proves  whiter,  and 
never  vitrifies :{:. 

See  the  article  Gold. 


Of 


Tloe  Theory  of  Chemist  r  y. 


Of  COPPER. 

1.  Copper  (i)  is  in  weight  the  next  to  filver  (/). 

(2)  It  is  fimple,  tho*  lefs  fo  than  the  preceding  metals. 

(3)  Confiderably  fix’d  in' the  fire,  yet  fumes  and  is  in  part  volatile  (V/). 

(4)  Dudile  under  the  hammer,  and  may  be  drawn  into  fine  wire  ;  being  Duality. 
alfo  very  elaftic,  and  yields  a  tinkling  found  [n). 

(5)  Ignites  before  fufion,  and  melts  with  more  difficulty  than  all  the  other  Fuftbilty. 
metals,  except  iron  ;  when  melted  it  makes  a  ftrong  opposition  to  cold  water, 

the  pouring  of  a  little  thereon  being  of  terrible  confequence  (0). 

(6)  .Eafily  di  fib  Ives  with  any  fait,  and  turns  green,  or  blue,  but  readily  lets  Dijfolution / 
go  its  folvent,  and  loling  its  former  beautiful  colour,  becomes  an  unfightly 

dirt.  And  thus  in  the  air,  or  water,  it  ffioots  into  efflorefcences,  and  thence 
into  little  cryftals  (p). 

(7)  It  readily  turns  to  Scoria  or  glafs  with  iron  or  antimony,  and  flies  off" 
in  fume,  upon  the  teft,  or  thro’  the  pores  thereof. 

2.  It  is  found  in  mines,  in  all  countries  ;  and  adheres  fo  firongly  to  its  Where  found, 
fione  or  ore,  as  frequently  to  require  fourteen  fufions  before  it  becomes  pure(y). 

Its  ore  often  contains  filver,  efpecially  the  black  and  bluiffi  ore  ;  the  yellow,  Its  ore . 
green  and  brown  having  a  lefs  ffiare.  In  its  veins  are  alfo  frequently  found 

N  2  green, 


Copper ,  its 
characters. 
W °igbt. 
Simplicity. 
Fixity. 


(1)  The  firfh  character  of  copper  is  its  fpe- 
eific  gravity  ;  which,  as  already  noted,  comes 
next  to  that  of  fdver ;  being  to  gold  as  8  to 
19  ;  to  water  as  8  to  1,  and  to  filver  as  8 
to  10. 

{m)  It  continues  long  fix’d  in  the  fire,  be¬ 
fore  it  flies  off ;  or  much  longer  than  lead  or 
tin  :  tho’  at  length  it  lofes  much  of  its  weight ; 
being  much  more  difficult  of  fufion  than  fil¬ 
ver,  and  igniting  before  it  fufes. 

(«)  Of  all  the  unmix’d  metals  it  is  the 
moft:  elaftic  and  foncrous ;  and  on  that  ac¬ 
count  is  commonly  ufed  for  the  firings  of  mu- 
fical  inftruments,  trumpets,  bells,  &c. 

(0)  It  rnuft  be  remember’d  that  if,  when 
copper  is  fufed,  a  Angle  drop  of  water  do  but 
fall  upon  it;  or  if  the  moulds,  vefiels,  &c. 
it  is  caft  in  be  moift,  it  flies  into  numerous 
particles,  like  fhot  from  a  gun,  with  an  in¬ 
credible  noife,  and  may  deftroy  the  perfons 
near  it.  For  this  reafon  the  Swedijb  miners 
are  dautious  of  admitting  any  body  to  be  pre- 
fent  at  th?ir  meltings,  left  chancing  to  fpit, 
fneeze,  or  the  like,  they  bring  inftant  deftruc- 
tion  on  them  all. 

{p)  The  diffolution  of  copper  in  the  air 
(hews  itfelf  by  an  cerugo,  or  ruft  covering  the 
metal ;  which  when  view’d  with  a  microfcope, 
appears  as  a  duller  of  cryftals  of  different  co¬ 
lours,  according  to  the  fait  that  produced 
them.  Thus  copper,  fufpended  in  the  vine- 
gar-houfes,  immediately  contracts  a  ruft,  and 
grows  green  ;  and  the  fame  is  effeded  by 

*  See  Boyle  A'or.  Vol.  I.  p.  408,  409. 


common  and  other  falts;  which  being  fprink- 
led  over  the  moft  polifh’d  copper-plate,  turn 
it  rufty  in  a  day’s  time.  Nay,  oils  themfelves 
diffolve  copper  ;  witnefs  oil  of  olives,  &c. 
but  it  mull:  be  added,  they  do  this  by  means 
of  a  fait  contain’d  in  them.  Copper,  dif- 
folv’d  by  acids  or  fix’d  alcalies,  turns  green  ; 
and  by  volatile  alcalies,  of  a  beautiful  blue. 

From  this  common  reception  of  all  men- 
ftruums,  copper  is  called  by  the  chemifts 
V onus,  that  is,  meretrix  publica ,  a  common 
proftitute.  Other  metals  have  their  peculiar 
diflclvents,  but  this  is  diffolv’d  by  all. 

The  extreme  diviftbility  of  copper  exceeds 
all  imagination  ;  Mr.  Boyle  making  a  folution 
of  a  Angle  grain  of  the  metal,  in  fpirit  of  fal* 
ammoniac,  found  it  would  give  a  blue  colour 
to  256806  times  its  own  bulk  of  clear  water; 
nay,  a  manifeft  tindure  to  above  385200  ; 
and  a  faint,  yet  difcernible  one,  to  above 
530620  times  its  bulk  *. 

{q)  Copper  ore  is  found  in  divers  places, 
both  in  Europe ,  Ajia,  and  America  ;  but  in 
the  greateft  quantity  in  Sweden,  Hungary,  and 
Germany  ;  where  there  are  whole  mountains 
of  it. 

Wherever  copper  is  found,  there  is  always  vi¬ 
triol  ;  and  that  generally  of  all  the  three  kinds; 
•viz.  green,  blue,  and  white :  with  copper 
are  likewife  found  the  richeft  and  brighteft- 
colour’d  gems,  as  emeralds,  turquoifes,  and 
the  like  green  and  blue  precious  ftones. 
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green,  blue,  ruddy  and  white  vitriol  *,  alfo  beautiful  green  and  blue  Hones  r 
fo  that  no  foffil  metalline  matter  has  fuch  a  variety  of  beautiful  colours  (r). 


(r)  The  feparating  of  copper  from  its  ore 
is  very  difficult ;  to  which  difficulty  is  ow¬ 
ing  the  great  price  which  the  metal  bears. 
For  ’tis  found  in  fuch  abundance,  that  were 
it  not  for  this,  it  might  be  fold  extremely 
cheap  ;  but  it  adheres  fo  flrongly  to  the  Itcny 
matter,  that  ’tis  a  wonder  it  ihould  ever  be 
feparated  at  all. 


Of 

Ercker  fays  it  mull  pafs  through  fourteen 
furnaces  before  it  be  pure.  So  long  as  any 
of  the  ftony  fubliance  adheres  to  it,  it  re¬ 
mains  friable  :  But  a  portion  of  that  is  repa¬ 
rable  and  call:  off  at  every  fufion :  till,  a & 
length,  after  the  fourteenth  fufion,  it  is  all 
extracted  and  the  metal  left  red  ;  and  mal¬ 
leable. 


Additions  to  the  Article  Copper, 


Its  natural  hijiory. 

It  is  fometimes  found  native  and  pure  in  the 
form  of  twigs,  rods,  branches,  balls,  or  grains; 
but  generally  mix’d  in  glebes,  pyrites,  or  ores. 
Some  copper  ores  are  yellow,  violet,  purple, 
green,  blue,  blackifh,  bright  gold-colour’d, 
(Ac.  It  is  often  accompanied  with  the  ores  of 
filver,  iron,  or  lead  ;  and  commonly  contains 
a  large  quantity  of  combultible  common  ful- 
phur. 

Copper  ore  is  fometimes  alfo  found  in  form 
of  a  dull  or  powder  ;  and  fometimes  procured 
from  the  water  of  certain  fprings  containing 
vitriol.  In  the  mines  of  Hungary ,  Dr.  Brown 
obferves,  there  are  divers  forts  of  ore,  but  the 
chief  difference  is  between  the  yellow  and  the 
black  ;  the  firil  whereof  is  pure  copper  ore  : 
the  black  alfo  contains  a  portion  of  filver  *. 

How  feparated  from  the  ore. 

The  ore  is  differently  treated  according  to 
the  fubltances  wherewith  it  is  mixed,,  if  it  a- 
bounds  with  filver,  ’tis  firlt  gently  roalted,  till 
a  great  part  of  the  fulphur  goes  off  in  fume. 
At  Goflaar,  in  Germany ,  they  firlt  break  the 
ore  into  pretty  large  lumps,  then  burn  it  in  an 
open  fire  of  wood  and  charcoal ;  after  which 
they  beat  it  fmailer,  and  roalt  it  twice  again  : 
and  thus  make  it  fit  for  the  firlt  furnace,  where 
it  is  melted  into  a  Itony  red  matter,  called 
ccpper-ftone  ;  which  being  again  roalted  and 
melted  becomes  black-copper  ;  this  they  roalt 
again,  in  order  to  free  it  from  its  fulphur ; 
and  now  it  is  in  a  fit  Hate  to  be  treated  for  its 
filver  ;  which  they  get  out  by  adding  four 
parts  of  lead  to  one  of  the  black- copper,  then 
melting  them  together  in  a  Itrong  fire,  and 
calling  the  mafs  into  moulds,  where  it  hardens 
into  blocks.  Thefe  they  carry  to  another 
furnace,  and  bury  in  charcoal ;  giving  only  a 
gentle  heat,  till  the  lead  and  filver  melt  and 
run  away  together,  into  the  bafon  or  receiver, 
leaving  the  copper  blocks  unmelted  behind, 
which  are  thus  honey-comb’d,  and  drain’d  of 
their  filver  ;  but  left  capable  of  being  brought 

*  Phil.  Tranf  59, 


to  malleable  copper,  by  repeated  fufions.  In 
the  Hungarian  mines,  Dr.  Brown  tells  us, 
they  fometimes  burn  the  ore,  and  fometimes 
melt  it ;  and  this,  fometimes  by  it  felf,  and 
fometimes  mixed  with  other  minerals,  and  its 
owndrofs.  He  adds,  that  an  hundred  weight 
of  ore  will  yield  20,  30,  40,  nay  50  and  60 
pound  of  metal  f\ 

The  purification  of  copper  chiefly  depends 
upon  totally  freeing  it  from  its  fulphur,  which, 
may  be  done,  for  the  more  curious  ufes,  by  melt¬ 
ing  it  feveral  times  with  fix’d  alkali,  nitre,  or 
borax. 

Its  medicinal  'virtues.. 

’Tis  of  importance  to  a  phyfician  to  be  well 
acquainted  with  the  nature  and  properties  of 
copper ;  as  it  furnilhes  a  great  variety  of  re¬ 
medies.  It  may  be  faid  that  what  Paracel- 
fus  and  Helmont  have  advanced  of  an  univerfai 
remedy,  feems  to  hold  of  copper.  Thus,. 
Butler' s  famous  Itone,  if  there  be  any  truth  in 
the  account,  was  a  preparation  of  this  metal  1 
the  celebrated  remedy  of  Van  Helmont  was  a 
fulphur  of  vitriol,  fix’d  by  a  long  calcination 
and  cohobation.  Mr.  Boyle's  Ens  veneris  is  a 
vitriol  of  copper  made  with  fal-ammoniac. 
Copper  is  an  excellent  emetic,  having  this 
Angular  virtue,  that  it  exerts  its  force  as  foon 
as  ever  ’tis  taken  ;  whereas  other  emetics  lie 
long  in  the  ftomach  before  they  operate. 
But  a  fingle  grain  of  verdigreafe  immediately 
vomits;  and  hence,  fyrups,£3Y.  which  have  Hood, 
all  night  in  copper  veffels  occafion  vomiting. 

Copper  has  been  fwallowed  crude  without 
harm  ;  and  returned  without  diffolving  in  the 
body.  But  its  preparations,  given  internally,, 
fometimes  prove  fo  violent  and  hazardous,  that 
few  chufe  to  employ  them  where  fafer  medi¬ 
cines  may  anfwer  the  end.  They  are  molt  of 
them  emetic,  and  diforder  the  body  too  much  j 
fo  as  to  approach  the  nature  of  poifons,  ra¬ 
ther  than  that  of  remedies. 

Its  common  ufes. 

Its  ufes  in  mixture  are  known.  Thus  with. 

tin. 


f  Ibid. 
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Of  I  R  O  N. 

i.  Iron  is  ( i )  diftinguiftiable  by  its  proper  gravity  (sj. 

(2)  Lefs  fimple  than  the  preceding  metals  ;  as  affording  manifeft  indlea* 
tions  of  a  crude  fulphur,  or  combuftible  matter  adhering  to  it,  which  fre¬ 
quently  appears  in  live  flames  (/). 

(3)  Pretty  fix’d  in  the  fire  *,  yet  fo  as  to  fume  and  fparkle,  as  it  were,  with 
combuftible  matter,  and  thus  continually  lofes  of  its  weight  («). 

(4)  Dudtile  under  the  hammer,  and  may  be  drawn  into  wire,  but  not  of 
an  exceeding  finenefs  •,  for  then  it  cracks  or  fnaps.  It  is  alfo  hard  and  fo¬ 
il  orous  (*). 

(5)  Ignites  long  before  itfufes  ;  nor  melts  without  a  violent  fire  *,  and  this 
the  moft  (lowly  of  all  metals  :  when  red-hot  it  will  bear  the  contact  of  cold 
water,  without  danger  to  the  by-ftanders  (jy). 

(6)  It  eafily  diffolves  with  any  fait,  growing  ruddy  therewith  ;  readily  lets 


fin  it  makes  a  bell-metal,  and  a  good  metal 
for  microfcopes,  or  reflecting  telefcopes.  With 
calamine  it  makes  brafs,  with  zink  prince’s-me- 
tal,  with  grape-hufks  it  makes  verdigreafe,  &c. 

Hints  for  its  alchemical  hijlory. 

Expofed  upon  a  tile  to  the  focus  of  a  burn¬ 
ing' g^fs  it  turns  to  a  reddifh  calx,  then  melts 
into  a  deep  red,  and  almoft  opake  glafs ;  which 
is  reducible  to  copper  by  being  melted  upon 
charcoal.  It  burns  and  gives  a  green  flame  in 
the  fire,  or  a  candle.  Ground  and  diflilled 
with  fublimate,  the  copper  remains  behind 
with  the  falts,  in  form  of  a  red  inflammable 
rofin  that  burns  green.  Hence  quart ,  whe¬ 
ther  it  be  not  compofed  of  an  inflammable 
fulphur,  and  a  red  vitrifiable  earth  ? 

(s)  Vid.  the  table,  where  it  is  (hewn  to  be 
next  in  weight  to  copper. 

( t )  The  abundance  of  fulphur  in  iron  is  appa¬ 
rent  from  the  fparks  it  emits,  when  ignited,  and 
beat  under  the  fmith’s  hammer ;  thofe  fparks 
being  owing  to  the  fulphur  of  the  iron:  nor 
is  there  any  thing  like  them  feen  in  any  other 
enetal. 

(u)  It  is  very  fixed,  as  to  its  metalline  part, 
fcut  not  its  fulphureous  one.  This  latter  is 
pretty  eafily  volatilized,  and  confirmed  by 
fire  ;  as  appears  from  the  fulphureous  fmell  of 
iron,  either  ignited,  or  melted.  If  you  ex- 
pofe  iron  to  an  intenfe  fire,  it  grows  warm, 
reddens,  burns,  turns  of  a  flame  colour,  and 
at  length  emits  fparks,  and  then  runs.  If  it 
be  now  taken  away,  it  will  be  found  fofter 
for  the  fufion  :  but  if  you  continue  it  in  the 
fire,  it  conies  at  lad  to  yield  a  whitifh  fume  ; 
and  thus  lofes  a  great  part  of  its  body,  <vi%. 
its  fulphur. 

t*)  It  is  the  lead  dudile,  the  hardcfl,  and 
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mod  brittle  of  all  the  metals.  Yet  by  fufing 
it  we  can  render  it  dill  harder,  and  more 
brittle,  and  fcarce  capable  of  being  drawn,  or 
extended  at  all :  or,  if  it  be  only  ignited,  and 
then  quenched  in  cold  water,  it  grows  harder, 
and  lofes  much  of  its  former  duftility ;  and 
the  morefo,  as  the  water  is  colder,  and denfer, 
ar.d  the  extinflion  more  fudden.  This  extra¬ 
ordinary  brittlenefs  of  iron  arifes  from  the 
fulphur  intermixed  with  it  :  and  the  greater 
quantity  it  contains,  the  more  brittlenefs  does 
it  impart  to  the  metal. 

(y )  It  fufes  with  difficulty,  and  contrary 
to  the  nature  of  all  other  metals,  the  more  it 
is  ignited,  the  fofter,  and  more  duflile  it  be¬ 
comes  ;  being  fcarce  flexible  or  malleable  at 
all  till  after  ignition. 

Add,  that  when  in  a  (late  of  ignition,  both 
its  weight  and  dimenfions  are  greater  than 
when  cold.  M.  Mufchenbroeck,  counterpoifing 
a  prifm  of  iron  of  three  pound  weight  in  a 
nice  pair  of  feales,  which  would  even  turn 
with  f0  of  a  grain  ;  and  afterwards  heating 
the  prifm  red-hot,  found  that  it  (till  weighed 
exactly  three  pound  :  whence  he  concludes, 
that  it  had  gained  in  weight  from  the  fire. 
For  the  experiment  being  made  in  open  air  ; 
and  heat  being  always  found  to  dilate  iron  ; 
’tis  evident  the  fpecific  gravity  of  the  metal 
mud  have  been  diminilhed  by  fuch  dilatation  : 
which  mud  have  been  perceived  by  the  feales 
unlefs  fome  new  weight  had  been  added  to 
it  from  another  quarter*.  This  acceffion  of 
weight  may  arife  from  the  fiery  particles  fix¬ 
ing  therein  :  and  if,  when  ignited,  it  be  pro 
vented  from  extending  itfelf,  it  bnrfls ;  and 
either  breaks,  or  throws  off  any  body  thal 
reilraincd  it. 
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Rtf. 

£)ejl  ruSlible. 

Magnetlfm. 

Salubrity. 

Where  found. 
It  what  form 
ore. 
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go  its  folventagain,  and  turns  into  a  ferruginous  Scoria.  Hence  it  is  extremely 
inclined  to  ruft(z). 

(7)  It  is  the  moil:  eafily  deftroyM  of  all  metals':  with  lead  and  antimony  rt 
immediately  turns  to  Scoria  (a). 

(8)  It  is  attracted  by  and  attra&s  the  load-done  ( b ). 

(97  It  has  great  medicinal  virtues,  being  nearer  allied  to  the  human  body 
than  any  of  the  other  metals  •,  fo  as  to  be  al  mo  ft  wholly  difTolvable  therein  ( c). 

2.  Iron  feems  to  be  produced  in  all  countries.  It  is  found  in  undtuous 
marly  earths  •,  which  when  burnt  in  the  fire,  difcover  their  metal  by  the  rcd- 
nefs  of  the  colour.  •  It  is  alfo  found  in  a  fiony  ore,  where  it  thews  it  felf  by  a 
rufty  colour,  or,  if  it  be  rich,  by  a  pale  bluifh  one,  and  fometimes  alfo  by 
its  magnetic  power.  It  is  likewife  raanifeftly  known  to  be  in  the  green, 
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(z)  It  is  eafily  diffolvable  in  falts,  dew, 
air,  &c.  By  the  adlion  of  any  of  thefe  it 
contra&s  a  ruftj  which  is  nothing  but  the 
flowers  of  iron  ;  or  iron  diffolved,  and  relin- 
quilhed  by  its  difl’olvent :  for  iron  being  ex¬ 
amined  with  a  microfcope,  when  firft  it  be¬ 
comes  rufty,  fnew’d  its  furface  covered  over 
with  a  number  of  pellucid,  vitriolic  lamella, 
or  glebes ;  which  being  afterwards  dried,  by 
the  fluid  menftruum’s  evaporating,  become  a 
fuddy  calx.  Hence  an  oily  matter  perfectly 
deftitute  of  all  fait,  or  acidity,  being  fmeer’d 
over  iron,  hinders  its  rufting  ;  by  preventing 
the  accefs  of  the  air,  the  falts  floating  wherein 
would  prey  upon  it. 

And  hence  the  method  ufed  by  artificers  to 
preferve  iron  bright ;  'viz.  by  oil  of  olives 
boiled  with  a  little  litharge,  or  cerufs,  which 
abforbs  the  acidity  of  the  oil  ;  or  they  only 
boil  the  oil  to  a  thicknefs,  and  fo  exhale  the 
acid,  before  they  ufe  it. 

Ineffed,  all  falts,  unlefs  we  except  the  al- 
caline,  have  a  power  of  diffolving  iron.  And 
hence  that  elegant  experiment  of  taking  a 
large  plate  of  iron,  and  applying  to  it,  in  one 
place,  a  drop  of  water  ;  in  another  a  drop  of 
vinegar  ;  in  another  fpirit  of  vitriol,  &c.  for 
all  thefe  feveral  menftruums  will  bring  a  dif¬ 
ferent  ruft  on  the  metal,  according  to  the  na¬ 
ture  of  the  menftruum  employed. 

(a)  It  neither  refills  the  force  of  lead,  nor 
antimony  ;  but  being  fufed  with  them,  rea¬ 
dily  diffipates  in  fume,  vitrifies,  or  turns  to 
Scoria. 

(i b )  But  it  muft  be  remember’d  that  iron  it 
felf  may  be  brought  to  attrabl  iron  j  or  that 
it  may  become  a  magnet  with  refpeft  to  it  felf. 
Dr.  Gilbert  obferv’d  long  ago,  and  Mr.  Boyle 
confirms  the  obfervation,  that  iron  rods,  as 
the  bars  of  windows,  by  Handing  a  long  time 
1  n  a  perpendicular  pofition,  will  grow  mag- 
netical :  fo  that  the  bottom  of  the  bar  will  at¬ 


tract  the  Southern  end  of  an  animated  needle, 
and  repel  the  Northern  ;  but  the  upper  end 
attract  the  Northern ,  and  repel  the  Southern. 

Mr.  Boyle  has  even  found,  that  a  bar  of 
iron,  without  Handing  long  in  an  eredl  pollute, 
by  merely  holding  it  perpendicularly,  will 
acquire  the  fame  virtue  ;  but  then  the  virtue 
will  be  tranlient ;  fo  that  if  you  do  but  invert 
the  bar,  its  poles  will  be  changed. 

The  fame  author  obferves  further,  that  the 
fame  virtue  which  a  bar  of  iron  acquires  in  a 
long  courfe  of  time,  merely  by  its  pofition, 
may  be  foon  imparted  to  it  by  means  of  fire. 
And  hence  vve  find,  that  the  fame  experiment 
holds  in  tongs,  and  other  iron  utenfils,  which 
have  been  let  to  cool,  leaning  againlt  the 
wall. 

And  hence,  probably,  the  llory  current  a- 
mong  the  Italian natural  ids,  'viz.  that  a  large 
iron  bar,  fupporting  a  crofs  of  an  hundred 
pound  weight,  on  the  top  of  the  church  of 
Arimini,  was  tranfmuted  into  an  aftual  load- 
ftene ;  a  piece  of  which  was  preferved,  among 
other  rarities,  in  the  repofitory  of  Aldro- 
f vandus . 

Mr.  Boyle  adds,  that  having  brought  a  large 
piece  of  Englijh  oker  to  a  proper  lhape,  and 
then  made  it  red-hot,  and  let  it  cool  again  in 
an  eredl  pofture,  it  difeovered  a  magnetical 
virtue  ;  and  would  attract  one  end  of  a  needle, 
and  repel  the  other  -f.  But  whether  this  laft 
cafe  be  not  accountable  for  from  the  ferrugi¬ 
nous  matter  wherewith  that  mineral  is  known 
to  abound,  even  beyond  fome  iron-ores ,  con¬ 
tained  in  the  oker,  will  admit  of  a  doubt. 

(c)  Iron  is  one  of  the  noblell  remedies  in  all 
medicine  j  perhaps  of  more  efficacy,  in  chroni¬ 
cal  cafes,  than  all  animal  and  vegetable  matters 
put  together.  ’Tis  greatly  ftrengthning  and 
aperitive,  aftringent  or  llyptic,  as  ’tis  diffe¬ 
rently  prepared. , 
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foffil  vitriol  (d).  But  to  reduce  the  ores  to  pure  iron,  requires  an  intenfe  fire  ; 
with  certain  proper  additions,  and  previous  roafting  (e). 


(d)  Iron  is  found  in  mofl  parts  of  the 
globe  ;  nay,  even  in  all  forts  of  matter  :  par¬ 
ticularly,  all  the  parts  of  animals,  both  fo- 
lids  and  fluids  ;  as  milk,  urine,  blood,  fat, 
bones,  flefli,  Cifc .  Out  of  any  of  thefe  iron 
is  procured,  by  calcining  them,  and  then 
drawing  a  load-ftone,  or  the  edge  of  a  knife 
touch'd  with  a  load-done,  lightly  over  the 
calx,  or  afhes :  for  the  iron  particles  are  by 
this  means  drawn  out  of  the  afhes,  and  adhere 
to  the  knife. 

Again,  earths  calcined,  afford  iron  ;  as  we 
fee  in  clays,  and  potter’s-earths ;  it  being  the 
iron  alone  that  gives  them  their  reddifh  co¬ 
lour,  when  burnt,  or  baked.  The  fame  is 
obvious  of  bricks,  tiles,  &e.  which  are  made 
of  a  bluifh,  livid  clay,  and  only  become  red 
in  virtue  of  the  iron  particles  mixed  with 
them. 

Dr.  Lifter  imagines  hedifeovered  that  iron 
is  the  bafis  of  the  done  in  the  bladder,  and  kid¬ 
neys  ;  and  confequently,  that  the  more  we 
eat  of  vegetable  and  animal  fubftances  con¬ 
taining  fuch  iron,  or  the  more  chalybeates, 
or  iron  medicines  we  take,  the  more  matter 
is  fupplied  for  the  generation  cf  that  diliemper. 
The  foundation  of  this  dedfrine  is  that  above- 
mentioned  of  iron  extracted  out  of  the  calx  of 
human  urine,  or  milk,  or  blood,  or  bones,  or 
the  ftones  themfelves  taken  from  animals. 
But  tho'  thus  much  be  allowed,  dill  it  may  be 
doubted  whether  it  is  iron  that  generates  the 
calculus.  For  when  iron  has  contra£led  aruft, 
it  is  fcarce  attracted  by  the  load-done  at  all : 
fo  that  it  is  a  little  unfafe  to  argue  thus  :  “  all 
“  vegetable  and  animal  fubltances  afford  a 
<c  calx  which  is  attracted  by  the  load-done  ; 
“  confequently  the  iron  we  take  furnifhes  the 
“  matter  of  the  done  fince  iron  it  felf,  if 
changed  by  a  fait,  or  acid,  or  even  by  heat, 
does  not  fly  to  the  magnet.  That  excellent 
author,  therefore,  has  carried  the  point  a  little 
too  far  :  and  accordingly,  all  he  has  wrote  on 
this  principle,  about  fpaw-waters,  and  chaly¬ 
beate  medicines,  mud  be  looked  on  as  very 
precarious  and  hypothetical. 

Lhe  running  of  iron  from  its  ore. 

Iron  is  rarely  found  in  its  own  form  ;  but 


mod  commonly  in  black,  or  brown  glebes ; 
from  which  it  is  fcaice  to  be  feparated  by  fire 
alone  ;  without  fome  addition  to  abforb  the 
fulphureous  part.  By  this  means  the  metal  is 
brought  to  run  fluid,  and  received  in  moulds  of 
different  forms,  according  to  the  works  it  is 
intended  for. 

Natural  biftory  of  iron. 

( e )  Iron  mines  are  common  in  mod  countries 
of  Europe  ;  Norway,  Poland,  Germany,  France, 
England,  Sec.  abound  with  them :  only  Ame¬ 
rica  which  is  fo  plentiful  in  gold  and  filver 
mines,  has  none  of  iron  :  and  accordingly,  the 
natives  prefer  a  metal  offo  much  ufe,  infinitely 
beyond  their  own  treafures.  In  fome  mines  in 
Silefta,  M.  Stahl  cbferves,  they  find  grains 
of  iron,  already  malleable.  Mr.  Boyle  adds, 
that  one  of  the  bed  forts  of  Swedijh  iron  is 
found  in  form  of  a  mud,  at  the  bottom  of 
lakes,  and  other  dagnant  waters. 

Its  common  glebe,  or  marcafite,  bears  a  near 
refemblance  to  the  load-done ;  as  in  effeCl, 
that  done  always  yields  true  iron.  Sometimes, 
it  is  in  pieces  as  big  as  the  fid ;  and  fometimes 
only  in  a  fand.  Again,  in  fome  places,  it  is  on 
the  furface  of  the  earth,  or  fcarce  an  inch  or 
two  deep  ;  but  ’tis  more  common  to  have  it  at 
a  depth  of  four,  five,  or  fix  feet. 

The  fored  of  Dean,  in  Glocefterfhire,  is  par¬ 
ticularly  rich  in  iron-ore ;  which  it  yields  of 
divers  colours,  weight,  CSV.  The  bed  is  that 
of  a  bluifh  co7our,  heavy,  and  full  of  fhining 
fpecks,  like  grains  of  filver:  but  this,  tho’ 
it  yields  the  greated  quantity  of  iron  j  yet,  be¬ 
ing  melted  alone,  the  metal  is  too  fhort  and 
brittle.  To  remedy  this,  they  mix  it  with 
th t  cinder,  or  remains  of  old  ore  melted  down 
long  ago  ;  which  gives  it  that  excellent  tem¬ 
per  and  toughnefs,  for  which  this  iron  is  fo 
much  preferred  to  any  other  *. 

In  the  iron-works,  at  Milthrop,  in  Lanca- 
Jhire,  they  ufe  turf  along  with  the  charcoal, 
which  makes  the  iron  better  than  the  coal  a- 
lone.  Befide,  to  the  calx  thus  produced,  they 
add  about  f  of  the  quantity  of  lime-done  un¬ 
burnt,  to  make  it  melt  more  freely,  and  cad 
the  cinder,  which  they  take  off  before  they 
let  the  metal  run  f. 


Additions  to  the  Article  Iron. 


Its  natural  biftory. 

Iron,  being  the  mod  ufeful,  as  well  as  the 
mod  common  of  all  metals,  deferves  to  have 
its  hidory  carefully  traced,  and  its  nature 

*  Phil.  Tran  ft.  N°.  137. 


thoroughly  enquired  into.  In  fome  few  mines 
it  is  now  and  then  found  native  and  pure,  ei¬ 
ther  granulated,  or  in  fmall  twigs,  or  lumps. 
Its  ore  is  found  cf  very  different  forms  and  co¬ 
lours  5 
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fours  ;  fbmetinres  it  appears  as  a  ponderous, 
dark,  yellow,  or  redddh  Hone ;  fomctimes 
like  a  hone,  or  a  whetftone  ;  fometimes  as 
oker,  marcafites,  ruddle,  or  red  fand.  Thefe 
different  ores  arealfo  different  in  their  natures, 
with  rcfpefl  to  the  iron  they  afford  by  tlie 
fame  treatment.  Thus  there  is  a  peculiar 
German  ore,  {melted  in  Holland ,  which  af¬ 
fords  an  almoft  malleable  iron,  at  the  firit 
running,  and  thus  makes  plates  that  will  cut 
or  file  with  great  eafe,  to  very  great  utility. 
If  this  property  could  be  found  in  other  iron 
ores,  or  could  by  art  be  cheaply  communi¬ 
cated  to  them,  it  would  prove  an  univerlal  be¬ 
nefit.  We  have  fcarce  any  iron  in  England 
fit  .to  make  good  Heel  of ;  the  German  iron 
above  mentioned  makes  it  excellently.  This 
being  the  bell  kind  of  iron  ore  hitherto  known, 
we  fhall  find,  by  tracing  the  fubjefl,  that 
there  are  numerous  intermediate  ores,  till  at 
length  we  defcend  to  fuch  as  will  afford  only 
a  rotten  worthlefs  metal,  not  deferving  the 
name.  Again,  fome  iron-ore  yields  this  me¬ 
tal  eafily,  and  without  any  addition  ;  others 
with  difficulty,  and  require  additions  to  lay 
hold  of  their  fuperabundant  fulphur.  For 
this  purpofe  they  ufe  lime-fione,  quick-lime, 
marl,  Hones,  {lag,  or  other  cheap  materials, 
that  will  fix  and  detain  fulphur.  The  toughed, 
or  moff  malleable  iron  is  the  belt ;  that  which 
is  brittle  or  rotten  being  of  the  lead  value,  or 
ufe :  tho’  perhaps  this  difference  may  not  pro¬ 
ceed  from  any  real  difference  in  the  proper 
metallic  part,  but  he  wholly  owing  to  the 
earthy,  grofs,  vitriolic,  and  fulphureous  mat 
ters  adhering  to  it,  or  intimately  combin’d 
therewith  j  whence  proper  experiments  Ihould 
be  made  to  try  whether  fuch  matters  could 
not  be  advantageoufly  feparated  from  the  me¬ 
tal.  Many  particulars  tending  to  this  end, 
may  be  learnt  by  converfing  with  fkilful  work¬ 
ers  in  iron,  and  are,  perhaps,  fuch  as  few  phi- 
lofophers  would  dream  of.  But  to  treat  this 
fubjeCl  properly  would  require  a  volume. 

How  feparated  from  the  ore. 

The  common  ways  of  feparating  iron  from 
its  ore  are  already  explain’d ;  tho’  perhaps 
they  might  be  greatly  improv’d,  by  ufing  fuit- 
able  additions,  and  mixtures  of  earthy,  alka¬ 
line  fubdances  ;  and  a  peculiarly  adapted 
few  el.  The  ftrongeft  fire,  in  a  confiderable 
body,  and  a&ual  contact  of  a  large  quantity 
of  the  ore  with  a  vegetable  fewel,  are  the 
common  requifitesto  the  making  of  good  iron ; 
the  furnaces  being  built  in  fuch  a  manner  as 
that  the  ore  fhall  burn  as  fewel.  Perhaps  no 
iron  is  procurable  even  from  the  bed:  iort  of 
ore,  in  a  clofely- cover’d  crucible,  or  melting- 
pot.  A  mixture  of  ore  will  often  yield  me- 
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tal,  when  the  ores  feparately  could'  notbr 
work’d  to  advantage.  The  iron  fmelting- 
furnaces  are  fo  contrived  that  the  metal,  where 
it  runs,  may  flaw  into  a  proper  receiver  at 
the  bottom  ;  where  it  may  be  let  out  at  a  tap- 
hole,  fo  as  to  run  into  a  bed  of  fand,  as  into 
a  mould,  where  it  receives  the  form  of  what 
they  call  pigs,  or  fows.  But  fand  renders  the 
furface  of  the  metal  unequal,  and  perhaps, 
affedls  its  more  internal  parts,  either  on  ac¬ 
count  of  the  air,  naoiffure,  & c.  contained  in 
the  fand :  whence  it  might  be  advifeable  to 
contrive  a  better  bed  for  it,  of  fome  proper 
earth,  that  fhould  neither  diilurb  its  external 
nor  internal  parts  ;  whence  the  metal  might, 
probably,  prove  fofter,  and  more  equable  j 
or  require  lefs  labour  to  make  it.malleable. 

Ho  w  made  malleable.  . 

The  pig,  or  fow-metal  is  not  malleable,  but 
render’d  fo  by  being  beat  hot,  which  feems  to- 
fqueeze  out  of  it  a  kind  of  droffy  matter  !e{s 
metallic  than  what  now  remains  wedged  clofe 
together,  and  laid  even  by  the  force  of  re¬ 
peated  blows.  The  common  method  wherein 
this  is  done,  will  be  better  learnt  from  feeing 
the  work,  than  by  reading  any  defeription 
of  it. 

Hiftory  of feel. 

The  bufinefs  of  Heel  remains  fomewhat 
obfeure  :  the  naturalifls  from  Arifotle  to 
our  time,  fpeak  of  the  making  it  in  terms 
which  leave  a  man  greatly  to  feek  for  the  pre- 
cife  method  thereof.  It  feems  the  artiHs  have 
had  the  addrefs  to  elude  their  enquiries  ;  and 
Hill  keep  fomewhat  of  the  myflery  to  them- 
felves. 

Arifotle  lays,  that  feel  is  only  iron  defecatedr 
and  made  pure ,  by  repeated  fujions  ;  for  the  im¬ 
pure  parts ,  or  Scoriae,  he  obferves,  fubfde,  and 
are  purged  off  by  the  bottom  *.  And  the  like 
account  is  given  by  feveral  later  writers.  But 
Dr.  Lifer  Ihews  they  are  all  miHaken  :  iron, 
of  it  felf,  he  notes,  how  oft  foever  purged, 
and  refined,  will  never  become  Heel,  without 
other  addition  f. 

The  chemifts,  with  the  generality  of  late 
writers,  as  Dr.  Plott,  Sec.  will  have  Heel  made 
by  keeping  the  iron  ignited  fome  time,  amidft 
the  fire  and  fume  of  bullocks  horns  and  hoofs, 
and  charcoal  made  of  beech,  or  willow ;  and 
then  plunging  it  in  cold  afiringent  decoctions. 
But  thefe  additions  appear  to  be  no  better  than 
a  blind  ;  they  are  neceflarily  required  for 
cafe-hardening  of  iron,  which  may  have  led 
authors  into  the  notion  ;  but  don’t  contribute 
any  thing  to  the  converting  it  into  Heel. 

Kircher  and  Agricola  deferibe  the  method 
of  making  Heel,  as  praCtifed  'in  the  ifland  of 
llva,  a  place  anciently  famous  for  this  metal : 

v  nr*  1.  — 
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“  the  iron  is  firft  heated  red-hot,  then  cut  in 
“  {‘mall  pieces,  and  thus  mixed  with  a  fort  of 
“  ftone  which  promotes  the  fufion :  then,  a 
“  crucible  is  fet  in  a  fmith’s  forge,  and  filled 
t(  with  charcoal.  When  thevefl'el  is  red-hot, 
“  they  put  in  by  little  and  little,  the  mixture 
“  of  iron  and  ftone.  As  foon  as  ’tis  melted, 
“  they  thruft  three  or  four  pieces  of  iron  into 
**  the  middle  thereof,  and  keep  them  boiling 
“  therein,  with  a  ftrong  fire,  five  or  fix  hours ; 
“  obferving  from  time  to  time,  to  ftir  the 
“  melted  metal,  that  the  pieces  of  iron  may 
“  imbibe  the  fmaller,  fubtiler  particles  there- 
“  of,  and  have  their  own  grofler  particles  at- 
“  tenuated  thereby.  Laftly,  taking  out  the 
“  pieces,  they  forge  them,  and  draw  them 
“  into  bars  ;  and  thus,  hct  as  they  are, 
“  plunge  them  into  cold  water :  taking  them 
“  out  from  hence,  they  are  found  fteel ;  tho’ 
“  not  fo  perfett,  but  that  they  frequently 
“  make  them  undergo  the  procefs  a  fecond 
“  time ;  firft  calling  fome  frelh  matter  into 
“  the  crucible 

Iron ,  hovj  converted  into  fteel,  in  the 
large  way. 

The  making  of  iron  into  fteel  appears  to  be 
the  work  of  the  fire  ;  whilft  the  metal  is  de¬ 
fended  from  the  external  air.  The  manner  is 
this.  They  take  rods  of  fine  foft  iron,  about 
an  inch  broad,  and  lay  them  upon  one  an¬ 
other  in  a  furnace,  built  after  the  manner  of  a 
cheft ;  with  care  to  ftrew  charcoal -dull  be¬ 
tween  them  fo  as  to  keep  them  from  touching  ; 
when  the  furnace  is  filled,  they  cover  it  clofe 
on  all  fides,  ufing  a  proper  luting  for  the  pur- 
pofe,  and  keep  up  the  fire,  as  in  a  reverbera¬ 
tory  furnace,  fo  as  to  make  the  bars  red-hot 
without  melting  :  and  in  this  ftate  they  are 
kept,  from  the  external  air,  feven  or  eight 
hours  ;  then,  buffering  the  fire  to  go  out  of  it 
felf,  and  the  furnace  to  cool,  they  open  it, 
and  find  the  bars  changed  into  fteel.  Some 
ufe  ftreet-mud  along  with  charcoal-dull ;  the 
mud  being  firft  baked,  and  powdered.  The 
operation  is  known  to  be  perfect,  if  upon 
fnapping  a  bar,  it  Urines,  or  looks  quite 
through  full  of  bright  fpangles,  which  the 
workmen  call  the  grain.  If  it  does  not  ap¬ 
pear  thus,  quite  through,  the  operation  is  to  be 
repeated.  There  are  feveral  curious  particu¬ 
lars  to  be  obferv’d  in  this  operation,  relating 
to  the  difference  betwixt  iron  and  fteel,  &c. 
which  we  cannot  now  confider. — It  is  found 
that  the  pureft  and  fofteft  iron  makes  the  bell 
fteel. 

The  medicinal  virtues  of  iron. 

The  internal  medical  virtues  of  iron  were 
not  unknown  to  the  ancients.  Diofcorides  at¬ 
tributes  an  aftringent  virtue  to  it,  and  recom- 

*  dgric.  de  re  metal,  lib.  9. 


Che  mis  trv. 

mends  it  in  internal  haemorrhages.  It  is  al¬ 
lowed  an  excellent  remedy  in  many  diforders ; 
but  requires  a  prudent  management.  It  may 
fafely  and  advantageoufiy  be  taken  crude,  or 
in  filings,  provided  the  dofe  be  not  fo  large 
as  to  load  the  ilomach.  It  is  remarkable  that 
the  virtues  of  iron,  and  its  various  preparations 
correfpond  to  its  tafte,  which  is  ftyptic,  fo  as 
to  contrail  tHe  fibres  of  the  tongue,  and  the 
whole  mouth  ;  thus  occafioning  a  large  dif- 
charge  of  the  faliva.  It  feems  to  ail  in  the 
body,  chiefly  by  means  of  its  vitriolic  fait. 
’Tis  allowed  to  produce  efteils  quite  contrary 
in  name,  fo  as  to  conftringe  and  evacuate  ,•  to 
purge  and  bind  ;  to  promote  the  menfes,  and 
check  them,  if  c.  all  which  is  eafily  under- 
ftood  from  knowing  its  nature,  and  the  man¬ 
ner  of  its  ailing  upon  the  folids  and  fluids  of 
the  body,  by  means  chiefly  of  its  ftypticity, 
or  vitriolic  quality.  Whether  the  bell  ways 
of  preparing  it  for  internal  ufe  are  known,  is 
uncertain.  Some  wrays  of  preparing  it  feem 
rather  to  fpoil  it ;  as  thofe  by  calcination,  or 
reverberation  to  make  a  crocus.  The  fofteft 
cleaneft  iron  feems  beft  for  medicinal  ufe  :  but 
perhaps  fome  of  its  foft  native  ores,  if  pro¬ 
perly  purified  and  extracted  without  much  fire, 
are  better  in  phyfic  than  the  metal. 

Hints  for  its  alchemical  hiftory. 

Iron  expofed  upon  a  tile  to  the  focus  of  a 
burning  glafs,  melts,  fumes,  and  vitrifies ; 
but  if  laid  on  charcoal,  only  melts,  and  pre- 
fently  flies  ofin  fparks.  But  the  vitrified  fub- 
llance  left  upon  the  tile,  being  transferred 
upon  a  piece  of  charcoal,  and  again  expofed, 
recovers  its  metalline  form.  All  the  experi¬ 
ments  hitherto  known  to  have  been  made  upon 
iron,  being  confidered,  it  ftiould  feem  as  if  it 
confifted  largely  of  a  bituminous  matter,  or 
fulphur,  a  vitriolic  fait,  and  a  verifiable 
earth.  Hence  may  appear  the  reafon  why 
iron  is  found  upon  burning  plants  to  allies  ; 
its  earth  uniting  with  any  inflammable  fub- 
llance  in  the  fire,  fo  as  to  generate  iron. 

What  relation  has  iron  to  brimftone  and 
antimony  ? 

What  are  the  relations  betwixt  iron  and 
copper  ? 

Is  there  not  a  fmall  proportion  of  copper  in 
iron  ? 

What  relation  has  iron  to  the  poifonous  part 
of  cobalt  ? 

What  is  the  phyfical  reafon  why  good  mal¬ 
leable  iron  has  not  hitherto  been  made  with 
pit-coal  ? 

Does  not  iron  contain  an  a&ual  burning 
matter,  or  bitumen,  in  the  nature  of  few^el  ? 
and  is  not  this  bitumen  communicable  to  othar 
metals,  minerals,  £$V.  ? 

O  What 
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Tin,  its  cba- 
raffers, 

Compofition. 


Volatility . 
Ductility. 

Fujibility. 


Dijfolution. 


Endure i  lead , 
&C. 

Affinity  to  fil¬ 
acer. 


Of  T  I  N. 

i.  Tin  is  (i)  the  lighted  of  all  metals. 

(2)  The  lead  fimple  of  metals  ;  being  brought  by  a  fmall  degree  of  fire  to 
emit  fulphurous  flames,  which  are  eafily  feparable  from  the  metalline  part, 
and  almod  combudible  (f). 

(q)  Hence  lefs  fixed  in  the  fire  than  any  of  the  other  metals. 

(4)  It  is  foft,  flexible,  malleable,  and  may  be  drawn  into  wire,  but  not  fo 
well  as  the  former  ;  neither  is  it  very  fonorous,  or  eladic  (g). 

(5)  It  melts  more  eafily  than  any  of  the  other  metals,  long  before  it  ignites, 
and  with  a  degree  of  heat  little  greater  than  that  of  boiling  water  :  it  readily 
hardens  again  in  the  cold. 

(6)  When  crude,  or  accompanied  with  its  adhering  fulphur,  it  difTolves  only 
in  aqua  regia  ;  but  when  purified  of  its  fulphur,  by  calcination,  it  diflblves 
even  in  vinegar,  and  requires  only  a  fmall  proportion  of  that  folvent  (Tj. 

(7)  It  fo  far  endures  lead  and  antimony  in  the  refiners  ted,  as  hardly  to  be 
feparable  therefrom,  without  the  afiidance  of  copper. 

(8)  In  many  of  its  properties  it  approaches  to  filver  (i). 

2. 


What  are  the  feveral  ways  of  making  arti¬ 
ficial  iron,  and  upon  what  principle  do  they 
depend  *  ? 

(f)  Of  all  metals  it  is  the  lead  fix'd  in  the 
fire,  and  affords  the  greateft  quantity  of  ful¬ 
phurous  fumes;  confequently  lofes  mod  weight 
in  the  fire.  The  fume  thus  emitted  feems  to 
be  the  fulphur  of  the  metal  ;  which  is  per¬ 
nicious  to  the  lungs ;  as  thofe  who  are  em¬ 
ployed  in  melting  tin  find  to  their  cod  ;  it 
ufually  giving  them  a  pale,  ghadly  complex¬ 
ion,  and  throwing  them  into  a  phtifis. 

(g)  Tho’  it  be  very  little  fonorous,  or  the 
lead  of  any  metal,  except  lead  ;  yet  when 
mixed  with  other  bodies  it  may  augment  their 
found ;  as  in  the  compofition  of  bell-metal : 
and  fo  tho’  it  be  but  little  eladic  in  it  felf;  yet 
when  mixed  with  other  eladic  bodies,  it  may 
encreafe  their  eladicity. 

A  body,  Mr.  Boyle  obferves,  by  being  af- 
fociated  with  another,  may  have  new  proper¬ 
ties  and  ufes,  and  fome  of  them  quite  diffe¬ 
rent  from  what  it  had  alone  ;  thus,  two  or 
more  materials  being  conjoined,  may  be  qua¬ 
lified  into  a  third,  by  virtue  of  frefh  properties 
thence  accruing  to  the  compofition.  As  tin 
is  flexible  and  yields  but  a  dead  found,  who 
would  dream  that  one  confiderable  ufe  of  it 
fhould  be  to  make  a  lefs  yielding  and  better 
founding  metal,  more  Arong  and  fonorous  ? 
Yet  bell-metal  is  principally  compofed  of  tin 
and  copper  f . 

(b)  Acids  do  not  diffolve  it  without  great 
difficulty,  efpecially  the  more  powerful  ones. 


The  reafon  hereof  is  apparently  its  abounding 
with  fulphur ;  which  acids  do  not  touch- 
Add,  that  it  diflblves  in  aqua  regia ,  fcarcely 
in  aqua  fortis  ;  which  is  a  circumdance  re- 
markable  enough,  confidering  the  near  al¬ 
liance  it  has  with  filver.  Again,  the  weaker 
the  acid  mertjlruum  is,  the  fooner  and  the 
eafierit  works  its  end;  and  the  dronger,  the 
more  flowly  :  thus,  four  apples  and  other  un¬ 
ripe  fruits,  being  boiled  in  tin-vefiels,  will 
grow  fweetidi ;  but  the  itronged  acids,  boiled 
in  the  fame  veflels  make  no  folution  at  all- 
But  tin,  freed  by  calcination  of  its  fulphur,/ 
diflblves  in  all  acids  ;  and  is  reducible  thereby 
into  vitriolic  cryflals.  This  folution  is  little 
praftifed  by  reafon  of  the  difficulty  attending 
it  ;  for  the  tin  mud  be  fird  thoroughly  cal¬ 
cined.  before  a  folution  is  attempted  ;  and  the 
calcination  requires  a  continual  fire  for  three 
days ;  after  which  the  calx  is  diffoluble  in¬ 
common  vinegar. 

(i)  If  the  fulphur  could  be  perfectly  purged, 
out  of  tin,  ’cis  likely  it  might  approach  to 
filver ;  for  as  it  is,  the  two  metals  have  fe¬ 
veral  properties  in  common.  Thus,  when 
diflblved  in  drong  acids,  tin  grows  bitter,  as- 
well  as  filver;  and  when  it  is  fufed  along  with 
filver,  it  adheres  fo  obdinately  thereto,  that 
there  is  fcarce  any  feparating  them.  Add,, 
that  under  fuch  circunidances  it  refids  lead, 
almod  as  much  as  the  filver  does.  And  hence 
many  account  it  an  imperftdl  fpecies  of  that 
metal. 

It  may  admit  of  fome  doubt,  whether  tin 

beara 


*  See  the  French  memoirs  and  Stahl, 
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2.  It  is  found  in  a  very  heavy  ore  ;  tho*  itfelf  be  light ;  ufually  m  a  brown  Found  in 
glebe,  inclining  to  yellow,  or  in  a  black  fmooth  fhining  one,  which  is  the  'what  form’ 
richeft  kind;  fometimes  like  iron -done,  and  fometimes  it  is  alfo  Found  in  a 
heavy  porous  done  (k ). 

The  metal  is  procured  by  roafting,  grinding,  walking,  then  melting  the  Separation. 
ore,  and  thus  feparating  the  Scoria  from  it  (7). 

O  2  It 


bears  thefe  refemblances  to  filver,  in  virtue 
of  its  being  tin,  cr  only  in  virtue  of  the  par¬ 
ticles  of  filver  mixed  therewith.  ’Tis  certain 
more  of  thefe  refemblances,  and  thofe  in  a 
greater  degree,  are  found  in  fome  fpecies  of 
tin  than  others.  Mr.  Boyle  mentions  a  gentle¬ 
man,  who  having  procured  a  good  quantity 
of  the  nobler  metals  from  fome  tin-ore  long 
digeifed  in  lixiviate  liquors*  defired  Mr.  Boyle 
to  purchafe  him  a  large  quantity  thereof  ;  in 
full  expectation  of  raifing  an  eftnte.  But,  fays 
Mr.  Boyle,  after  his  firft  flock  of  ore  was 
fpent  ;  the  next  that  he  procured,  tho’  ma- 
maged  with  the  fame  care  as  the  former, 
proved  wholly  unprofitable*. 

The  fame  author  relates,  that  having  dif- 
folved  fome  block-tin,  (for  fo  the  workmen 
call  that  which  is  pure  and  unwrought)  in  a 
particular  menfiruum,  which  kept  it  fufpended  ; 
and  having  afterwards  evaporated  the  folution, 
and  fet  it  to  fhoot ;  he  found,  to  his  furprize, 
that  the  cryflals  it  afforded  were  not  all  like 
its  own  kind  of  vitriol,  but  broad,  flat,  and 
thin  like  thofe  of  filver :  upon  examining 
them  farther  by  the  tongue,  they  had  nothing 
of  the  take  of  calx  of  tin  made  in  fpirit  of  vi¬ 
negar  ;  but  that  exceffive  bitternefs  we  meet 
with  in  the  cryflals  of  filver  made  by  aqua 
fortis.  He  adds  this  further  refemblance  be¬ 
twixt  the  falts  of  thefe  two  metals,  that  both 
of  them  prefently  tinged  the  nails  and  fkin  with 
a  black  that  would  not  eafily  wafh  off;  whence 
he  might  have  fufpeCled  that  the  menfiruum 
had  exalted  the  metal  into  an  affinity  with  fil¬ 
ver,  had  he  not  afterwards  profecuted  the 
fame  trial  with  the  fame  me.nfirup.pr,  and  an¬ 
other  parcel  of  block-tin;  and  found,  that 
tho’  this  metal  was  bought  at  the  fame  place, 
and  very  foon  after  the. other,  yet  the  former 
fuccefs  was  owing  to  his  having  lighted  of  a 
lump  of  tin  that  was  of  a  peculiar  nature  f. 

Some  authors  fpeak  much  of  the  analogy 
between  tin  and  lead  ;  and  will  have  tin  to  be 
lead,  only  under  a  lefs  degree  of  codiion  : 
but  if  there  be  fome  circumflances  wherein 
they  cor refpond,  they  differ  in  others.  Lead, 
for  inflance,  is  eafily  reduced  to  a  calx ;  and 
tin  more  eafily  hill :  but  the  calx  of  lead  rea¬ 
dily  melts,  and  runs  into  a  brownifh  glafs ; 
whereas  tin  does  not  vitrify  without  much  diffi- 

*  See  Boyle  Abr.  Vol.  I,  p.  156.  1 


culty.  Tin  and  lead  readily  mix  and  unite 
with  each  other  by  a  gentle  fire  ;  but,  if  the 
heat  be  intenfe,  there  arifes  a  colludiation  be* 
tween  them  ;  the  effect  of  which  is  that  both 
fall  into  a  calx ;  and  that  the  lead  becomes  ex¬ 
ceeding  difficult,  afterwards,  to  fufe  and  vi¬ 
trify.  Add,  that  tin  is  eafy  to  be  revivi¬ 
fied;  but  lead,  not  without  difficulty;  nor 
is  the  reflauration  any  thing  compleat ;  or 
the  new  body  in  all  refpedts  like  the.- old 
one. 

( k )  Tin-ore  is  principally  found  in  Cornwall \ 
and  De-i'onjhirtr,  from  whence  all  the  reft  of 
Europe  is  fupplied  with  this  metal.  ’Tis  fo 
much  the  peculiar  produce  of  this  country, 
that  Gamlden  fuppofes  it  to  have  given  the 
denomination  Britain  to  the  ifland. 

Hifiory  of  tin-ore. 

(/)  The  ftones  from  which  tin  is  wrought, 
Dr.  Merret  tells  us,  are  ufually  found  be¬ 
twixt  two  walls  of  iron- coloured  rocks,  of 
little  or  no  affinity  with  the  tin;  in  a  vein  be¬ 
twixt  four  and  eighteen  inches  broad  :  tho’ 
inflead  of  ltones,  they  fometimes  alfo  find  it 
mixed  with  a  fmall  gravelly  earth,  generally 
of  a  red  colour,  but  fometimes  white.  From 
this  earth,  the  tin  is  eafily  feparated  by  bare 
wafhing  ;  which  is  called  Brian  tin,  and  is 
fcarce  half  the  value  of  the  former. 

In  the  tin- ore  is  frequently  found  a  hard 
glittering  fulphurous  fubflance,  called  Mundic, 
or  Maxy ,  which  is  commonly  fuppofed  to  feed 
the  metal ;  yet  where  the  Mundic  abounds, 
they  rarely  find  much  tin.  This  Mundic  is  to 
be  carefully  feparated  ;  for  if  there  be  the  leak 
of  it  left,  in  melting  the  tin,  it  makes  it 
brittle  and  cruddy,  and  diminishes  much  of 
its  duckility. 

There  alfo  occurs  a  fort  of  fpar,  of  a  film¬ 
ing  whitifh  fubkance,  foft  and  fattifh  at  firk, 
but  foon  after  becomes  fomewhat  harder  ;  it 
feldom  grows,  but  only  kicks  to  the  metal. 
Some  of  the  miners  account  this  the  mother, 
or  nourifher  of  the  metal.  The  bek  ore  is 
that  in  fparks,’  and  next  to  this,  that  which 
has  bright  fpar  in  it. 

The  ore  being  dug,  they  break  the  greater 
kones,  and  thus  carry  it  to  the  ftamping  or 
knccking-mil],  where  it  is  pounded  with 
large  lifters  headed  with  iron,  30  or  40  pound 

apiece; 

See Boyle  Altr.-V 157.  ' 
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It  is  found  plentifully  in  Great  Britain ,  and  of  the  befi:  kind  ;  infomuch 
that  Bochart  hence  derives  the  name  Britannia ,  which  he  fuppofes  formed 
from  the  Syriac ,  Barat  Anac ,  that  is,  field  of  tin.  From  this  hiftory  of  me¬ 
tals  we  deduce  the  following  corollaries. 

COROL- 


a-piece ;  and  thus  reduced  into  a  fmall  fand, 
to  be  wafhed  out  by  a  ftream  of  water,  dif- 
charged  into  it  from  a  cock,  thro’  a  brafs 
grate  into  a  Launder ,  or  trench  dug  in  the  floor ; 
out  of  which  the  water  efcapes,  carrying  with 
it  the  parts  not  metalline,  which  they  call  the 
C-aufalty,  and  leaving  the  other  at  bottom. 

To  clear  away  the  Mundic,  they  dry,  or 
burn  the  ore,  thus  feparated,  in  a  kiln,  upon 
iron  plates ;  keeping  the  matter  conftantly 
ftirring,  that  all  the  mundic  may  by  degrees 
get  uppermoft,  and  fo  be  burnt  away  ;  which 
they'difcover  by  the  flames  growing  yellow. 

Additions  to 

The  ore  of  tin  is  commonly  a  black,  pon¬ 
derous,  ftony  fubftance  ;  appearing  like  black 
ftones  :  but  fome  tin-ftones  are  yellow,  and 
others  white.  Some  are  brittle,  and  others 
extremely  hard  ;  fo  as  to  require  being  broke 
before  calcination. 

Various  matters  are  fcurd  mixed  with  tin- 
ore,  but  particularly  Mundic ,  called  the  mo¬ 
ther  of  tin  ;  being  of  the  arfenical  tribe  ;  and 
when  expofed  to  the  fire,  chiefly  going  off  in 
fume.  It  is  alfo  frequently  mixed  with  an 
irony  fubftance,  that  makes  it  very  difficult 
to  melt.  ’Tis  very  remarkable  that  fome  tin- 
ore  is  fpecifically  heavier  than  the  metal  it 
yields. 

How  feparated  from  its  ore. 

In  Cornwal,  the  ore  is  firft  feparated  from 
the  ufelefs  barren  earth,  or  ftone,  then  roafted, 
beat  and  vvalhed,  to  leave  only  the  more  me¬ 
tallic  }  art  behind ;  which  is  afterwards  ground 
and  wafh’d  again;  when  being  dried  ’tis  com¬ 
mitted  to  the  furnace,  mix’d  with  charcoal, 
and  melted  by  a  ftrong  fire,  blown  with  bel¬ 
lows.  The  melted  tin  thus  runs  to  the  bot¬ 
tom  of  the  furnace  ;  where  a  tap  hole  being 
open’d,  it  is  drawn  off  into  moulds,  that  give 
it  the  form  of  blocks. 

Its  medicinal  virtues. 

Tin  is  feldom  ufed  internally  ;  tho’  its  vir¬ 
tues  are  highly  extoll’d  by  fome  ;  but  we  fear 
upon  no  juft  grounds ;  and  particularly  in  dif- 
eafes  of  the  head,  the  lungs  and  uterus,  the 
faJling-ficknefs,  and  the  bite  of  a  mad-dog. 

It  has  been  taken  in  crude  filings  to  the  quan¬ 
tity  of  twenty  grains,  or  more,  every  day, 
for  fome  time,  without  harm. 


and  the  flench  diminilhing.  Then  they  pro¬ 
ceed  to  grind  it  again,  very  fine,  in  a  crazing- 
mill :  after  which  they  wafli  it ;  then  dry  it  a 
little  ;  and  at  laft,  carry  it,  thus  prepar’d,  to 
the  furnace,  which  they  call  a  blowing- houfe  ; 
and  there  melt  and  call  it. 

When  it  runs  out  of  the  furnace,  there 
fwims  on  it  a  drofs  or  feum,  like  that  of  iron  ; 
which  being  melted  down  with  frelh  ore, 
runs  into  metal. 

The  Caufalty  they  throw  in  heaps  upon 
banks,  which,  in. fix  or  feven  years,  they 
fetch  over  again  *. 

the  Article  Tin. 

Its  ufes. 

Befides  the  utenfils  and  veffels  made  of  this 
metal,  it  ferves  to  preferve  iron  and  copper  ; 
for  being  extremely  eafv  to  melt,  and  by 
means  of  any  un&uous  matter,  adhering 
clofely  to  them  ;  hence  has  proceeded  the 
art  of  tinning.  It  likevvife  ferves  in  folderc. 
Amalgamated  with  mercury,  it  ferves  for  the 
foiling  of  looking-glafles,  &c.  By  calcina¬ 
tion  it  makes  putty  ;  which  is  of  great  ufe  in 
the  polilhing  of  gems,  and  the  making  of 
enamels.  It  is  a  principal  ingredient  in  pew¬ 
ter,  as  well  as  bell-metal.  It  mixes  well  with 
zink  and  regulus  of  antimony,  and  thus  be¬ 
comes  whiter  and  harder  ;  but  too  much  re¬ 
gulus  makes  it  brittle. 

Hints  for  its  alchemical  hifory. 

Being  expofed  on  a  tile  to  the  focus  of  a 
burning  glafs,  it  fends  off  a  thick  grofs  fume  in 
great  plenty;  leaving  a  fine  light  white  calx 
behind  ;  which  being  continued  longer  in  the 
focus  turns  to  thin  tranfparent  glaffy  firings ; 
that  melt  no  more  without  the  addition  of  an 
unftuous  fubftance,  or  charcoal  ;  whereby  it 
returns  to  tin.  It  deflagrates  with  nitre  ; 
hence,  perhaps,  this  metal  confifts  of  a  co¬ 
pious  fulphur,  or  particular  bitumen,  and  a 
fine  verifiable  eayh  ;  mix’d,  on  account  of  its 
poifonous  quality,  with  a  minute  proportion 
of  an  arfenical  fait. 

Why  does  it  render  other  metals  brittle, 
even  In  the  form  of  fume  ?  and  why  is  it  fo 
difficult  to  feparate  it  from  them  ? 

What  would  long  digeftion  do,  towards 
ripening  it  into  filver  ?  and  what  previous  ope¬ 
rations  would  it  require  ? 


*  Phil.  Tranf  N°.  69.  p.2096,  andN0.  138.  p.  948. 
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appendix  to  the  history  of  metals. 


1.  We  have  now  gone  thro’  the  firft  clafs  of 
foflils,  viz.  metals ;  and  what  we  have  here 
done  may  ferve  as  a  fpecimen  in  what  manner 
phyfical  things  are  to  be  treated  :  not  by  fup- 
pofing  any  previous  hypothecs,  and  deducing 
their  nature  therefrom  ;  but  by  laying  down 
their  feveral  apparent  properties.  But  this 
part  will  be  reckoned  incompleat  without  the 
alchemical  dodrine  of  metals. 

2.  That  which  diltinguifhes  metals  from 
all  other  bodies,  as  well  as  from  each  other, 
is  their  degree  of  weight ;  for  every  metal  is 
found  to  have  its  peculiar  weight,  which  de¬ 
pends,  as  Helmont ,  and  the  chemifts  exprefs  it,, 
on  the  anatic  homogeneity  of  the  parts. 

Now,  the  latter  philofophers  have  proved, 
that  all  corporeal  magnitude  has  julf  fo  much 
reality  as  weight :  and  therefore  if  you  have 
found  the  weight  of  any  metal,  you  have  at 
the  fame  time  found  its  corporeity.  Sir  Ifaac 
Newton,  in  treating  of  gravity,  and  M.  Huy¬ 
gens  of  the  pendulum,  ihew  that  weight  and 
quantity  of  matter  are  correfpondent. 

3.  Metals  appear  to  be  fimple,  and  yet  are 
really  compounds;  their  component  princi¬ 
ples,  according  to  the  ancients,  are  fulphur, 
and  mercury ;  to  which  fome  of  the  moderns 
have  added  fait ;  tho’  perhaps  fait  is  no  proper 
conftituent  part  of  metals  r  but  rather  fome- 
thing  external  adhering  to  them  ;  and  which 
makes  no  part  of  their  metdlinecompofttion. 

“  In  the  analyfis  of  metals,  we  meet  with 
“  mercury,  a  fulphurous  matter,  an  earthy 
“  matter,  and  in  fome  a  faline  matter 
But  this  is  chiefly  to  be  underftood  of  the  im¬ 
perfect  metals  ;  or  of  perfeCt  ones  not  in  their 
utmoft  purity  ;  tho’ the  buming-glafs.  we  have 
already  obferved,  feparates  a  vitrifiable  earth, 
even  from  the  molt  perfect  of  all. 

All  metals  then  confltt  of  two  kinds  of  parts, 
or  principles,  m.  mercury .  as  the  bafts,  or 
matter;  and  fulphur,  as  the  binder  or  cement : 
the  firlt,  the  fubftratum,  or  metalline  matter  ; 
the  fecond,  that  which  renders  it  fix’d  and 
malleable. 

This  mercury  is  fuppofed  to  be  the  fame  with 
quickfilver,  only  more  pure  and  clear  of  any 
of  thofe  heterogeneous  matters,  wherewith  the 
common  quickfilver  is  mixed :  as  to  the  ful¬ 
phur,  it  is  not  the  vulgar  fcflil  fulphur,  but  a 
peculiar  fort  of  matter,  fpecifically  denomi¬ 
nated  fulphur  of  metals,  and  faid  by  fome  of 
our  latelt  and  bell  chemifts,  particularly  M. 
Homberg,  to  be  light,  or  fire.  This  being 
united  with  the  mercury,  fixes  it ;  and  accord¬ 


ing  to  the  different  degrees  of  union  and  cohe¬ 
rence  therewith,  produces  different  metals. 

This  dodrine  of  the  compofition  of  metals, 
is  confirmed  by  an  experiment  of  the  fame  M. 
Homberg,  who  after  having  retained  mercury 
a  long  time  in  a  moderate  fire,  thence  ob¬ 
tained  gold  out  of  it  which  was  not  in  the  mer¬ 
cury  before.  From  whence  he  infers,  that 
gold  confifts  of  a  fulphurous  or  igneous  part ; 
and  a  heavy,  mercurial  part  fixed  thereby  : 
and  that  by  only  taking  away  the  fulphurous, 
or  fiery  part  of  the  gold,  it  is  reduced  to  run¬ 
ning  mercury. 

There  are  two  v/ays  of  effeding  this,  viz. 
either  by  the  revivifying  falts  of  vegetables,  or 
by  mercury.  That  by  mercury,  M.  Homberg 
allures  us,  is  eafy;  fince  mercury  being  purged 
of  all  heterogeneous  matters,  becomes  a  men- 
ftruum  that  diffolves  gold,  by  attracting,  and 
melting  the  fulphur  which  fix’d  the  parts  to¬ 
gether.  T he  like  is  done  by  thofe  falts;  which, 
from  their  effeCt,  are  denominated  revivifying, 
viz.  by  penetrating  the  metals,  and  abforbing 
the  fixed  parts;  whence  they  refufeitate  metals 
into  their  principles. 

If  it  be  afk’d  why  gold,  if  it  only  confift  of 
the  above  mentioned  principles,  fhould  be 
heavier  than  mercury  ?  the  anfwer  is,  that  the 
particles  of  fire,  or  light,  which  Mr.  Boyle, 
and  M.  Homberg  demonftrate  to  be  heavy, 
coming  to  infinuate  themfelves  into  the  pores 
of  the  mercury,  and  there  fixing  ;  increafe  its 
fpecific  gravity. 

Silver,  according  to  the  fame  M.  Homberg, 
differs  from  gold  in  nothing  but  this,  that  the 
globules  of  its  mercury  are  not  fo  much  pe¬ 
netrated,  nor  fo  Thoroughly  faturated  with 
the  fulphurous  principle  or  fire  ;  a  lefs  quan¬ 
tity  of  which  being  lodg’d  in  the  pores  of  fil- 
ver,  than  of  gold,  leaves  it  fhort  in  point  of 
gravity,  iffc.  and  does  not  difcolour  it. 

Accordingly,  proceeding  on  this  fuppofi- 
tion,  he  found  that  he  could  produce  gold, 
by  introducing  a  large  quantity  of  fire,  or  of 
the  rays  of  light  into  filver.  And  hence  he 
thinks  it  appears,  that  gold  fhould  be  longer 
in  forming  than  filver ;  and  that  all  gold  was 
firft  filver  f. 

4.  All  metals,  ’tis  faid,  muft  firft  be  mer¬ 
cury,  before  they  become  gold  or  filver ;  and 
that  the  thing  fuperadded  to  the  common 
mercury,  whereby  it  is  prevented  from  be¬ 
coming  gold,  is  a  volatile  body  ;  which,  when 
heated,  becomes  corrofive,  and  emits  fumes. 
This  dodrine  has  been  fuflkiently  laugh’d  at. 


*  Homberg.  Mem,  del* Acad.  an.  1702. 


Mem  de  F  Acad.  an.  1709. 
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arul  exploded  by  many  philofophers,  ignorant 
of  the  nature  of  metals. 

In  effect,  what  is  here  advanc’d  feems  the 
reiult  of  numerous  experiments  ;  nor  does  it 
appear,  in  any  refpeft,  inconfiftent  with  rea- 
fon  :  it  mull  be  admitted  therefore,  that  mer¬ 
cury  may  be  the  matter  of  all  metals  ;  that 
as  this  is  more  or  lefs  pure,  the  metal  is 
more  or  lefs  ponderous  ;  that  there  is  no 
proof  of  matter  fo  clear  and  ilrong,  as  what 
is  deriv’d  frcm  weight ;  and  that  the  fpecific 
nature  of  a  metal  is  known  thereby. 

Hence  the  more  knowing  among  the  al¬ 
chemifts  maintain,  that,  “  if  you  would  con- 
“  vert,  for  inftance,  a  piece  of  tin  into  gold, 
“  you  mull;  firft  carry  it  thro’  all  the  interme- 
“  diate  weights  of  the  other  metals,  that  is, 
“  it  muft  firft  be  the  weight  of  iron,  then  of 
“  copper,  then  filver,  then  mercury,  and  at 

laft  gold.” 

“  On  this  principle,  whoever  would  make 
“  gold  out  of  any  other  foreign  matter,  muft 
**  remember,  that  the  more  his  matter  comes 
‘‘  fhort  of  mercury  in  weight,  £sV.  the  lefs 
<<  gold  it  will  make  ;  that  if  quickfilver  could 
“  be  raifed  to  the  weight  of  gold,  it  would 
“  be  gold  j  that  the  matter  which  coagulates, 
“  or  fixes  this  mercury  into  gold,  &c.  is 
“  fubtile ;  and  as  quickfilver  held  over  the 
“  fumes  of  lead,  is  readily  fix’d,  it  appears 
“  that  a  very  little  fixing  matter  fufftces ;  that 
fC  if  mercury,  coagulated  by  fulphur,  have 
“  any  impurities  therein,  it  becomes  lighter, 
“  and  lefs  perfect  than  quickfilver  ;  that  na- 
“  ture  in  feme  cafes  is  able  to  make  gold, 
“  but  not  in  others ;  and  where  Ihe  is  unable 
“to  do  this,  there  arifes  a  lefs  noble  metal ; 
“  and  that  if  the  fulphur  be  not  ftriftly  ho- 
“  mogeneous,  there  will  arife  a  ftill  more  im- 
“  perfect  metal.” 

5.  If  this  doCtrine  be  true,  metals  appear 
tranfmutable  into  one  another.  For  if  me.r- 
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cury  be  the  common  matter  of  ail  metals  ; 
and  if  all  the  difference  lie  in  the  fixing  mat¬ 
ter,  which,  as  ’tis  more  or  lefs  fubtile  and 
pure,  conftitutes  this  or  that  metal  ;  ’tis  not 
improbable  they  fhould  be  converted,  by  a 
purer  fixing  fulphur’ s  taking  place  of  a  cor- 
rofive  one,  into  a  more  perfect  metal. 

6.  The  pureft  metals  are  faid  to  refult  from 
the  pureft  mercury,  join’d  with  the  fubtileft 
fulphur;  hence  the  mercury  of  gold  is  hea¬ 
vier  than  the  common  mercury,  which  has 
always  fome  impure  part  that  is  lighter  than 
gold:  and  could  that  be  taken  away,  and  the 
fixing  matter  added,  it  would  become  gold. 

7.  The  imperfect  metals  are  faid  to  confift 
of  impure  mercury,  and  imperfect  fulphur ; 
each  containing  fome  other  heterogeneous 
matter  in  it.  They  farther  aflert,  that  na¬ 
ture  fublimes  mercury  in  the  earth,  by  heat ; 
which  fublimation  is  repeated  again  and  a- 
gain,  till  every  thing  impure  and  heteroge¬ 
neous  be  carried  oft",  and  what  is  pure  left 
fix’d  behind.  This  is  the  fubitance  of  the 
doCtrine  of  the  alchemifts,  fo  much  exclaim’d 
againft  by  other  philofophers. 

We  have  added  what  relates  to  the  art  of 
tranfmuttug ;  that  i’uch  as  have  the  curiofity 
to  make  any  experiments  in  this  kind,  may 
have  fome  laws,  marks,  or  aims,  whereby 
they  may  fecurely  direct  themfelves  ;  and  that 
fuch  as  might  be  in  danger  of  being  impofed 
on  by  fraudulent  alchemifts,  may  be  furnifhed 
with  means  to  difcover  the  deceit. 

This  dottrine  of  tranfmutation  may  be  of 
fervice  to  the  beginners  in  chemiftry  ;  who, 
by  a  ftrange  fatality,  have  an  almoft  univer- 
fal  itch  after  the  philofopher’s  (tone,  and  the 
making  of  gold.  Inftances  of  vain  people, 
reduced  from  plentiful  fortunes  to  the  loweft 
beggary,  by  their  own  conceits,  or  the  empty 
pretenfions  of  defigning  alchemifts,  fall  under 
moll  people  Vobfervation. 


CORO  L- 
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COROLLA  RIES  drawn  from  the  preceding  Hijlory  ^Metals.  Corollaries  on 

1.  That  tnetals  differ  abfolutely  from  all  other  natural  or  artificial  bodies,  tion  of  metals, 
hitherto  difcovered  ;  fince  the  lighted  metal  is  more  than  double  the  weight  Weight  the 
of  the  heavieft  non-metalline  body  (tn). 

2.  They  therefore  are  greatly  miftaken,  who  expedl 
fubftance  to  make  metals  out  of  bodies  non-metalline  ; 
the  mod  difficult  of  all  operations  ;  and  weight  being  the  index  of  corporeal  tals.  * 
quantity,  it  requires  fomething  like  a  creative  power  to  increafe  it  (n). 

3.  T#ue  metals  do  not  difcover  the  intimate  affinity  of  their  matter,  by  any  Ajfnity  of 

thing  more  evidently  than  by  their  refemblance  in  point  of  weight.  metals  where- 

4.  Nothing  therefore  refembles  gold  more  nearly  than  quickfilver  ;  with  in' 
regard  to  the  matter  in  both.  For  the  other  principle,  which  gives  each  of 
them  their  particular  form,  we  do  not  here  inquire  into  it  •,  tho’  it  ffiould  hence 
appear  to  be  vadly  different. 

5.  The  other  properties  of  metals,  as  fixity,  colour,  malleability  and  dm-  -properties , 
plicity,  may  probably  be  produced,  and  changed  with  more  eafe  than  their  which  eafiejl 

Weight.  chang'd. 

6.  Gold  therefore  condds  of  a  mod  pure,  dmple  matter,  like  mercury,  dxed  Gold, of  what 
by  another  pure,  dmple,  fubtile  principle,  diffufed  thro*  its  minuted  parts,  compofed. 
and  intimately  uniting  them  to  one  another,  and  to  it  felf.-  This  the  che- 

mids  mean  when  they  fay  it  condds  of  mercury  and  fulphur. 

7.  The  other  metals  condd  of  the  fame  principles,  but  together  therewith  Impurerme- 
have  another  lighter  matter  intermixed,  which  is  different  in  the  different  tals>  °fwh*t 
metals,  and  is  called  earth.  Confequently  thefe  are  compofed  of  three  mat-  comP°Je  • 
ters  *,  to  which  in  fome  may  be  added  crude  fulphur. 

8.  The  different  metals  therefore  are  refolyable  into  different  elements,  both  Elements  of 

in  refpedf  of  nature,  and  number.  metals. 

9.  This  refolution  may  be  effected  by  means  of  mercury,  regenerating  falts,  jnaifs  Df 

or  dre  ;  but  differently  according  to  the  different  metals  (0).  them. 

10.  It  is  a.midake  therefore  to  fay,  that  metals  may  be  eadly  converted  Tranfnuta - 
into  one  another;  excepting  with  regard  to  the  mercurial  parts,  and  by  drd  tionof  metals, 
utterly  dedroying  their  form  ;  and  confequently  the  quantity  of  gold  procured 

from  any  other  metal,  by  tranfmutation,  can  only  be  in  proportion  to  the 
quantity  of  mercury  it  before  contained  (p). 


interior  °j 

,  r  r  metals. 

by  any  converhon  or  ^  ^  „ 

l  '  1  r  •  •  Difficulty  of 

nnce  condenfation  is 


[nt]  And  yet  fomo  marcafites  are  as  pon¬ 
derous  as  fome  ores,  and  fome  tin-ore  more 
ponderous  than  the  metal  it  yields. 

(«}  The  inftances  where  this  happens,  or 
feems  to  happen,  upon  mixture  or  otherwife, 
fhould  however  be  carefully  collected  and 
confidered  ;  as  in  the  m'xture  of  oil  of  vitriol 
and  water;  copper  and  tin,  iffc  f.  It  may 
be  of  pernicious  confequence  in  natural  phi- 
Iofophy,  to  draw  conclufions  not  fully  fup- 
ported  by  the  premifes  ;  and  a  very  unfafe 
way  to  draw  arguments  againd  poidbilities 


from  our  ignorance  of  fads  and  experiments. 

(0)  Perhaps  the  fhorteft  way  is  that  by 
means  of  the  burning  lens  ;  in  the  focus  where¬ 
of,  if  a  metal  be  expofed,  what  evaporates 
from  it  in  fume  might  be  catch'd  in  water  or 
other  fluids,  to  fee  if  the  fume  would  thus 
condenfe  into  mercury^. 

(/>)  The  alchemifts  pretend  by  their  opera¬ 
tions  to  heighten  the  virtue  of  the  mercurial 
matter;  or  bring  it  to  fuch  a  degree  of  fub- 
tilty  and  attivity,  as  is  no  where  found  in.  na» 
ture,  without  the  afliftance  of  art. 


f  See  Dr.  Hook's  pofthumous  works.  %  See  the  French  Memoirs ,  Mr.  Jlojle>  Pecher>  axi&Sta&l, 
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Prefers  a  live 
from  impo- 
Jiures. 


Affinity  of 
metals  n.vben 
infujion. 


1 1.  Nor  does  it  appear  that  any  befides  the  fix  above  mentioned  metals  can 
be  procured  by  art-,  how  confidently  foever  Van  Helmont  may  have  afierted 
this  of  mercury  fixed  by  the  Alkahefi. 

12.  Any  perfon  therefore  who  is  drilled  in  what  we  have  (hewn  concerning 

metals,  will  not  be  eafily  caught  with  vain  promifes,  or  falfe  appearances  •, 
fince  the  whole  tribe  of  impoftors  will  never  be  able  to  communicate  either 
the  weight  of  gold,  or  the  fixity  of  gold  and  filver,  to  any  other  bodies. 
By  thefe  two  marks  we  may  be  fecur’d  againft  all  frauds,  plaufible  reafonings, 
and  fpurious,  factitious  metals.  Add,  that  malleability  is  likewife  generally 
wanting  in  thefe  pretended  perfect  metals.  % 

13.  All  the  fix  metals  when  fufed  by  fire,  in  clean  vefiels,  have  the  fame 
appearance  and  perfectly  refemble  mercury,  both  in  refpeCt  of  colour,  denfity, 
the  fphericity  of  their  drops,  the  attraction  of  their  parts,  their  mobility,  and 
manner  of  running.  Hence  therefore  it  feems  to  follow,  that  mercury  is  a 
metal  fufed  by  the  fmaileft  fire  ;  that  tin  requires  a  greater  degree  of  fire ;  and 
that  if  the  atmofphere  were  hot  enough  to  fufe  it,  it  would  be  mercury  *,  but 
mercury  which  fmoaks  and  calls  up  a  froth  :  that  lead  would  alfo  be  mercury 
with  the  next  degree  of  heat,  but  mercury  with  certain  peculiar  properties  of 
frothing  and  penetrating  vefiels  :  fo  filver  and  gold  are  mercury,  which  require 
a  much  greater  degree  of  fire,  and  remain  immutable  therein.  Copper  again  is 
mercury  which  melts  in  a  much  intenfer  heat,  but  is  changed  withal.  Laftly, 
iron  becomes  mercury  in  a  degree  of  heat  beyond  any  of  the  reft  j  and  tho* 
changeable  thereby  (q). 


Of  S  A  L  T  S. 


Salts  called  1.  After  metals  come  falts,  by  others  called  concrete  juices,  as  being  very 
concretejuices.  fimple  and  contributing  to  the  compofition  of  femi- metals  and  other  minerals. 
Char  a  fieri-  2-  By  we  here  mean  “  a  fofiil  body  which  melts  both  in  fire  and  water 

JUc  of  falts.  “  and  is  fo  fimple  in  its  ftrudture,  that  each  particle  retains  the  fame  nature 
“  with  the  whole,  and  imprefles  a  fenfe  of  tafte  on  the  tongue  (>)’*. 

3- 


{> 1 )  This  laft  corollary  tends  to  fhevv  that 
all  the  metals  are  mercury,  and  that  common 
quickfilver  is  a  metal.  How  juftly  it  is  drawn 
from  the  premifes  deferves  to  be  examin’d. 
Perhaps  we  have  hitherto  no  tolerable  hiftory 
of  metals,  to  enable  us  to  draw  fafe  conclu- 
fions  about  their  nature.  For  notwithftanding 
the  numerous  experiments  hitherto  made  upon 
metals  by  the  alchemills,  thechemifts,  and  na¬ 
tural  philofophers ;  yet  whoever  considers  the 
fubjedb  attentively,  will  find  we  have  but  a 
very  uncertain  knowledge  of  their  refpedlive 
compofitions,  and  relations  :  fo  that  till  far¬ 
ther  enquiry  is  made,  we  can  encourage  no 
philofopher  to  attempt  the  drawing  of  confe- 
quences  j  which,  however  fpecious  they  ap¬ 
pear,  may,  if  faulty,  tend  to  lead  us  into 
error,  flop  enquiry,  cramp  our  faculties,  and 

propagate  untimely  defpair. - Let  a  full 

atfjl  judicious  hiltcry  of  fadts  be  therefore  pro¬ 


cured,  relating  to  this  difficult  and  extenfive 
fubjedt ;  which  being  duly  digelled,  ranged, 
and  compared  together,  the  true  conlequences 
will  fpontaneoufly  arife  of  themfelves  ,*  but  if 
we  attempt  to  force  them  before  the  time,  it 
will  be  no  wonder  if  they  ffiould  prove  a- 
bortive. 

(r)  After  metals,  the  next  bodies  in  order 
of  fim-plicity,  are  falts  :  the  definition  where¬ 
of  is  as  follows  : 

Salt  is  a  foffil  body ,  fufble  by  fire,  and  con- 
gelable  again  in  the  cold,  into  little  glebes,  or 
cryjlals ;  foluble  in  water,  fo  as  to  difappear 
therein,  and  imprefrng  a  fenfation  of  acrimony 
upon  the  tongue. 

Such  is  the  precife  idea  of  a  fait ;  which  a- 
grees  to  all  kinds  of  falts  ;  and  by  which  a 
ialt  is  diltinguifh’d  from  all  other  foffil,  vege¬ 
table  and  mineral  bodies. 
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3.  The  natural  bodies  belonging  to  this  clafs  are,  1.  Common  fait ,  divided  Species  of 
into  fal  gemma  or  rock-falt,  that  of  falt-fprings,  and  fea-falt.  2.  Salt-petre.  falts\ 

3.  Borax.  4.  Sal-ammoniac.  5.  Alum  ;  and  6.  the  vague  acid  of  mines. 


I.  Of  C  O  M  M  O  N  SALT. 

1.  Fofiil  or  rock-falt,  whofe  pureft  part  they  call  fal  gemmae ,  is  found  in  Rock-falt. 
pits  or  mines  in  divers  parts  of  the  earth,  very  plentifully,  and  at  great 
depths  j  and  it  is  dug  from  thence  in  all  its  perfe&ion. 

2.  Spring,  or  fountain-falt,  is  found  mixed  in  the  water,  which  bubbles  Salt  °f 
out  of  the  ground  in  divers  places  ;  and  which  when  purified  and  infpifiated 
nearly  refembles  fea-falt. 

3.  Sea-falt  is  diffufed  thro*  all  the  waters  of  the  ocean,  and  from  thence  Sea  fait. 
may  be  feparated,  and  reduced  to  cryftals,  merely  by  exhalation  and  purifi¬ 
cation  (s). 

4* 


Natural  hijiory  of  rock-falt. 

(j)  Sal-gemma. ’,  popularly  called  rock-falt , 
is  dug  out  of  mountains,  and  broke  into  glebes 
or  lumps.  The  fineft  in  Europe  is  in  a  moun¬ 
tain  of  Catalonia ,  not  far  from  Barcelona', 
but  there  is  fcarce  any  part  of  the  earth  with¬ 
out  it  :  in  Boland,  Rujfia,  Sec.  there  are  feve- 
ral  mountains  thereof. 

This  fait  appears  to  have  been  unknown  to 
the  ancients.  Pliny,  indeed,  gives  us  fome 
Curious  things  about  falts  j  if  we  could  believe 
them  as  true  as  they  are  pretty. 

The  falt-mines  in  the  village  Wilizca,  five 
leagues  from  Cracouo,  were  firft  difcover’d  in 
1251  ;  their  depth,  and  capacity,  are  fur- 
prizing:  within  them  is  found  a  kind  of  fub- 
terraneous  republic,  which  has  its  polity,  laws, 
families,  and  even  high-ways,  and  common 
carriers ;  horfes  and  other  cattle  being  kept 
here  to  draw  the  fait  to  the  mouth  of  the 
quarry,  where  it  is  taken  up  by  engines. 
Thefe  horfes,  when  once  they  are  down,  never 
fee  the  day-light  more ;  but  the  men  take 
frequent  occafions  of  breathing  the  village  air. 
When  a  traveller  is  arriv’d  at  the  bottom  of 
this  ftrange  abyfs,  where  fo  many  people  are 
interr’d  alive,  and  where  fo  many  are  even 
born,  and  have  never  ftirr’d  out,  he  is  fur- 
prized  with  a  long  feries  of  lofty  vaults,  fuf- 
tain’d  by  huge  pilafters  cut  with  the  chiffel ; 
and  which  being  themfelves  rock-falt,  appear 
by  the  light  of  flambeaux,  (which  are  incef- 
fantly  burning,)  as  fo  many  cryftals,  or.gems 
of  various  colours,  calling  a  luftre  which  the 
eye  can  fcarce  bear. 

Thefe  rocks  of  fait  are  hewn  in  form  of  very 
large  cylinders ;  the  workmen  ufing  hammers 
and  chiflels,  as  in  our  ftone-quarries.  As  foon 
as  the  maffive  pieces  are  got  out  of  the  quarry, 
they  break  them  into  fragments  fit  to  be  thrown 


into  the  mill,  where  they  are  ground  into  a 
coarfe  flower. 

Here  are  two  kinds  of  fal  gemmae ,  the  one 
harder  and  more  tranfparent,  which  appears 
to  be  the  more  perfectly  cryllallized.  This 
is  the  proper  fal  gemma:,  and  is  frequently 
cut  like  cryftal,  and  form’d  into  toys,  chap¬ 
lets,  little  vafes,  &c.  The  other  is  lefs  corn- 
pad,  and  only  fit  for  kitchen  ufes.  One  of 
the  chief  wonders  of  the  place  is,  that  thro’ 
thefe  mountains  of  fa'lt,  and  along  the  very 
middle  of  the  mine,  there  runs  a  rivulet  of 
frefli  water,  fufficient  to  fupply  the  inha¬ 
bitants. 

In  the  falt-mines  of  the  Upper  Hungary , 
and  the  mountains  of  Cardonna  in  Catalonia, 
the  falt-ftone  is  found  of  various  colours  ;  as 
white,  red,  blue,  green,  brilliant,  &c. 

Natural  hijiory  of  fpring-falt. 

The  fait  extrafted  from  brackilh  fprings, 
feems  either  to  arife  from  the  fait  water  of 
the  fea,  receiv’d  thro’  fubterraneous  cavities, 
and  depofited  there  ;  or  from  fome  mineral,  or 
gem  fait,  lodg’d  in  the  ftrata  of  fome  neigh¬ 
bouring  mountains,  walh’d  down  by  fome  ri¬ 
vulet  of  water,  and  gather’d  here.  The  way 
of  preparing  it,  is  thus : 

Near  the  fpring  is  built  a  faltern,  or  boiling 
houfe,  furnilhed  with  feveral  large  flat  pans, 
with  each  its  grate  and  furnace.  Into  thefe 
the  brine  is  convey’d  by  pipes,  the  fire  kin¬ 
dled,  and  in  two  hours  time  the  liquor  begins 
to  granulate,  which  is  known  by  a  thin  (kin 
rifing  at  the  top,  which  they  fkim  off  into 
brine  tubs.  The  fand,  which  the  water  yields 
pretty  plentifully,  is  by  the  violence  of  the 
boiling  call  to  the  fides ;  where  they  lade  it 
out  into  veflels  for  that  purpofe.  Both  this 
fand  and  the  feum  contain  fait,  which  they 
extrail  by  a  future  operation, 
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4.  Thefe  three  fpecies  tho?  different  in  their  origin,  are  all  of  the  fame  na¬ 
ture  :  1.  they  all-  diflblve  with  the  fame  quantity  of  water,  viz.  three  and' 
a  quarter  of  their  own  weight  j  2.  refolve  fpontaneoufty  in  the  air  y 
3.  produce  cryftals  much  alike,  viz ,  cubical,  pyramidal,  or  parallelopipe- 
dal,  by  a  quicker  or  a  flower  operation ;  4.  if  added  to  aqua  forth ,  they 
enable  it  to  diffolve  gold  ;  5.  by  diftillation  they  yield  an  acid  fpirit  of 


The  fand  being  removed,  they  fhut  up  the 
vent-holes  and  door,  and  let  the  fire  go  out; 
and  in  twelve  hours  time  the  fait  is  precipi¬ 
tated  to  the  bottom,  where  it  grows  hard  ; 
a  liquor  called  bittern  remaining  at  top;  which 
being  boil’d  over  again  yields  more  fait. 

To  make  the  fait  precipitate  more  readily, 
they  frequently  ufe  beef-fuet  and  wine-lees, 
of  each  an  equal  quantity  ;  melting  them  to¬ 
gether,  and  putting  an  ounce  of  the  mixture 
on  the  end  of  the  luce,  and  turning  it  round  in 
the  liquor  till  it  be  all  diflolv’d  :  then,  after 
two  hours  at  moft,  opening  the  vent-holes, 
Lfc.  and  quickening  the  fire,  they  lade  away 
the  liquor  ;  and  find  the  fait  lying  at  the 
bottom. 

Laftly,  taking  it  out,,  they  put  it  into  cribs, 
like  hay  racks ;.  where,  after  eight  hours 
draining,  it  is  found  a  hard  granulated  fait: 
yet  it  continues  dripping  a  fortnight  longer ; 
and,  unlefs  it  be  frequently  ftirrrd,  becomes 
rocky. 

Natural  hijlory  of  fea-falt. 

Sea-falt  is  thus  called  becaufeextrafted  from 
fea- water  ;.  being  in  every  part  of  the  ocean, 
and  in  every  gulph  communicating  therewith : 
but  in  lakes,  or  other  ftagnant  waters  it  is 
fcarce  found  at  all.  ’Tis  this  faltnefs  of  the 
ocean  that  prevents  its  growing  fetid,  and  pu- 
trifying  by  the  heat  of  the  fun  ;  and  yet,.net- 
withftanding  all  its  faltnefs,  the  frefhelt  fifties 
live  and  incr'eafe  therein.  It  is  found  in  great- 
eft  abundance  where  the  fun’s  heat  is  the 
moll  intenfe;  and  the  leaft  in.  the  coldefl 
regions. 

This  fea-water  being  boil’d,  ficum’d,  raid 
evaporated  to  the  confiftence  of  a  brine,  (which 
is  prov’d  by  a  new-laid  egg’s  fwimming  thereT 
in)  is  left  to  fettle  ;  when  the  fait  falls  to  the 
bottom,  and  fhoots  to  the  fides  in  cryffals  of 
a  cubical  figure. 

A  large  quantity  of  fea-falt  is  made  along 
the  coafts  of  France.  There  are  two.  kinds  or 
it  ;  the  one  requiring,  the  fun’s  heat  to  bring 
it  to  a  confidence,  and  called,  from  its  brown 
colour,  lay- fait ;  the  other  receiving  its  con¬ 
fiftence  from  the  heat  of  a  fire,  called  white 
fait :  either  the  one  or  the  other  method  is 
praftifed,  according  to  the  difpoiition  of  the 
coafts  where  ’tis  made.  If  they  rife  in  downs, 
or  banks  of  fand,  the  fait  is  made  by  fire,  in 


copper  or  leaden  veflels ;  if  the  bottom  be 
clayey,  the  fait  is  made  wholly  by  the  aftion 
of  the  fun.  The  method  of  proceeding  in 
each  is  as  follows. 

The  making  of  bay-falt. 

1.  For  bay-falt.  Low  marfhy  grounds, 
difpofed  by  nature  for  the  reception  of  the 
fea-water,  when  the  tide  fwells,  and  provided 
with  banks  and  lluices  to  retain  the  fame, 
they  call  falt-marfhes.  Thefe  falt-marlhes, 
the  bottoms  whereof  they  ram  with  great 
care,  are  divided  into  fquare  pits  or  bafons, 
feparated  by  little  dikes  ;  and  into  thefe  ba¬ 
fons,  when  the  feafon  is  at  hand,  they  let  in 
the  fea-water.  The  falt-feafon  is  from  the 
middle  of  May  to  the  end  of  Auguji.  The 
water  is  admitted  to  the  height  of  about 
fix  inches ;  after  having  firft  let  it  reft,  expofed 
to  the  fun  for  two  or  three  days  in  large  re- 
fervoirs,  without  the  works,  that  it  may  come 
in  lukewarm.  The  water  being  admitted, 
the  fluices  are  (hut,  and  the  reft  of  the  work, 
is  left  to  wind  and  fun.  The  furface  of  the 
water  being  ftruck,  and  agitated  with  the  dL 
reft  rays  of  that  luminary,  thickens,  at  firft: 
imperceptibly  ;  and  becomes  at  length  cover’d 
over  with  a  flight  cruft  ;  which  continuing  to 
harden,  is  wholly  converted  into  fait.  The 
water  in  this  ftate  is  fo  hot,  that  the  hand 
can’t  be  put  into  it  without  fealding  When 
the  fait  has  receiv’d  its  full  coftion,  they 
break  the  cruft  with  a  pole ;  upon  which  it 
finks  to  the  bottom  :  whence,,  being  dragg’d 
out  again,  they  leave  it  in  heaps  about  the- 
pit,  to  compleat  its-  drying  covering  it  over 
with  ftraw  or  rufhes,  to  fecure  it  from  the, 
rain. 

Eight,  ten,  or  at  moft  fifteen  days,  having, 
thus  compleated  the  cryftallization,  they 
open  the  fluices,  when  the  tide  rifes,  for  a 
frefh  ftock ;  and  thus,  alternately,  while  the. 
feafon  holds. 

7  he  making  of  white  fea-falt  i 

(2).  White  fea-falt.  On  the  flat  fhores  of 
Normandy,  they  gather  a  muddy  fand,  which, 
the  riling  tide  has  impregnated  with  its  wa¬ 
ters  for  feven  or  eight  days.  This  fand  being 
removed  into  pits  for  the  purpofe,  difeharges. 
itfelf  by  degrees  of  all  its  water  ;  which  fil¬ 
trates  thro’  fome  ftraw,  wherewith  the  bot? 
tom  of  the  pit  is  fill'd  ;  and  trickles  into  vef- 
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the  fame  kind  ;  6.  when  diflolved  in  moiftair,  they  depofite,a  great  quantity 
of  earth,  and  leave  an  un&uous,  fharp,  auftere  liquor  behind  •,  7  they  all  crackle 
in  the  fire  j  but  melt  by  a  ftronger  degree  thereof ;  8.  remain  long  fixed  therein ; 
9.  nor  when  pure  and  unmix’d  are  they  at  laft  changed  ;  nor  do  they  thus 
yield  a  fpirit,  but  only  a  little  water.  10.  Laftly,  they  afford  no  a-lcali ;  nor 
are  altered  by  putrefaction. 


2,0/NITR  e. 


1.  Modern  nitre,  or  falt-petre,  which  forms  prifmaticcryftals,  of  eight  tides,  Salt-petre. 
is  a  fort  offemi-foffil,  procured  from  an  acrimonious  nitrous  earth  ;  it  is  fufible 

by  a  moderate  fire,  evaporates  its  water  with  difficulty,  is  confiderably  £xed  : 
when  fufed  with  any  inflammable  matter,  it  deflagrates  ;  and  diffolves  in  fix 
times  and  one  third  of  its  own  weight  of  water  (/). 

2.  This  nitrous  difpofition  of  earth  and  ftones,  owes  its  origin  tothe'ex-  Origin  of  it* 
crements  of  animals,  and  the  putrefied  carcaffes  thereof,  efpecially  fuch  as 

do  not  ufe  fea-falt,  particularly  birds  ;  with  the  acceflion  cf  the  natural  tm- 
wafh’d  affies  of  burnt  vegetables,  and  quicklime.  The  fait  thus  prepared, 
being  diluted  with  a  large  quantity  of  water,  and  ftrained  thro’  fand,  ffioots 
into  thefe  o&ogonal  cryflals.  According  to  Hoffman  («),  nitre  is  generated 
of  a  fat  alcaline  earth,  and  air  (x). 
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fels  fet  on  purpofe  to  receive  it.  This  water 
they  ladle  oat  into  leaden  boilers,  with  fires 
-under  them.  As  foon  as  it  begins  to  boil, 
they  take  off  the  fkin,  which  rifes  in  great 
quantity  ;  and  in  proportion,  as  it  diminifhes, 
throw  in  more  water,  which  they  continue  to 
ft.im  as  before.  When  it  thickens,  they  keep 
jt  continually  Aiming  j  and  when  the  grain 
is  form’d,  take  it  off  the  fire.  This  done,  it 
is  put  into  large  ozier-balkets ;  where  it  Hands 
fome  time  to  purify,  and  drain  itfelf  of  its  re¬ 
maining  humidity :  when  dry,  it  is  laid  on 
heaps,  and  thence  carried  to  the  magazines. 

They  have  alfo  a  method  of  refining  bay- 
falt  into  white- fait,  by  boiling  it  in  large  flat 
caldrons ;  which  not  only  leffens  its  acri¬ 
mony,  and  alters  its  colour,  but  is  alfo  found 
to  increafe  the  quantity. 

Thefe  three  falts  fcarce  differ  in  any  thing, 
but  the  place  they  are  found  in  ;  unlefs  per¬ 
haps  in  the  degree  of  purity  and  drynefs. 
They  have  the  fame  effeCls  on  gold,  which  is 
not  diffolvable  by  any  other  fait  without 
them.  They  have  the  fame  effeCts  likewife  in 
the  making  of  fpirit  of  fait,  in  fertilizing 
barren  grounds,  in  feafoning,  pickling,  and 
other  culinary  ufes  ;  and  their  tafte  is  the 
fame.  In  reality,  it  feems  probable  that  they 
are  one  and  the  fame  fait  i  and  that  fea-falt 
has  its  rife  from  fal  gemm<e. 

Thefe  are  perfed  falts ,  being  of  all  others 
the  molt  .fixed,  and  immutable,  both  in  the 


fire,  and  the  human  body :  falt-petre  lofes  its 
nature  in  the  body  ;  fal-ammoniac,  borax,  &c. 
Ihevv  no  figns  of  themfelves  in  the  urine  ;  but 
fea-falt  may  be  always  extracted  from  it ;  fo 
that  this  mull  be  allow’d  an  exceedingly  Ample 
aftd  unchangeable  body. 

The  virtues  and  ufes  of  common  fait. 

Its  power  of  preferving  animal  fubflances 
uncorrupted  is  generally  known  ;  and  for  the 
fame  purpofe  it  is  alfo  ufed  by  chemifts  to 
keep  vegetables  from  putrefying  in  long  di- 
gelhons.  PhyAcians  attribute  fimilar  virtues 
to  it  in  the  body  ;  viz.  checking  the  fermen¬ 
tation,  and  preventing  any  tendency  to  pu¬ 
trefaction  of  the  aliment  in  the  ftomach.  They 
likewife  allow  that  it  carries  its  virtues  into 
the  blood  and  veffels ;  fo  as  moderately  to 
dry,  warm,  deterge,  attenuate,  ftimulate,  and 
prevent  corruption  of  the  folids  and  fluids. 

(/)  Salt-petre,  or  nitre,  is  known  by  thefe 
characters.  1 .  Its  cryftals  are  of  a  prifmatic 
figure,  with  hexagonal  bafes.  2.  It  diffolves 
by  fire  more  readily  than  any  other  fait.  3.  It 
is  the  coldeft  of  all  falts,  and  affeCts  the  tongue 
much  like  ice.;  having  a  peculiar  pungency. 
4.  It  is  the  bafis  of  aqua  fortis,  and  diffolves 
ftlver. 

(«)  Hojfm.  de  Aq.  Min.  Tom.  II.  p.  \2.  The 
author  here  quoted  fays,  that  nitre  is  not  a 
foffil  or  mineral  fait,  but  properly  belongs  to 
the  vegetable  kingdom,  and  the  atmofphere  ; 
whence  it  comes  to  be  lodg’d  in  a  fat  alcaline 
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Borax. 
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3.  of  b  o  R  A  x. 

Borax,  or  Chryfocolla ,  which  is  of  various  figures,  requires  a  large  quantity 
of  boiling  water,  viz.  20  times  its  weight,  to  diffolve  it  •,  its  tafte  is 

fomewhat 


earth,  as  a  proper  receptacle ;  and  that  it 
may  be  extracted  from  the  air,  by  expofing 
quick-lime,  pot-afh,  or  any  alcaline  fait  or 
earth  thereto,  in  a  place  well  defended  from 
the  fun  and  rain  *. 

Natural  hijlory  of  nitre. 

( x )  It  is  controverted  among  naturalifts, 
whether  falt-petre  be  a  foffil,  or  an  animal 
fait  ;  fome  holding  it  producible  from  the 
mere  excrement  of  animals.  But  it  is  more 
juft  to  fay,  that  it  is  produced  from  thofe  ex¬ 
crements  intermix’d  with  the  alcaline  falts  of 
vegetables,  or  alcaline  earths,  which  feem  to 
ccnftitute  it  a  fait  of  a  middle  kind  between 
foffil  and  animal. 

M.  Homherg  obferves,  that  all  the  falt-petre 
we  now  have,  is  either  obtain’d  from  earths 
moiften’d,  and  manur’d  with  the  excrements 
Of  animals  ;  or  from  old  walls,  and  the  plai¬ 
ner  of  ruin’d  buildings,  impregnated  with  the 
excrementitious  effluvia  of  the  animals  that 
inhabited  them. 

Salt  Pctre  is  found  in  feveral  places  in  the 
kingdom  of  Perfia ,  &c.  particularly  about 
Agra,  in  villages  anciently  populous,  but  now 
defert.  ’Tis  alfo  found  in  fome  places  about 
the  river  Wolga. 

The  glebe,  or  earth,  from  which  it  is  pro¬ 
cured,  is  of  three  different  kinds  ;  black,  yel¬ 
low,  and  white  :  the  method  of  procuring  it 
is  thus.  Two  fhallovv  pits  are  dug,  one  of 
which  they  fill  up  with  the  mineral  earth  ; 
turning  water  upon  it  for  fome  time,  and 
then  treading  it  with  their  feet  into  the  con¬ 
fidence  of  a  pap ;  and  letting  it  ftand  two  or 
three  days  for  the  water  to  imbibe,  and  ex¬ 
tract  all  the  fait.  They  then  fliift  the  water 
into  another  pit ;  where,  ftanding  fome  time, 
it  fhoots,  and  cryftallizes  into  rough  falt- 
petre. 

It  is  alfo  made  in  France,  particularly  in 
the  arfenal  at  Paris,  where  there  is  a  corpo- 
.  ration  of  falt-petre  makers  appointed  for  the 
purpofe.  The  materials  are  chiefly  collected 
from  old  buildings,  ruins,  plaifter,  dove-houfes, 
fables,  &c. 

Thefe  materials,  or  any  proper  earth,  be¬ 
ing  found  by  the  tafte,  or  otherwife,  to  contain 
nitre;  they  firft  grind  them  to  powder,  if 
they  are  hard,  and  then  putting  it  into  vats. 


they  pour  cold  or  hot  water  thereon,  and  ftir 
the  mafs,  afterwards  differing  the  whole  to 
reft,  till  the  water  has  faturated  itfelf  with 
the  fait;  then  they  draw  it  off  by  a  tap  into 
another  veffel,  and  pour  frelh  water  upon  the 
remainder ;  repeating  the  operation  till  no 
more  fait  can  be  extracted.  Sometimes  inftead 
of  water  they  ufe  a  lixivium  of  wood-alhes  or 
pot-alh,  when  they  fufpedt  the  nitre  inclin’d 
to  volatility,  or  indifpofed  to  affume  a  body. 
The  feveral  liquors,  thus  obtain’d,  they  boil 
to  a  due  confifience,  or  ftrength  ;  with  care 
to  fkim  it  all  the  while ;  then  they  run  it 
warm  into  other  veffels,  and  let  it  ftand  till 
perfe&ly  cold ;  by  which  means  the  fea-falt 
ihoots,  and  feparates  from  the  nitrous  dilu¬ 
tion,  and  falls  to  the  bottom  in  fmall  grains. 
And  now  the  nitrous  liquor  being  drawn  off, 
they  differ  it  to  fhoot  into  its  own  cryftals  in 
the  cold.  After  thefe  are  all  Ihot,  they  draw 
off  the  liquor,  and  boil  it  again  ;  then  differ 
it  to  fhoot  as  before,  and  repeat  this  procefs 
till  it  will  fhoot  no  longer.  The  liquor  thus 
left  behind  is  undtuous  to  the  touch,  acrid, 
and  bitter.  ’Tis  called  mother,  or  the  mo¬ 
ther  liquor  of  nitre-,  becaufe  being  fprinkled 
upon  proper  earth,  it  difpofes  it  to  generate 
frelh  nitre.  And  thus  rough  nitre  is  procu¬ 
rable  by  art ;  and  might  be  advantageoufly 
made  in  fome  countries,  by  a  proper  contri¬ 
vance,  in  the  way  of  an  artificial  mineral- 
work. 

The  manner  of  procuring  falt-petre  in  the  Eaf. 

This  fait  fom.etimes  offers  itfelf  fponta- 
neoufly,  in  the  form  of  an  efllorefcence,  upon 
old  walls,  or  buildings  not  much  expofed  to 
the  fun  and  rain  ;  and  may  thus  be  readily 
fwept  off,  and  purified  for  ufe.  And  much 
after  the  fame  manner  it  is  found  upon  the 
ground,  in  fome  of  the  eafern  parts  cf  the 
world,  abounding  with  woods  ftanding  upon  a 
declivity  ;  where  the  leaves,  and  refufe  vege¬ 
table  matters,  corrupting  upon  thefurface  of  the 
earth,  feem  to  generate  nitre  ;  which  being 
wafh’d  down  the  declivity  by  the  rains,  and 
the  moifture  afterwards  foak’d  into  the  ground, 
or  dried  up  by  the  fun,  leaves  the  fait  behind 
in  fmall  dirty  grains,  or  dulky  fpangles,  that 
are  eafily  fwept  together  in  heaps  f . 


*  See  Nec w  Experiments  and  Obfervations  upon  "Mineral  Waters,  p.  45. 

'f-  See  M.  Lemery  upon  the  Subjell.  Mem,  de  P Acad,  an,  1717.  p.  39,  and  156.. 
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fomewhat  bitterifh,  which  however  fweetens  at  going  off ;  it  eafily  fufes. by- 
fire,  and  at  the  fame  time  rifes  into  a  large  blifter,  and  thus  lets  go  a  c<?n- 
fiderable  quantity  of  water  ;  the  remainder  fubfides  in  form  of  fair  glafs.  It 
is  a  great  promoter  of  the  fufion  of  other  bodies  mixed  with  it,  and  thus  be¬ 
comes  of  ufe  in  the  foldering  of  metals,  efpecially  gold  (y ). 

4* 


Hovo  refined. 

The  way  of  refining  this  fait  is  only  to  boil 
it  in  frefh  water,  fkim  it,  and  pafs  it  through 
flannel,  and  fufFer  the  liquor  to  fhoot  flowly  ; 
repeating  the  operation  feveral  times,  if  the 
nitre  be  required  perfectly  fine,  and  clear  of 
common  fait.  There  is  a  lofs  upon  the  refi¬ 
ning;  for  earthy  matter,  and  mother  ap¬ 
pear  to  be  depofited  every  time.  It  is  known 
to  be  pure,  when  it  will  not  crackle  if  thrown 
into  the  fire,  but  yields  a  vivid  flame,  and  a 
flrong  detonation  upon  live  charcoal,  without 
leaving  much  fix’d  matter  behind.  When  pu¬ 
rified  nitre  is  melted,  and  poured  into  a  pro¬ 
per  veflel,  it  concretes  into  a  folid  mafs,  and 
is  call’d  rock  nitre  :  And  this  is  all  the  pre¬ 
paration  it  requires  for  the  finer  ufes. 

Its  •virtues  and  ufes. 

Nitre  has,  in  fome  meafure,  the  fame  vir¬ 
tues  and  ufes  with  common  fait,  as  to  prefer- 
ving  or  preventing  corruption,  though  not  fo 
ftrongly.  Its  peculiar  ufe  in  making  gun¬ 
powder,  and  entring  the  compofition  of  fire¬ 
works,  is  well  known  Phyficians  efteem  it 
cooling,  quenching,  and  proper  in  burning 
fevers.  It  is  ufed  in  making  the  white  glafs, 
and  as  a  flux  to  ores.  Its  ufes  in  chemiftry 
and  medicine  will  be  lhewn  hereafter  in  the 
practical  part  of  this  work. 

Natural  hiflory  of  borax. 

(y )  The  ancient  borax  appears  to  have  been 
a  kind  of  verdigreafe,  or  at  leaft  a  different 
thing  from  the  modern  borax  ;  as  we  may 
find  upon  comparing  the  accounts  given  of  it 
by  Pliny ,  Diofcorides,  and  Galen.  Pliny  fpeaks 
of  borax  at  large  in  his  Nat.  Hift.  L.  xxxiii. 
c  5.  He  divides  borax  into  native  and  fac¬ 
titious  :  the  native,  according  to  him,  is  a 
kind  of  muddy  juice,  running  in  gold,  filver, 
and  copper,  and  even  lead-mines;  which  be¬ 
ing  congeal’d  and  harden’d  by  the  winter’s 
cold,  arrives  at  the  confidence  of  a  pumice. 
As  to  the  artificial,  he  fays,  it  is  made  by 
pouring  water  into  the  vein  of  a  mine  all  the 
winter  long,  till  June ;  and  then  leaving  it 
to  dry,  and  harden  for  three  months ;  fo  that 
the  borax  of  Pliny  fhould  be  no  more  than 
the  mineral  corrupted.  He  adds,  that  the 
borax  becomes  yellow,  white,  green,  or  black, 
according  to  the  mine  it  is  found  in. 

The  moderns  alfo  have  two  kinds  of  borax, 
tho’  they  differ  only  as  being  refined,  or  un¬ 


refin’d.  The  rough,  or  unrefin’d  borax  goes 
by  the  name  of  tincar  and  tincal,  an  Arabic 
term,  fignifying  a  fpecies  of  fait  that  ferves 
to  folder  gold  ;  thus  correfponding  to  the 
chryfocolla  of  the  Greeks .  It  is  brought  to  us 
in  fmall  lumps,  or  thick  prifmatic  cryftals, 
of  a  dark  green  colour,  foul,  earthy,  nndiuous, 
and  having  a  particular  rank  fmell.  It  is 
pack’d  up  in  large  fkins,  like  drefs’d  hides, 
or  thick  parchment,  called  duppers.  ’Tis  found 
in  feveral  parts  of  Perfia,  and  the  empire  of 
the  Great  Mogul’,  where,  in  feveral  mines, 
but  particularly  thofe  of  copper,  there  runs 
a  faline  turbid  water  of  a  greyifh  colour,  which 
they  carefully  coiled!  and  evaporate  to  a  pro¬ 
per  confidence  for  forming  into  a  pafie  with 
the  flime  or  mud  of  the  ltreams  wherein  it 
flows  ;  and  then  mixing  it  up  with  animal 
fat,  or  any  greafy  matter,  they  bury  it  in 
pits  dug  in  the  earth ;  and  leave  it  in  this 
date  for  feveral  months  to  acquire  a  body, 
and  grow  hard  ;  and  thus  it  feems  to  fhoot 
and  acquire  that  form  in  which  it  is  brought 
to  us. 

Ahe  refining  of  borax . 

The  Venetians  formerly  ufed  to  refine  this 
rough  borax,  and  made  a  confiderable  advan¬ 
tage  of  it,  being  then  the  only  venders ; 
whence  it  was  commonly  called  Venetian  bo¬ 
rax.  But  now  for  fome  time  this  trade  has 
been  chiefly  in  the  hands  of  the  Dutch ;  tho’ 
within  thefe  few  years  we  have  alfo  begun 
to  refine  borax  in  England.  The  manner  of 
doing  it  has  been  kept  as  a  lucrative  fecret, 
and  is  not  eafy  to  find  out  ;  the  fait  being 
of  a  very  odd  and  particular  nature,  and  re¬ 
quiring  a  particular  treatment  to  refine  it. 
The  foul  greafy  matter  is  apt  to  adhere  clofely 
with  it,  fo  as  almolt  to  enter  its  compofi¬ 
tion  ;  and  contrary  to  the  nature  of  other 
falts,  it  will  only  fhoot  in  its  proper  cryftals, 
whilft  kept  hot,  and  defended  from  the  exter¬ 
nal  air  for  feveral  days.  The  bed  man¬ 
ner  of  refining  it  is  this.  Firft,  diffolve  it, 
by  boiling  it  in  a  copper,  with  above  twenty 
times  its  weight  of  water  ;  then  cover  the 
copper,  let  the  fire  go  out  of  itfelf,  and  the 
whole  grow  perfectly  cold  ;  by  which,  means 
the  fait  will  fhoot  away  from  much  of  its  filth,, 
the  groffer  part  whereof  finks  to  the  bottom,, 
and  the  lighter  part  rifes  to  the  top.  '1  he 
fait,  now  «f  a  dirty  yellow  colour,  is  to  be 
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4.  Of  S  A  L-A  M  M  O  N  I  A  C. 

Sal  Ammo-  Sal- Ammoniac,  or  Sal-Arenarius,  generated  in  the  dry  Tandy  parts  of  the 

niacum.  fultry  defarts  of  Lybia  ;  being  probably  the  Sal  Cyrenaicum  of  the  ancients, 
Cyrenaic  fait .  found  fo  plentifully  about  the  temple  of  Ammon  \  which  from  the  marks  of  its 
goodnefs  given  by  Pliny,  appears  to  have  been  perfectly  like  the  modern 
kind  (2).  The  like  is  alfo  thrown  out  of  burning  mountains,  in  various  parts 
of  the  earth  :  that  of  mount  Vefuvius  is  reputed  the  beft  even  to  this  day. 
This  Tpecies  therefore  belongs  to  the  foflil  tribe  •,  tho*  that  now  brought  from 
Egypt  be  reputed  of  the  animal  kind. 

Origin  from  every  where  from  foot  [a). 

fact. 


’  Tis  probable  it  may  derive  its  origin 

5. 


taken  out  as  clean  as  poffible.  All  the  dirt, 
ftill  containing  much  fait,  i>  to  be  boil’d  over 
again,  and  fuffer’d  to  fhoot  in  the  fame  man¬ 
ner.  When  a  fufficient  quantity  of  this  yel¬ 
low  fait  is  obtain’d,  it  mull  again  be  boil’d 
in  fair  water,  and  fhot  a  fecond  time  ;  where¬ 
by  it  itill  becomes  purer:  but  to  make  it  per¬ 
fectly  line,  this  fecond,  or  even  the  third  fait 
is  to  be  boil’d  again,  with  the  addition  of  a 
large  proportion  of  the  lixivium  of  pot-afh, 
and  the  whites  of  eggs,  as  in  the  common  way 
of  clarifying ;  with  care  to  take  off  the  feum 
as  it  rifes,  and  to  pafs  the  hot  liquor  thro’  a 
flannel  ftrainer  ;  by  which  means  the  whole 
folution  ought  to  be  render’d  perfectly  bright, 
and  confiderably  pale  before  it  is  fet  to  be 
fhot  for  refined  borax.  It  fhoots  beft  in  a 
copper  veil'd,  clofe  cover’d  at  the  top,  fo  as 
not  to  admit  the  external  air  ;  and  fhould  be 
kept  in  this  (late,  till  perfectly  cold,  before  it 
is  open’d  ;  which,  if  the  quantity  be  large, 
will  require  five  or  fix  days.  To  obtain  the 
finer  and  larger  fhoots,  brafs  wires  may  be 
let  into  the  copper,  thro’  holes  bored  in  the 
lid,  at  the  diftance  of  two  inches  from  each 
other.  Many  curious  phenomena  arife  in 
this  procefs ;  fome  of  them,  perhaps,  of  con- 
fiderable  ufe ;  but  it  is  a  tedious  and  laborious, 
tho’  a  profitable  operation.  Scarce  any  ope¬ 
rator  fhould  expeCt  to  fucceed  in  the  refining 
of  borax,  at  the  firft  trial  ;  a  regard  is  re¬ 
quired  to  fo  many  unexpected  circum fiances. 

Borax  requires  to  be  perfectly  refined  for 
medicinal  ufe  ;  but  for  many  others,  where 
beauty  and  purity  are  not  neceffary,  the  rough 
fort  may  ferve  as  well,  and  fave  charges. 
The  precife  figure  o/its  fhoot,  when  perfectly 
refin’d,  feems  not  to  be  determin’d,  and  in¬ 
deed  requires  a  particular  experiment  for  the 
purpole  :  all  the  cryftals  obtain’d  in, the  com¬ 
mon  way,  being  imperfcCt  at  one  end. 

Its  virtues  and  ufes. 

It  is  of  excellent  ufe  in  the  bufinefs  of  fol- 

*  See  Cbem.  Lectures,  LeCt.  xx.  Exper.  iii. 


ders,  as  occafioning  metals  to  run  readily,  and 
lay  hold  of  each  other  ;  tho’  in  fome  of  thefe 
cafes,  its  place  may  be  fupplied  by  glafs,  to 
which  it  has  a  near  relation.  ’Tis  alfo  an 
admirable  flux  for  metals,  and  metallic  mi¬ 
nerals.  It  is  almolt  indifpenfably  neceffary 
in  many  arts  where  metals  are  concern’d. 
The  dyers  ufe  it  to  give  a  glofs  to  filks  ;  and 
it  might  perhaps  have  new  ufes  in  the  arts  of 
glafs,  enamelling,  and  counterfeit  gems  *. 
Phyficians  efteem  it  ftimulating,  diuretic,  and 
emmenagogic  ;  and  ufe  it  chiefly  in  female  dif- 
orders ;  particularly  to  promote  delivery,  and 
bring  away  the  fecundines.  Externally,  it  is 
a  fate  cofmetic  ;  and  preferable  to  the  dange¬ 
rous  preparations  of  lead,  mercury,  and  bif- 
muth,  for  the  purpofe  of  a  beautifyer. 

(c)  There  may  be  room  to  fufpeCt  -that  the 
text  of  Pliny  has  been  a  little  interpolated  in 
this  place,  by  fome  tranferiber,  acquainted 
with  the  fal  ammoniac  which  is  factitious  ; 
as  the  fentence  does  not  agree  well  with  the 
place,  nor  make  Pliny  confident  with  other 
ancient  writers  upon  the  fubjeCt.  But  this  be¬ 
longs  to  the  critics. 

The  natural  hijlory  of  fal-ammoniac. 

(a)  The  ancient  fal-ammoniac  appears  to 
have  been  different  from  the  modern,  if  we 
may  credit  Diofcorides,  who  reckons  it  among 
the  kinds  of  alimentary  fait,  and  deferibes  it 
as  a  hard,  tranfparent,  white,  fiifile,  mineral 
fubftance  ;  which  feems  to  make  it  the  fame 
as  our  rock-falt.  The  name  ammoniac  may 
refer  to  its  being  found  in  fand,  or  near  the 
temple  of  Jupiter  Ammon  in  Lybia ,  anciently 
much  frequented  ;  and  this  fait  was  fuppofed 
to  be  made  from  the  urine  of  camels,  &c. 
there  depofited  in  the  fands :  whether  our 
fal-ammoniac  be  thus  found  is  uncertain.  Its 
characters  are  thefe  :  (1)  It  cools  water. 

(2)  It  turns  aqua  forth  into  aqua  regia. 

(3)  It  remains  fix’d  in  a  gentle  fire,  but 
(ublimes  in  a  ltrong  one.  {4)  Its  tafte  is 
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0/  ALUM. 

t .  Alum  is  a  real  foflil, procured  either  from  a  hard,  flaky  ftone,  found  deep  Alum,  its  ori- 
under  ground,  and  pregnant  with  fulphur  and  bitumen,  fo  as  eafily  to  take  gin. 
fire  i  or  from  a  bituminous  and  combuftible  earth,  which  yields  a  noxious 
flame,  with  a  fulphureous  flench.  If  the  latter  matter  be  employed  for  this 
purpofe,  they  leave  it  a  month  expofed  to  the  open  air  j  whereby  it  crumbles 
into  powder  •,  and  thus  becomes  difpofed  for  the  generation  of  alum,  which  Generation . 
before  it  was  not.  If  the  former,  or  ftony  fubftance,  be  ufed  ;  after  firft  ex~ 
pofing  it  to  the  air,  they  calcine  it  ;  and  in  the  operation  it  yields  a  flame, 
which  fhevvs  that  it  contained  a  fulphur. 

2.  After  this  preparation  of  the  matter,  either  by  air  alone,  if  it  be  earth, 
or  by  fire  and  air,  if  it  be  fione  *,  they  diflolve  it  in  water,  and  precipitate  it, 
by  adding  to  it  a  fix*d,  cr  volatile  alcali,  which  alfo  raifes  an  eflervefcence  : 
whence  the  acid  uniting  with  the  alcali,  prevails,  and  produces  a  new  fait, 
thus  generated  from  the  air,  the  alcali  and  the  foflil  matter  together. 

f  3- 

Sal-ammoniac,  honv  made. 

It  is  made  in  the  following  manner  at  Da~ 
maier  in  the  Delta. 

For  want  of  other  fewel,  the  natives  com¬ 
monly  burn  the  dung,  of  animals,  but  efpe- 
dally  camels ;  which  they  make  up  into  a 
kind  of  turf  with  ftraw,  and  dry  it.  This, 
in  burning,  affords  a  quantity  of  foot,  which 
they  carefully  colled,  and-  preferve  for  the 
purpofe.  This  foot,  they  fprinkle  with  a  fo- 
lution  of  fait,  diffolv’d  in  camel’s  urine;  then 
charge  large  fubliming  glafies  with  it,  obfer- 
ving  not  to  fill  above  two  thirds  of  each  veffel : 
thel'e  they  fet  in  a  fubliming-furnace,  built  of 
brick  and  clay,-  fo  as  to  cover  them  as  high 
as  the  matter,  reaches then  they  make  a  fire 
underneath,  and  proceed  in  the  work  after  the 
common  method  of  fublimation  ;  whereby  a 
cake  of  fait  is  thrown  up  to  the  top  of  each 
veffel  ;•  a  blackifh  mafs  remaining  behind  at 
the  bottom.  And  hence  the  figure  of  the 
cake  correfponds  to  the  fhape  and  make  of 
the  heads  of  the  glaffes,  which  are  broke  to 
take  out  the  fait  ;  after  the  manner  pradifed 
for  the  refining,  of  camphire  in  England  and 
Holland.  It  is  purified  by  folution  in  water, 
filtration,  and  gentle  evaporation. 

Its  'virtues  and ’  uj es  ■ 

It  is  made  great  ufe  of  in  chemiftry,  as 
will  appear  hereafter;  and  in  alchemy  for  ob¬ 
taining  the  fuppofed  mercuries  of  metals.  It 
is  of  fervice  in  the  art  of  tinning,  by  making 
tin  adhere  to  iron  ;  and  of  ufe  in  foldering. 

It  is  likewife  of  great  ufe  in  dying ;  and  has 
confiderable  virtues  in  phyfic  -f\ 

*  See  the  Memoirs  of  the  Jefuits  in  the  Levant,  printed  at  Paris  in  1723.  and  M.  Lcmery’* 

Paper,  upon  the.  Origin  of  Sal-Ammoniac.  Memoir,  de  I  Acad.  an.  1 720.  p.  66.  And  Jour,  do 
frevoux.  Dec.  1717.  t  See  its  hiffory  in  the  pradical  part  of  thisworiw 


quicker  than  that-  of  fea-falt,  and  refembles 
that  of  urine. 

A  native  fal-ammoniac  is  alfo  faid  to  be 
found  in  certain  fulphur-rocks  near  Pute- 
oli  in  Italy,  and  near  the  mouths  of  feveral 
volcano’s,  or  burning  mountains.  But  we 
have  never  feen  any  true  fal-ammoniac  of  this 
kind ;  ’tis  poffible  it  may  be  thus  produced 
from  foot,  as  the  author  intimates :  but  the 
fait  brought  from  thefe  places  feems  to  be  a 
fublimation  of  common  fait,  or  faline  fumes, 
raifed  by  the  great  fires  condenfing  upon  the 
adjacent  Hones  and  rocks,  in  form  of  a  white 
efRorefcence  ;  and  being  thus  gather’d,  paffes 
under  the  name  of  fal-ammoniac,  which  it 
may  refemble ;  fo  that  experiments  fhould  be 
made  upon  it  to  determine  whether  it  be  true 
fal-ammoniac. 

It  feems  to  be  pretty  certain,  that  the  true 
fal-ammoniac,  now  in  ufe,  is  an  artificial 
thing  ;  the  principal  part  whereof  is  made  in 
Egypt  and  Syria,  and  thence  dillributed  thro’ 
Europe.  It  comes  to  us-  in  pretty  large  orbi¬ 
cular  cakes,  flat,  or  a  little  concave  on  one 
fide,  and  convex  on  the  other,  with  a  lump 
rifing  in  the  middle.  They  are  about  fix  in¬ 
ches  over,  and  two  or  three  deep  ;.  of  a  grey 
colour  on  the  out-fide,  and  fometimes  black, 
as  if  tarnifhed  with  foot ;  but  appearing  white, 
cryflaliine,  and  flreak’d,  or  ilriated,  when 
broke.  There  have  been  great  conteffs  as  to 
the  generation  of  this  fait ;  but  they  leem  to  be 
row  ended  by  the  accounts  of  the  miffionaries 
and  the  French  academicians  *. 
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3.  The  matter  thus  precipitated,  is  then  feparated  from  the  lixivium  float¬ 
ing  above  it,  diflolved  in  boiling  water,  infpiflated  in  a  leaden  veflel,  and 
now  put  into  a  calk,  and  left  to  reft  ;  by  which  means  it  yields  white  or 
reddifh  aluminous  cryftals,  of  an  odogonal  figure,  and  a  fweet  auftere  tafte, 
not  apt  to  liquify  in  the  air,  and  requiring  fourteen  times  their  weight  of 
water  to  diftolve  them. 

4.  The  acid  in  this  fait  appears  the  fame,  in  almoft  all  refpe&s,  with  the 
acid  vapour  colle&ed  from  burning  fulphur.  What  remains,  after  the  ex- 
pulfion  of  this  acid,  is  a  fasculent  matter,  which  affords  great  quantity  of  a 
light  fubtile  earth  refembling  bole.  This  being  calcined  with  three  times  its 
quantity  of  charcoal,  yields  the  Phofphorus  of  M.  Homberg:  and  thence  ap¬ 
pears  to  have  a  peculiar  difpofition  for  taking  fire  in  the  air  (b). 


6.  Of  the  V  AGUE  ACID. 


Va-ue  add.  r*  The  vague  volatile  liquid  acid,  found  perhaps  every  where  in  mines. 

This  mixing  with  fofiil  oil,  Petreol ,  Oleum  terra ,  or  the  like,  probably  con- 
Forms various  ftitutes  the  various  forts  of  native  foflil,  tranfparent  fulphurs,  denominated 
fojjils.  Viva uniting  with  femi- metals  it  forms  cinnabar,  antimony,  and  other  foffils 

both  folid  and  fluid:  uniting  with  metals,  it  forms  divers  kinds  of  vitriols: 
with  calcarious  earths  different  alums  :  and  laftly  with  pyrites,  which  is  the 
matrix  of  vitriol,  calcin’d  in  a  wood  fire,  it  produces  common  fulphur. 

Affinity  with  2.  May  not  this  be  held  much  of  the  fame  nature  with  that  acid  which 
fume  'of  ful-  burning  fulphur  diffufes  from  its  blue  flame,  fo  fuffocating  and  fatal  to  all 
/w.  animals?  ’Tis  certain  the  analyfis  feems  to  indicate  as  much.  And  hence 

this  may  probably  be  looked  upon  as  a  male  fait,  and  ferving  to  impregnate 
the  female  falts  and  earths  (c). 


Natural  hijlory  of  alum. 

(h)  Alum  is  diftinguifh’d  into  natural  and 
factitious :  the  natural  is  rare ;  all  that  we 
commonly  ufe  is  artificial,  which  differs  only 
according  to  the  places  where  it  is  made. 
Alum  has  a  fharp  rough  ilyptic  talte,  its  cry¬ 
ftals  are  odtogonal,  four  of  the  ftdes  being 
hexagonal,  and  the  other  four  triangular  fur- 
faces.  It  eafily  melts  over  the  fire,  and  rifes 
in  blifters. 

England,  Italy,  and  Flanders,  are  the  coun¬ 
tries  where  alum  is  principally  produced.  The 
Englijh  alum  is  made  from  a  bluifh  mineral 
ftone,  almoft  like  flate,  frequent  in  the  hills 
of  Yorkjhire  and  Lancafbire.  This  ftone  they 
calcine  on  a  hearth  or  kiln ;  then  fteep  it  fuc- 
cefiively  in  feveral  pits  of  water  :  then  boil 
it  about  twenty-four  hours.  Laftly,  letting 
it  ftand  for  about  two  hours  ;  the  impurities 
fubfide,  and  leave  a  pure  liquor ;  which,  re¬ 
moved  into  a  cooler,  and  fome  urine,  or  kelp- 
liquor  added  to  it,  begins  in  three  or  four 
days,  to  gather  into  a  mafs :  which  being 
taken  out,  walk’d,  diffolv’d,  and  fhot  over 
again,  is  fit  for  ufe. 


C  O  R  O  L- 

In  the  alum -works  at  Civil  a  Vecchia,  the 
procefsisfomewhat  different,  The  ftone,  which 
is  of  a  ruddy  hue,  being  calcined,  they  boil  and 
diftolve  the  calx  in  water ;  which  imbibing 
the  alum,  feparates  it  from  the  ufelefs  earth. 
Laftly,  leaving  the  water  thus  impregnated, 
to  ftand  for  fbrne  days,  it  cryftallizes  of  it- 
felf,  and  makes  what  they  call,  rocb-alum. 

At  Solfatara,  near  Puteoli  in  Italy,  is  a  con- 
fiderable  plain,  the  foil  whereof  is  faline  ;  and 
fo  hot  that  the  hand  cannot  long  bear  it.  From 
the  furface  in  fummer-time,  there  arifes  a  fort 
of  flower,  or  faltifh  duft  ;  which  being  fwept 
up,  and  call  into  the  leaden  cifterns  of  water 
at  the  bottom  of  the  plain,  the  heat  of  the 
ground  alone  where  they  lie,  evaporates  the 
water,  and  leaves  an  alum  behind. 

Its  ufes. 

It  is  much  ufed  in  dying  ;  and  in  medi¬ 
cine  as  a  ftyptic  and  aftringent. 

( c )  There  feems  to  be  a  certain  vague  fait , 
or  acid,  diffufed  in  all  parts  of  the  earth  i 
which,  when  alone,  is  volatile  ;  but  when  it 
has  a  body,  or  proper  fubjedl  to  adhere  in 
becomes  fixed.  The  idea  of  this  fait  we  are 
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COROLLARY. 

Hence  it  follows,  that  in  the  formation  of  foffil  falts,  nature  feems  to  Principles  of 
ufe  three  kinds  of  acids  (d)  ;  viz-.  1.  Spirit  of  fait ;  2.  Spirit  of  nitre,  both 
pretty  copioufly  ;  and  3.  Spirit  of  fulphur,  more  fparingly  ;  and  befides 
thefe,  water  and  earth  (e). 


Of  SULPHURS. 

r.  The  third  clafs  of  fo fills  confilts  chiefly  of  fulphurs  :  under  which  fome 
other  bodies  are  rank’d. 

“  2.  Sulphur  is  a  foffil- body,  which  is  hard  when  cold,  and  eafily  re-  character- of 
<c  ducible  to  powder;  but  melts  by  a  moderate  heat  like  wax;  may  b z  fulphur.  *  J 

totally  fublimed  by  fire  in  a  clofe  veflel,  without  alteration  ;  when  in  a 
tc  ftate  offufion  by  fire,  if  the  air  be  admitted,  it  burns,  and  flies  totally  off, 

“  yielding  a  blue  flame,  and  a  volatile  vapour,  noxious  to  animals. 

3.  Sulphur  is  fometimes,  tho*  rarely,  and  only  in  fmall  quantities,  procured  species  of /ul-- 
native  from  the  earth  ;  when  it  is  either  found  tranfparent,  and  yellow  like.  Mar. 
amber  ;  or  tranfparent  and  red  like  the  ruby,  and  then  called  golden  fulphur  ; 

or 


at  a  lofs  how  to  convey,  otherwife  than  by 
its  effects  ;  it  feems  to  come  neareff  the  na¬ 
ture  of  fpirit  of  fulphur  per  campannm  ;  and 
is  difcover’d  in  all- fulphur,  in  all  vitriol,  in 
all  alum,  in  all  nitre,  in  all  foffil  coals,  &c. 
This  fame  acid  is,  perhaps,  that  pernicious 
fume,  or  damp  found  in  mines,  and  the  fmoke 
which  flies  from  bituminous  turf,  (tfc. 

This  we  look  upon  as  an  indeterminate 
principle,  diftributed  thro’  every  part  of  the 
globe,  both  infide  and  out.  ’ Tis  this  acid 
that  diffo'.ves  iron  and  copper  near  fome  hot 
baths;  this,  that  meeting  with  foffil  or  rock- 
oil,  coagulates  and  converts  it  into  lulphur  ; 
this,  that  being  received  into  the  earthy  part 
of  the  alum,  or  the  lapis  calcarius,  converts 
it  into  alum:  this,  in  fine,  that,  infinuating 
into  the  fubftance  cf  iron,  produces  green  vi¬ 
triol  ;  or  into  that  of  copper,  blue  vitriol , 
8tc. 

The  doftrine  here  deliver’d  of  a  vague  acid, 
may  feenva  little  hypothetical,  till  the  adlual 
feparate  exiffence  of  fiuch  an  acid  be  (hewn  ; 
of  which  we  do  not  know  any  clear  inflances. 
The  argument  for  it  ftands  thus  ;  we  find  fe- 
veral  mineral  bodies  that  afford  acids  upon 
their  analyfis ;  or  appear  to  contain  acids ; 
and  therefore  nature  makes  ufe  of  thefe  acids 
in  the  compofition  of  fuch  mineral  bodies  : 
but  to  render  this  argument  conclufive,  the. 
acids  Ihould  be  fhewn  to  exifl  in  the  earth, 
and  inflances  be  produced  of  nature’s  working 
in  this  manner,  with  the  feveral  Heps  of  the 
procefs :  but  inftead  of  this  direct  proof,  we 

*  Horn  berg .  Mem.  de  1'  Acad.  R.  an.  1 702. 


only  find  a  prejudg’d  theory  in  authors,  fup- 
ported  by  probable  reafonings,  and  a  plauii- 
ble  folution  of  phaenomena,  which  may  be 
no  more  than  a  bare  accommodation  to  the 
mind. 

(d)  It  would  add  a  kind  of  confirmation  to 
this  corollary,  if  it  could  be  fhewn  that  thefe 
three  acids  are  to  be  found  feparately  exifting 
under  any  of  thofe  forms  in  which  we  obtain 
them  by  art.  Where  do  we  find  any  truly 
acid  waters,  liquors,  or  fumes,  either  in  mines, 
or  out  of  them  ? 

( e )  Foffil  falts  left  to  (hoot,  or  cryftallize-, 
afi’ume  certain  figures,  which  are  ufually  at¬ 
tributed  to  them  as  their  proper  figures ;  tho’’ 
fometimes  fuppofed  to  be  the  figures  of  theacids 
of  thofe  fame  ialts.  Thefe  figures  are,  in  fea- 
fait,  cubes ;  in  fal-gem,  parallelopipeds  ;  in  falt- 
petre,  a  fort  of  needle  form  5  in  alum,  trian¬ 
gles,  with  the  points  blunted  ;  in  borax, . 
flatted  ovals ;  in  fal  ammoniac,  branchy  nee¬ 
dles,  &c.  Yet  upon  examining  the  configu¬ 
ration  of  thefe  falts,  it  will  appear,  that  luch 
figures  do  by  no  means  belong  either  to  the 
falts,  or  the  acids  procurable  from  them ;  but 
rather  to  the  alcalies,  whereby  they  are  di(- 
folv’d,  and  which  ferve.  them  as  bales.  And 
hence  the  fame  acid  afiumes  different  figures, 
according  to  the  different  rdcalies  it  L  fatu- 
rated  with  before  cryftallization.  Thus,  fpi¬ 
rit  of  nitre,  after  diffolving  copper,  fhoots 
into  hexagons;  after  diffolving  iron,  into  irre¬ 
gular  fquares  ;  after  diffolving  filver,  into? 
triangular,  dented  plates,  &c  *, 
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or  not  tranfparent,  which  laft  again  is  either  yellow,  afh-colour’d,  or  mixed 
of  divers  colours,  and  called  Sulphur  vivum,  or  virgin-fulphur.  But  all  that 
Common, fac-  fold  in  the  fhops  throughout  Europe ,  is  fa&itious  ;  being  obtained  by  art  from 
uttous.  the  pyrites,  wherein  it  fcarce  feems  to  have  pre-exifted  j  lince  its  matrix ,  or 
From  pyntes.  orCj  the  py j  ite->  being  detained  in  the  fire,  yields  no  fulphur,  but  an  acid  li¬ 
quor,  like  the  acid  of  vitriol.  Whereas  the  fame  Pyrites  being  duly  prepared, 
and  then  long  expofed  to  a  vehement  fire,  gradually  foftens,  calcines,  cracks, 
and  exudes  a  true  fulphur. 

4.  Sometimes  indeed  the  fulphur  is  found  ready  prepar’d  in  the  pyrites  *, 
~fo  that  upon  being  ignited  the  fulphur  trickles  from  the  containing  vefiels 
placed  aflope  for  the  purpofe,  and  is  catched  in  receivers.  And  hence  the  ore 
or  matrix  both  of  fulphur  and  vitriol,  is  the  fame.  And  thus  may  fulphur  be 
artificially  compounded  of  the  fpirit  of  vitriol,  alum  or  fulphur  per  camp  a - 
nam,  and  a  vegetable  oily  matter  combined  together.  So  that  fulphur  is  not 

"Rejina terror,  improperly  called  by  thechemifts  Refina  terra ,  or  Rofin  of  the  earth. 

5.  Being  feparated  by  repeated  fufions,  both  from  the  impurities  which 
rife  to  the  top  and  fink  to  the  bottom,  and  poured  into  wooden  moulds  of  a 
cylindrical  figure,  it  is  expofed  to  fale  ;  and  from  its  colour,  which  refembles 
that  of  the  citron,  is  called  Sulphur  citrinum  (f). 

Of 


Natural  hiftory  of  fulphur. 

(f)  There  are  two  principal  kinds  of  ful¬ 
phur,  tho’  not  greatly  differing  from  each  0- 
ther  ;  viz.  the  native,  and  the  factitious.  Na¬ 
tive  fulphur  is  that  which  never  felt  the  fire  j 
and  factitious  is  that  obtain’d  by  fire. 

The  native  fulphur,  otherwife  called  fulphur 
vi-vum,  is  of  two  kinds ;  the  one  tranfparent, 
and  of  a  Ihining  yellow,  green,  or  red  co¬ 
lour ;  which  is  found  near  the  gold  mines  in 
Peru,  Switzerland,  life.  the  other  is  opake, 
and  found  either  in  fhining  green,  or  yellow 
lumps,  or  glebes,  or  in  form  of  a  clayifh 
earth,  of  a  light  grey  or  yellow  colour  ;  and 
found  near  vulcano’s,  particularly  Vefuvius 
and  JEtna  ;  fulphureous  fprings,  as  thofe  of 
Aix  la  Chapelle,  &c.  and  in  feveral  parts 
both  of  Europe  and  America. 

The  factitious  fulphur  is  obtain’d  in  diffe¬ 
rent  ways  at  different  places.  In  fome  parts 
of  Italy  there  are  a  kind  of  fulphur-mines, 
containing  a  white  argillaceous  earth,  mix’d 
with  blue  veins,  which  they  dig  up,  put  into 
large  earthen  veffels,  and  get  fulphur  out  by 
a  kind  of  diftillation,  with  an  earthen  cu¬ 
curbit  and  receiver ;  tho’  this  is  no  mote  than 
an  ingenious  contrivance  to  feparate  the  ful¬ 
phur  from  the  ore  by  fufion,  and  make  it 
rife,  fo  as  to  run  liquid  into  the  inclined  re¬ 
ceivers.  What  remains  in  the  cucurbits  after 
the  operation,  is  a  red  calx,  which  they  throw 
away. 

Much  after  the  fame  manner  they  feparate 
fulphur  near  Litge ,  from  a  kind  of  pyrites. 


looking  like  lead  ore  5  which  is  there  dug  up, 
broke  to  pieces,  and  put  into  large  fquare 
cucurbits  of  earth,  with  narrow  mouths. 
Thefe  veffels  they  place  in  an  inclined  pollure 
in  a  furnace  ;  whereby  the  melted  fulphur  is 
made  to  run  out  into  leaden  receivers,  fill’d 
to  a  proper  height  with  water :  the  fubftance 
that  remains  in  the  cucurbit  contains  a  confi- 
derable  proportion  of  vitriol.  If  the  fulphur 
be  foul  at  the  firft  operation,  they  melt  it  a- 
gain  in  iron  vefiels,  adding  to  it  a  little  lin- 
i'eed  oil ;  then  pour  it  into  hollow  cylinders 
of  iron  greafed  on  the  infide,  whereby  it  is 
form’d  into  rolls.  The  fulphur  thus  procur’d, 
is  either  yellow  or  greenifh  ;  the  latter  is  pre- 
ferr’d  for  fome  ufes,  as  containing  a  vitriolic 
fait.  It  feems  to  be  beft  purified  by  fublima- 
tion,  which  raifes  it  in  the  form  of  flowers, 
commonly  called  flower  of  brimflone. 

Its  virtues  and  ufes . 

It  is  ufed  both  internally  and  externally  in 
medicine ;  and  to  great  advantage  in  cuta¬ 
neous  diforders.  Its  ufes  in  making  gun¬ 
powder,  matches,  fire-works,  life,  are  fuffi- 
ciently  known.  It  has  numerous  ufes  in  che- 
miftry.  Its  fumes  check,  or  prevent  fermen¬ 
tation  j  for  which  purpofe  ’tis  ufed  by  the 
wine-coopers,  life.  It  has  an  eledfrical  vir¬ 
tue.  The  light  it  affords  in  burning  makes 
objects  appear  ghaltly  ;  and  on  this  account 
perhaps  it  was  anciently  burnt  in  expiations, 
and  other  (acred  rights,  and  came  to  be  called 
Otiov  • 
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Of  O  R  P  I  M  E  N  T. 

r.  Orpiment  in  many  refpe&s  refembles  fulphur  ;  being  friable,  fufible,  Orpiment. 
eafily  inflammable,  and  in  burning  yielding  a  fulphurous  flench,  tho*  not  a 
volatile  acid  one.  Withal  it  is  inert  and  harmlefs  ;  or  not  fo  pernicious  to 
animals  as  is  vulgarly  pretended.  It  turns  red  by  fufion,  and  in  that  ftate  af¬ 
fords  a  volatile  emetic  matter,  improperly  called  yellow  arfenic.  Citrine  nr- 

2.  The  original  native  orpiment  being  fufed  in  a  clofe  veflel,  produces  a  fenic' 
brittle  mafs,  which  is  eafily  reduced  to  powder,  and  appears  with  the  bright- 
nefs  of  Minium  ;  being  not  very  acrimonious,  and  confequently  not  very  poi-  dame  a. J 
fonous,  tho*  called  both  by  ancients  and  moderns  realgar ,  red  arfenic ,  and 
fandaraca:  which  confufion  of  names  has  given  occafion  to  feveral  errors  (g). 


O/ARSENIC. 

r.  The  poifonous  arfenic  is  a  white  cryftalline,  ponderous,  pulverable  body,  Arfenic. 
and  but  of  late  invention  ;  being  unknown  200  years  ago.  It  is  an  artificial 
fubftance,  made  by  melting  cobalt  with  fix’d  alcali  and  flints,  in  the  prepa¬ 
ration  of  fmalt.  The  flower  which  rifes  in  this  operation  affords  a  white 
crude  arfenic  ;  which  being  fufed  in  a  clofe  veflel,  by  a  vehement  fire,  pro¬ 
duces  the  common  white  fhop-arfenic  (Id).  ^fetil*  *** 

2.  If  this  arfenical  flower  of  cobalt  be  fufed  with  a  tenth  part  of  its  quantity  Yellow  ar~ 
of  common  fulphur, 'it  produces  the  yellow,  poifonous  arfenic  *,  which  fhould  j-enif 
be  carefully  diftinguiftied  from  orpiment,  as  being  of  a  moll:  deadly. quality. 

Q_2  3- 


Natural  hijlory  of  orpiment,  or  auripigmentum.- 
(gj  By  orpiment  we  underftand  a  natural 
fcaly  mineral  fubftance  or  glebe.  It  is  ex¬ 
tremely  flaky  like  talc  ;  tho’  its  little  feales 
are  eafily  feparated  from  each  other.  It  is 
of  three  kinds  with  regard  to  colour ;  viz. 
(1)  Gold-coloured,  or  yellow.  (2)  Red,orcin- 
nabarine,  mix’d  with  yellow;  and,  (3)Greenifh 
or  yellowifh,  mix’d  with  a  large  proportion 
of  earth,  and  therefore  the  coarfeft.  All  the 
fpecies  are  found  in  the  mines  of  gold,  filver, 
and  copper.  But  the  orpiment  we  commonly 
meet  with  is  the  yellow  fort.  Its  tafte  is  very 
little  if  at  all  acrimonious  ;  it  diflolves  in 
oil,  it  flames  in  the  fire,  and  then  yields  a 
garlick  odour;  by  fublimation  it  yields  floweis 
like  thofe  of  fulphur,  leaving  a  hard  red  mafs, 
or  kind  of  regulus,  at  the  bottom  of  the  fub- 
liming-veflel  ;  but  if  urged  with  a  ftrong  fire, 
this  mafs  alfo  feems  to  rife,  and  concretes  on  the 
upper  part  of  the  veflel,  into  a  beautiful  red, 
tranfparent  fubftance,  like  a  ruby  ;  leaving 
only  a  fmall  proportion  of  a  metallic  earth 
behind.  Its  fumes  in  burning  being  receiv’d 
by  copper,  render  the  metal  white  and  brittle  ; 
which  may  give  fufpicion  of  an  arfenical 
quality.  And  perhaps  it  is  of  a  mix’d  nature 
betwixt  common  fulphur  and  antimony,  or 


betwixt  fulphur  and  the  milder  arfenical  fub- 
ftances :  but  its  real  nature  is  not  hitherto 
fufficiently  determined  ;  though  Dr.  Hoffman 
has  beftow’d  fome  pains  in  examining  it  ;  and 
produces  arguments  to  prove  it  innocent,  not 
only  from  chemical  experiments,  but  alfo 
trials  made  upon  dogs :  but  both  thefe  kinds 
of  trials  we  know  may  deceive,  or  fometimes 
be  fatally  transferred  from  one  fubjeft  to  an¬ 
other.  And  under  this  uncertainty  we  cannot 
advife  the  giving  it  internally  ;  though  we 
fufpedl  it  is  frequently  given  by  certain  people, 
fometimes  with  good,  but  often  with  bad 
effefts. 

Its  ufes. 

It  is  commonly  ufed  by  painters  for  a  gold- 
colour  ;  and  as  a  depilator  with  quick-lime 
at  the  bagnio's  ;  it  is  alfo  an  ingredient  in  the 
making  of  fhot,  and  in  the  fym  pathetic  inks, 
which  by  their  fumes  render  certain  invifible 
inks  confpicuous.  We  have  feen  it  in  flakes 
of  a  molt  vivid,  beautifully  red,  green,  and 
yellow  tranfparent  colours,  brought  from 
abroad,  in  hopes  of  obtaining  gold  from  it  ; 
but  the  experiment  did  not  anfwer  *. 

[b)  V.  Kunkel  de  Arte  V it r arid,  where 
the  furnace  for  this  purpofe  is  deferibed  at  1 
large. 


*  See  Hoffman.  Ohfervat.  Pbyf  Cbym.  p.  259,  267. 
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3.  The  fame  flower  of  cobalt  being  fufed  with  a  fifth  part  of  fulphur,  pro¬ 
duces  the  redpoifonous  arfenic  ofthe  moderns;  which  muft  be  well  dilfinguifhed 
from  that  ofthe  ancients,  for  the  reafons  above  fpecified  (i). 

4.  In  effect,  the  modern  arfenic  fcarce  feems  to  be  a  true  fulphur,  but  ra¬ 
ther  has  a  peculiar  and  fpecific  nature,  which  diftinguifhes  it  from  all  other 
bodies  ;  being  mortal  to  all  animals,  and  not  eafy  to  be  reduced  to  any  clafs 

of 


Natural  hj.fi  ory  of  cobalt,  or  mother  of  arfenic. 

(/)  As  arfenics  are  obtain’d  from  cobalt,  the 
natural  hiftory  of  this  mineral  ftiould  firft  be 
traced.  The  German  cobalt  is  a  ponderous, 
hard,  foffil  fubltance,  or  imperfeCt  ore,  of  a 
blackifh  colour,  fomewhat  refembling  a  kind 
of  pyrites,  or  ore  of  antimony.  It  emits  a 
ftrong  fulphurous  fmell  in  burning ;  and  is 
fometimes  mix’d  with  copper,  but  moft  com¬ 
monly  with  'filver.  It  is  dug  up  in  large 
lumps  from  mines  in  Saxony  and  Bohemia,  but 
particularly  near  Gofar.  Cobalt  is  alfo  faid 
to  be  found  in  England,  and  particularly  in  the 
Mendip  hills.  It  is  a  valuable,  tho’  poifonous 
mineral,  and  well  worth  enquiring  after. 
There  is  reafon  to  believe  it  may  be  found  in 
the  northern  parts  of  Britain.  It  has  a  vio¬ 
lent  corrofive  quality,  fo  as  fometimes  to  ul¬ 
cerate  the  hands  and  feet  of  the  miners  ;  and 
if  taken  into  the  body,  proves  mortal  to  all 
the  known  animals. 

Its  ufes. 

It  has  been  already  obferved,  that  the  three 
kinds  of  arfenic  are  prepared  from  cobalt. 
It  likewife  is  the  foundation  of  zajfer  or 
fsnalt,  and  fonre  other  of  the  blues  ufed  in 
painting,  enamelling,  wafhing,  ftarching,  iAc. 
fo  as  to  prove  a  very  advantageous  commodity. 
The  way  of  treating  cobalt  for  this  purpofe  is 
deferib’d  by  Kunkel  in  his  notes  upon  Neri's 
.art  of  glafs.  The  procefs  is  this  :  T  hey  firft 
roaft  or  calcine  the  cobalt  in  a  reverberating 
furnace,  fo  built  as  that  the  flame  of  the  fire 
may  pafs  over  the  matter,  and  keep  it  ignited. 
The  flame  in  palling  over  the  cobalt  is  blue, 
and  carries  off  a  copious  fume,  which  is  con¬ 
vey’d  from  the  top  of  the  furnace  into  a  large 
wooden  funnel,  fome  fcores  of  yards  long ;  to 
the  infide  whereof  a  great  part  of  the  fume  ad¬ 
heres,  in  form  of  awhitifh  foot.  This  funnel 
the  workmen  fweep  once  in  fix  months,  and 
preferve  the  foot  ;  of  which  the  feveral  kinds 
of  arfenic  are  made,  in  the  manner  below 
mention’d.  The  cobalt,  after  being  thus 
xoafted,  is  powder’d  and  calcin’d  a  fecond,  or 
even  a  third  time,  till  the  fumes  are  fuffi- 
ciently  difchnrged.  Laftly,  it  is  finely  ground, 
with  twice  or  thrice  its  weight  of  pulverized 
flint,  and  fprinkled  with  water*  whereupon  it 
foon  turns  by  melting  to  a  mafs  called  safer. 

*  See  Stahls  Archiater  Anchiaten 


Two  parts  of  this  calcined  cobalt  being  melted 
with  one  part  of  pot-afh,  and  three  of  com¬ 
mon  fait,  it  turns  to  a  dark,  blue,  glafly, 
cryftalline  matter,  called  fmalt,  or  the  blue 
enamel.  The  white  arfenic  is  made  by  fub- 
liming  the  foot  or  flov/ers  of  cobalt  in  an 
iron  veftel  ;  or  by  bare  melting  it  in  a  clofe 
crucible,  which  gives  it  a  kind  of  vitreous 
body.  Yellow  arfenic  is  made  by  fubliming, 
or  melting  the  fame  foot  with  a  tenth  part  of 
fulphur.  Red  arfenic  is  made  by  fubliming 
or  melting  the  fame  foot  with  a  fmall  propor¬ 
tion  of  copper- flag,  or  two  parts  of  fulphur 
to  ten  of  the  foot. 

The  nature  and  ufes  of  arfenic. 

White  arfenic  is  totally  volatile  in  the  fire  ; 
it  does  not  flame  like  cobalt,  or  red  arfenic* 
as  containing  no  fulphur ;  its  fubftance  or 
fumes  whiten  copper,  but  render  it  brittle  : 
’tis  one  of  the  ftrongeft  poifons.  Taken  in¬ 
ternally,  it  produces  horrid  fymptoms,  as 
dejection,  fainting,  ftupor,  delirium,  convul- 
fions,  palfy,  burning  in  the  ftomach,  cold 
fweats  ;  but  the  following  feem  particular  to 
this  kind  of  poilon,  viz.  eroflon  of  the  fto¬ 
mach,  fo  as  to  leave  its  coats  extremely  thin 
and  flaccid  in  fome  places ;  perforation  of  the 
inteftincs,  quick  fwelling,  and  fphacelation, 
and  putrefaction  of  the  parts  of  the  body  after 
death  ;  but  more  particularly  the  parts  of 
generation.  If  death  does  not  enfue,  the  per- 
fon  is  apt  to  grow  he&ic,  paralytic,  or  ma¬ 
niacal.  But  notwithftanding  the  numerous 
fatal  inftances  of  this  poifon,  fome  are  bold 
enough  to  give  it  as  a  medicine,  particularly 
in  obilinate  intermitting  fevers  ;  but  this  we 
take  to  be  a  monitrous  and  moft  deteftable 
pradtice  *  as  the  remedy  is  infinitely  worfe 
than  the  difeafe.  And  tho’  the  white  arfenic 
be  the  moft  fatal  and  deadly,  yet  the  yellow 
and  red  are  almcft  as  bad  :  nor  do  we  know 
any  way  of  rendering  arfenic  medicinal,  nor 
of  any  good  antidote  againft  this  poifon  *. 
Arfenic  is  frequently  ufed  as  a  poifon  to  ani¬ 
mals,  efpeciallv  rats  that  infeft  fliips  ;  but 
even  this  practice  is  not  fafe  to  the  fa i K rs. 
Melted  with  copper  it  makes  an  artificial 
metal,  called  alchymy,  now  pretty  much  dif- 
ufed,  as  being  unwholefome,  or  poifonous. 
It  is  always  to  be  handled  or  treated  with  the 
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of  known  bodies;  tho*  more  refembling  fulphur  than  any  other:  and  for 
this  reafon  we  rank  it  under  this  head  ik). 
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Of  BITUMINOUS  SULPHURS. 

1.  Nearly  refembling  the  nature  of  fulphur,  are  thofe  undluous  bodies 
which  fpontaneoufly  iffue  from  the  ground,  in  the  compofition  whereof  ful¬ 
phur  appears  to  have  the  predominant  part.  Such  particularly  are  the  fol¬ 
lowing  (/). 

Petroleum ,  or  rock-oil,  whofe  name  difcovers  its  nature  and  origin  ;  it  re-  Petrol. 
fembles  melted  Bitumen ,  or  is  perhaps  feparated  from  it,  and  trickles  out  of 
rocks :  tis  thin,  light,  of  a  ftrong  fmell,  and  totally  inflammable  ;  it  is 
frequently  found  fwimming  on  fpring-water,  and  fo  nearly  refembles  a  di- 
ftilled  oil  in  feveral  refpedls,  that  many  have  thought  it  the  product  of  fire 
by  fome  fubterraneous  operation.  'It  is  frequently  confidered  as  a  liquid  bitu¬ 
men  ;  from  which,  however,  it  differs  in  colour,  fmell,  and  tranfparency. 

2.  Naphtha(m)  is  much  like  petrol  («),  only  thinner,  whiter,  more  easily  in-  Nahptha. 
flammable,  and  maintains  its  flames  longer  ;  being  difficult  to  be  extinguiffi’d. 

It  is  the  pureft  and  fubtileft  part  of  bitumen  ( o ). 

3.  Afphaltum ,  as  it  is  called  by  the  Greeks ,  by  the  Latins  Bitumen ,  is  Bitumen. 
thicker  than  naptha,  or  petrol,  very  vifcid,  or  tenacious,  tho’  at  firft  it  is  in  ^/phalium, 
fome  meafure  fluid  ;  whilft  it  retains  its  nature,  it  generally  fwims  on  water  ; 

and 


greateft  caution.  The  white  is  ufed  in 
glafs-making,  to  make  the  glafs  transparent  j 
by  potters  in  their  white  glazing ;  by  ena- 
mellers  to  glaze  or  cover  their  metallic  co¬ 
lours.  The  yellow  and  red  are  ufed  by  pain¬ 
ters  in  their  flefh-colours,  browns,  and  yel¬ 
lows.  The  fmalleft  quantity  of  any  of  the 
arfenics  being  mix’d  with  a  metal,  renders  it 
friable,  or  deflroys  its  malleability.  And 
hence  the  refiners  dread  nothing  fo  much  as 
arfenic  in  their  metals ;  and  it  would  be  ad¬ 
vantageous  to  them,  were  fuch  a  thing  to  be 
had,  as  a  menftruum  that  would  abforb,  or 
adt  cn  arfenic  alone  :  for  then  their  metals 
might  be  readily  purified,  without  flying  off, 
or  evaporating ;  which  often  occafious  great 
lofs,  labour,  and  expence.  Arfenics  do  not 
diffolve  in  water,  but  hang  therein  after  the 
manner  of  feathers. 

[k)  Conlult  Hoffman s  Ohjer-v.  Phyf.  Chem. 

(J)  By  bituminous  Sulphurs  we  mean  fuch 
pitchy  mineral  fubltances,  whether  Solid  or 
fluid,  as  are  inflammable.  Soluble  in  oil,  and 
immifcible  with  water.  Thus  a  folid  bitumen 
is  any  hard,  brittle,  mineral  body,  fufible  by 
fire,  readily  inflammable,  and  Soluble  in  oil ; 
thus  appearing  to  refemble  pitch',  as  the  li¬ 
quid  bitumens  refemble  tar  ;  though  their 
colours  and  degrees  of  confidence  may  be 
various. 

(w)  Some  naturalifts,  as  Dr  Woodward, 
&rc.  extend  bitumens  into  a  general  dafs,  an- 


fwering,  in  great  meafure,  to  the  clafs  of 
fulphurs.  Accordingly,  they  Subdivide  them 
into  liquid,  or  naphtha,  including  petrol  and 
oleum  terra ;  and  folid,  under  which  they 
range  amber,  jet,  bitumen,  afphaltum  pro¬ 
perly  fo  called,  and  coal. 

(«)  It  is  frequently  confounded  with  naphtha , 
tho’  it  be  very  different  therefrom  ;  as  being 
thinner,  more  penetrating,  and  lefs  inflam¬ 
mable. 

It  is  found  in  feveral  countries,  particu¬ 
larly  the  duchy  of  Modena  in  Italy  ;  and  is  of 
feveral  colours,  red,  yellow,  green,  white, 
dfr.  which  diverfity  is  fuppofed  to  arife  from 
the  different  Situation  of  the  rock  with  refpedt 
to  the  fun  :  thus  the  white,  which  is  reputed 
the  belt,  is  laid  to  proceed  from  that  fide 
molt  expofed  to  the  fun’s  rays;  then  the  red, 
then  yellow,  &c. 

’Tis  ufed  for  burning  in  lamps,  and  exter¬ 
nally  in  paralytic  diforders,  &c. 

(0)  Naphtha  is  a  ruddy  kind  of  oil,  exuding 
out  of  a  rocky  or  ftony  earth ;  exceedingly 
inflammable,  io  as  to  catch  fire  even  from  a 
candle  held  at  a  diilance  ;  and  fo  combufiible 
as  to  continue  burning  under  water.  ’Tis  found 
in  feveral  parts  of  Chaldaa,  particularly  where 
the  ancient  Babylon  flood  ;  as  alfo  in  France, 
and  fome  other  countries  of  Europe.  That  of 
France  is  like  melted  .pitch,  very  black,  and 
of  a  rank  fmell. 
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and  it  burns  vehemently  in  the  fire.  The  fame  being  further  dried,  and  con- 
coded  by  the  heat  of  the  fun,  or  fire,  or  even  by  length  of  time,  becomes 
harder  than  pitch,  grows  Alining  and  ponderous,  but  is  ftill  fufible  by  fire, 
mifcible  with  any  unduous  body,  and  inflammable  ;  in  which  ftate  it  is  de¬ 
nominated  Jews-pitch,  or  Bitumen  Judaicum(j>\ 

4.  Pijfafpbaltumy  by  the  very  found  of  the  name  fhews  it  of  an  interme¬ 
diate  kind  between  pitch  and  bitumen  ;  being  of  a  black  colour,  earthy  and 
flrong  fcented,  and  only  feeming  to  differ  in  degree  from  the  former :  it  is 
probably  generated  either  naturally,  or  artificially,  by  a  different  mixture  of 
fat  bodies  with  melted  bitumen  (q). 

5.  The  fame,  when  advanced  fo  far  towards  perfedion  by  nature,  as  to 
become  black,  hard,  earthy,  flaky,  fmooth,  ftrong  fcented,  and  glofly,  feems 
to  form  that  ftone  ufually  called  jet,  or  Thracium  Nicandri  (r). 

6.  If  fat  bituminous  fubftances  mix  with  ffony  glebes,  or  fometimes  per¬ 
haps  with  the  Scoria  of  metals,  they  harden  together,  and  thus  form  a  folid, 
fcaly,  black,  fat,  flaky,  inflammable  matter,  called  Lithanthrax  or  pit-coal  (j) ; 
which  feems  alfo  to  belong  to  this  head. 

7.  Amber ,  called  alfo  Carabe ,  Succinum  and  Elebirum ,  comes  like  wife  under 
this  head  ;  as  feeming  to  be  the  produce  of  a  bituminous  fulphur.  It  burns, 
and  at  the  fame  time  melts  in  the  fire.  It  confifts  of  a  liquid,  acid  fait, 
which  hardens  into  folid  glebes  ;  and  of  a  foflil  oil,  nearly  refembling  petrol. 
Its  colour  is  either  white,  citron,  yellow,  black,  or  red  (/). 


(p)  The  afphaltum  is  of  a  fhining  black  co¬ 
lour,  and  fo  like  Stockholm  pitch,  that  were 
it  not  for  the  rank  fmell  of  that  pitch,  and 
the  fuperiour  hardnefs  of  the  bitumen ,  there 
would  be  no  diftinguilhing  them. 

’Tis  ufual  to  i'ophifticate  the  afphaltum, 
by  mixing  pitch  with  it,  whence  the  piflaf- 
phaltum  is  made  ;  which  the  coarfnefs  of  the 
black  colour,  and  the  fetid  fmell  eafily  dif- 
cover. 

There  is  another  afphaltum ,  which  is  a  mi- 
‘neral  ftone  found  in  the  valley  of  Sydim,  near 
the  ancient  Babylon ;  and  lately  alfo  in  the 
county  of  Neufchatel,  the  oil  whereof  makes 
an  excellent  cement ;  and  hence  is  fuppofed 
to  be  the  mortar  fo  much  celebrated  among 
the  ancients,  wherewith  the  walls  of  Babylon 
were  laid 

(q)  P  iff  afphaltum,  or  Jews  -pitch,  is  a  fort 
cf  bitumen,  found  on  the  furface  of  the  lake 
Afphaltos,  or  dead  fea,  in  Judrea ;  which 
tho’  at  firft  liquid,  yet  hardens  ia  the  air, 
and  is  brought  to  us  in  a  firm  confident  mafs. 
So  that  it  may  rather  be  rank’d  among  the 
folid  than  the  liquid  fulphurs. 

(r)  Jet,  otherwife  called  black  amber ,  is 
a  bituminous,  dry,  hard,  black,  fmooth, 
glofty,  uniform  fubftance  ;  capable  of  a  good 
polifh,  burning  almoft  like  pitch,  and  ap¬ 
pearing  to  be  a  fine  kind  of  pit-coal.  It  is 


8. 

found  in  many  countries  of  Europe,  as  Ger¬ 
many,  France,  Sweden,  Ireland,  and  England, 
particularly  in  Lancafhire,  where  they  make 
boxes,  falt-fellers,  &c.  of  it. 

(s)  Pit-coal  may  be  efteem’d  a  coarfer  kind 
of  jet,  being  mix’d  with  a  large  proportion  of 
earth;  as  appears  by  the  afhes  it  leaves  be¬ 
hind  upon  burning.  It  might  be  of  great 
fervice,  if  an  eafy  and  cheap  way  were  known 
of  extratting  the  oil  out  of  common  coal. 

(/)  Amber  is  chiefly  found  in  the  Baltic- 
Sea,  and  along  the  coafts  of  PruJJia  Natu- 
ralifts  have  been  extremely  in  the  dark  about 
its  origin  and  formation  ;  fome  have  main¬ 
tain’d  it  an  animal  fubftance  ;  others  take  it 
for  a  refinous  juice,  ouzing  from  poplars  and 
firs,  frequent  on  thofe  coafts,  and  difcharged 
into  the  fea:  where  undergoing  fome  altera¬ 
tion,  it  is  thrown  on  fhore  in  this  form  r  but 
the  generality  of  authors  contend  for  its  being 
a  bitumen,  which  trickling  into  the  fea  from 
fome  fubterraneous  fources,  and  there  mix¬ 
ing  with  the  vitriolic  falts,  which  abound  in 
thofe  parts,  it  becomes  congeal’d,  or  fixed 
thereby  ;  the  refult  of  which  congelation  is 
amber.  But  good  amber  is  frequently  found 
in  digging  far  from  any  fea-coaft,  which  feems 
to  make  it  a  foflil. 

There  arefeveral  indications  which  difeover 
where  this  ambe*  is  to  be  found  :  the  furface 
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8.  The  Oleum  terrec,  produced  in  India  and  defcribed  by  Neuhovius,  is  fcarce  Oleum  ten  a. 
imported  into  Europe ,  but  kept  by  the  princes  of  Afia  for  their  own  ufes. 

Whether  therefore  this  be  a  fpecies  of  Petroly  or  Naphtha ,  I  will  not  deter¬ 
mine  :  but  that  which  is  brought  hither,  and  fold  under  this  denomination 
is  obtained  from  the  exprefled  oil  of  coco-nut  mix’d  with  medicated  earths  ; 
as  I  have  been  informed  from  a  very  good  hand.  And  confequently  it  ought 
rather  to  be  rank’d  in  the  clafs  of  vegetables.  Is  not  that  called  Barbadoes- tar,  Barbados 
prepared  after  the  fame  manner  ?  tar' 
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of  the  earth  is  there  cover'd  with  a  foft  fcaly 
ftone;  and  vitriol,  in  particular,  abounds  there. 
Amber  afl’umes  all  figures  under  ground,  as  of 
of  a  pear,  an  almond,  a  pea,  &c.  among  o- 
thers  there  have  been  found  letters  very  well 
form’d,  and  even  Hebrew  and  Arabic  charac¬ 
ters  ;  within  fome  pieces  of  amber  have  like- 
wife  been  found  leaves,  infers,  &c.  this, 
with  fome,  paffes  as  a  proof  that  amber  was 
originally  in  a  fluid  Hate  ;  tho’  others  rather 
account  for  it,  by  fuppoflng  the  amber  to  have 
been  expofed  to  the  heat  of  the  fun,  and  by 
that  means  foften’d,  fo  as  to  receive  the  leaves, 
infefts,  (Ac.  which  opinion  is  countenanced 
by  this,  that  thofe  heterogeneous  matters  are 
feldom  found  in  the  centre  of  the  piece,  but 
near  the  furface. 

The  amber  which  we  commonly  meet  with 
is  a  bituminous,  hard,  dry,  tranfparent,  tough- 
ifh,  tho’  brittle  fubftance,  either  of  a  white, 
yellow,  or  dufky  brown  colour,  of  an  acidifh, 
bituminous,  and  fomewhat  ftyptic  talle,  and, 
when  warm,  of  a  peculiar  fragrant  tartifk  fmell, 
refembling  that  of  a  mouldy  lemon.  It  is  e- 
leftrical,  and  feems  to  have  given  that  name 
to  other  fubftances  which  attract  light  bodies. 
When  its  natural  hiftory,  nature,  and  pro¬ 


perties,  come  to  be  well  confider’d,  it  pretty 
clearly  appears  to  be  originally  a  bituminous 
mineral  juice,  form’d  in  the  earth,  being  at 
firft  in  a  liquid  flate,  but  afterwards  con- 
denfed,  or  harden’d.  In  fome  parts  of  France, 
and  particularly  in  Provence,  it  is  dug  from 
mountains ;  and  fo  it  is  in  Italy  and  Sicily ; 
tho’  this  is  only  a  coarfe  dark-coloured  and 
indifferent  fort.  The  belt  is  found  in  PruJJia. 
Hartman,  who  has  given  a  good  hiffory  of 
amber,  judges  from  phenomena  that  all  Pruf- 
Jia  is  upon  a  bed  of  bitumen,  or  matrix  of 
amber,  which  ouzes  out  large  quantities  of 
this  mineral,  fometimes  nearly  up  to  the 
earth’s  furface,  efpecially  about  the  fea-coafts. 
But  intermix’d  with  the  amber  are  found  a 
kind  of  mineral  trees,  differing  in  their  tex¬ 
ture  from  the  common  vegetable  kind,  as  con¬ 
fining  of  flat  plates  lying  upon  one  another  } 
and  from  thefe  Hartman  prefumes  the  amber 
proceeds ;  it  being  feldom  fcund  without  them, 
and  is  fometimes  contained  in  them. 

Its  ufes. 

Its  mechanical  ufes  are  feen  in  cabinets, 
toys,  utenlils,  and  the  better  kind  of  varnilh- 
ing.  In  medicine  ’tis  efteem’d  good  againft  ner¬ 
vous  diforders,  convulfions,  the  fluor  albus,  & c. 


A  P  P  E 

Natural  hiftory  of  ambergreafe . 

Ambergreafe  feems  alfo  referable  to  this 
clafs  of  bituminous  fulphurs,  tho’  there  are 
various  opinions  as  to  its  origin  ;  fome  take 
it  for  the  excrement  of  a  bird,  which  being 
diflolv’d  by  the  fun’s  heat,  and  waih’d  off  the 
fhore  by  the  waves,  is  fwallow’d  by  whales, 
who  return  it  in  the  condition  we  find  it  :  o- 
thers  imagine  it  a  fort  of  gum,  which  diftil- 
ling  from  trees,  drops  into  the  fea,  where  it 
congeals  into  ambergreafe.  Others  fuppofe 
it  a  fort  of  fpongy  earth,  which  the  working 
of  the  fea  walhes  off-  the  rocks ;  where,  being 
lighter  than  water,  it  floats  :  others  contend 
for  its  being  form’d  from  honey-combs,  which 
fall  into  the  fea  from  the  rocks,  where  the 
bees  had  form’d  their  nefts  ;  fevecal  perfons 


N  D  I  X. 

having  feen  pieces,  half  ambergreafe,  half 
honey-comb.  Laltly,  others  will  have  it  a 
fort  of  a  bituminous  jufce,  which  fprings  out 
of  the  bottom  of  the  fea,  as  naptha  does  out 
of  fome  fprings,  and  there  thickens  and 
hardens. 

Ambergreafe  is  found  on  the  fea-coafts  ; 
particularly  thofe  of  Africa,  from  the  Cape 
of  Good  Hope  to  the  Red-Sea,  and  the  adjacent 
iflands  ;  in  fome  places  of  the  Mediterranean, 
and  the  ifland  of  Bermudas.  It  is  a  light,  lo- 
lid,  grey,  tallow-like,  marbled  fubftance.  ’Tis 
moft  probably  a  kind  of  bitumen,  flowing  out 
of  the  earth,  in  a  liquid  form,  into  the  lea  j 
where  it  hardens,  and  floats  on  the  furface, 
or  is  thrown  upon  the  Ihores.  In  the  middle 
of  the  lumps,  which  are  fometimes  very  large, 
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Steves,  their 
char  a  SI  er.  • 


Of  S  T  O  N  E  S. 

I.  “  Stone  is  a  hard  fofiil  body,  not  dudile,  but  brittle,  fix’d  in  the  fire,  and 
“  not  eafily  fufible  thereby,  nor  diffolvable  in  water  («).”• — By  which  marks, 
ftones  are  accurately  diftinguifhed  from  metals,  falts,  and  fulphurs  (*).  Stones 
,  '  ”  •  feem 


we  frequently  find  ftones,  fhells,  bones,  &c. 
It  melts  over  the  fire  into  a  kind  of  fellow 
rcfin.  It  is  inflammable,  and  foluble  in  fpirit 
of  wine ;  only  leaving  a  black  bituminous 
matter  behind,  which  the  fpirit  will  not  take 
up. 

Its  ufes. 

’Tis  much  ufed  by  the  perfumers,  as  giv¬ 
ing  a  rich  fvveet  odour  in  mixture,  efpecially 
with  mulk.  In  medicine  it  is  efteemed  a  high 
cordial.  The  bell  is  that  which  is  clean,  of 
a  light  grey  colour,  a  ftrong  feent,  and,  when 
prick’d  with  a  hot  needle,  ouzes  out  an  odo¬ 
rous  liquor. 

( u )  Nor  in  oil. 

Natural  hifiory  of  gems  in  general. 

(a-)  Stones  are  diitinguilh’d  from  metals  by 
being  friable ;  which  is  a  property  that  even 
diamonds  themlelves  are  not  without  :  they 
are  diftinguifh’d  from  falts  by  not  dijfolwng 
in  water  ;  and  from  fulphurs  by  not  fufeng  in 
the  fire. 

Precious  flows,  called  alfo  gems  or  jewels, 
are  hard,  tranfparent,  and  of  a  beautiful  co¬ 
lour,  or  water. 

The  diamond,  or  adamant,  is  the  hardeft, 
and  moll  tranfparent  of  all  bodies ;  it  may 
be  added,  the  molt  Ample  and  homogeneous 
too  :  fo  that  the  diamond  feems  to  be  that  a- 
mong  ftones,  which  gold  is  among  metals. 
The  pfeudo  diamond  is  fufficiently  pellucid, 
compaft,  and  weighty;  but  not  fo  hard,  nor 
capable  of  the  luftre  and  polilh  of  the  true 
diamond. 

;  Some  naturalifts  make  more  minute  divi- 
fions  of  ftones:  Bifhop  Wilkins  confidering 
ftones  in  refpeft  of  their  value,  makes  an  in¬ 
termediate  kind  between  vulgar  and  precious, 
•viz.  middle-priz’d.  He  likewife  divides  pre¬ 
cious  ftones  into  more  and  lefs  tranfparent. 
The  lefs  tranfparent  he  diftinguilhes  by  their 
colours :  into  red,  as  the  fardin  and  corne¬ 
lian  ;  pale  flefh  colour,  like  that  of  a  man’s 
nail,  as  the  onyx  j  bluiih,  as  the  turquois  ; 
pale  purple,  as  the  chalcedony  ;  and  thofe  of 
various  colours,  as  opal  and  cat’s-eye. 

The  more  tranfparent  he  diftinguilhes  into 
fuch  as  are  colourlefs,  as  the  diamond  and 
white  faphir ;  and  coloured,  which  are  either 
red,  as  the  ruby,  carbuncle,  and  granate ; 


yellow,  as  the  chryfolite  and  topaz;  green, 
as  the  emerald,  fmaragd  and  beryl  ;  bluiih, 
as  the  faphir  ;  and  purple  or  violaceous,  as 
the  amethyll  and  hyacinth. 

Dr  .Woodward  chufing  to  confider  ftones, 
not  in  refpect  of  value,  which  is  arbitrary 
and  extrinfic,  but  of  fomethiog  that  belong? 
to  themfelves,  divides  them  into  thofe  found 
in  larger  majfes,  and  thofe  in  lejfer  snaffes  > 
which  latter  he  fubdivides  into  fuch  as  do  not 
exceed  marble  in  hardnsfs,  and  fuch  as  do  ex¬ 
ceed  it.  Thefe  laft  make  the  clafs  of  precious 
fiones  in  the  other  divifions.  He  divides  them 
fomewhat  more  precifely  into  opake,  femi- 
opake,  and  tranfparent.  (i)  The  opake  are 
either  of  one  colour,  as  the  turquois  ;  or  of 
various  colours,  as  lazuli  and  jafpar.  (2)  Se¬ 
mi  opake,  either  have  their  colours  permanent, 
as  the  agate,  chalcedony,  onyx,  fardonyx, 
cornelian,  and  beryl :  or  their  colours  <vary, 
according  to  the  pofition  of  the  light,  as  the 
oculus  cati,  and  opal.  (3)  Tranfparent  fiones 
are  either  with  colours  ;  as  the  topaz  and  ja¬ 
cinth,  yellow,  or  partaking  thereof ;  gra¬ 
nate,  ruby,  and  amethift,  red;  faphir,.  water* 
faphire,  and  aquamarine,  blue  ;  and  emerald 
or  chryfolite,  green,  or  partaking  thereof ; 
or  without  colours,  as  the  cryftal,  pfeudo- 
diamond,  white  faphire,  and  diamond. 

Dr.  Slare  feems  to  make  the  fpecific  gra¬ 
vity  of  ftones  their  adequate  ftandard  ;  as  our 
author  does  in  metals.  He  fpeaks  of  feveral 
bodies  which  appear,  in  all  refpedts,  like 
ftones,  and  are  commonly  rank’d  as  fuch ; 
but  which,  by  the  hydroilatical  ballance,  are 
found  to  want  of  the  neceftary  weight ;  fuch, 
e  gr.  is  chalk,  and  various  other  bodies  taken 
for  granted  to  be  ftones ;  fome  of  which  are 
nearer  earths  than  ftones,  and  others  nothing 
but  earth,  fulphur,  and  metal.  Of  the  for¬ 
mer  many  fall  fhort  of  the  ftandard  of  ftone, 
and  others  exceed  it :  whereas  true  ftones, 
fays  he,  though  differing  much  in  hardnefs, 
whether  pebbles,  flints,  petrified  waters,  tsfe. 
anfwer  the  fame  ftandard  of  fpecific  gravity 
as  a  diamond  does  :  which  is  to  that  of  water 
as  2  |  to  1  * . 

The  hydroftatical  ballance,  fays  Mr.  Boyle, 
is  of  prime  ufe  in  difeerning  genuine  gems 
from  counterfeit,  which  too  often  pafs  for 
true,  to  the  prejudice  of  phyficians  and  their 

patients. 


*  Phil.  Tranfaft.  N°.  182. 
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&em  commodioufly  reducible  to  three  kinds  ;  viz.  tranfparent,  femi-tranfpa-  Species. 
rent,  and  opake. 


patients,  and  the  lofs  of  lapidaries  ;  for,  as 
there  are,  perhaps,  no  qualities  of  bodies 
more  effential  than  their  ponderofity,  fo  there 
is  fcarce  any,  wherein  impoftors  find  more 
difficulty  to  make  a  notable  alteration,  with¬ 
out  being  difcover’d.  In  feveral  cafes, indeed, 
’tis  not  very  difficult  to  alter  the  fpecific 
weigh  t  of  a  particular  body  ;  yet  it  may  be  im¬ 
practicable  to  make  any  confiderable  alterations 
in  the  quality,  unlefs  by  fuch  additions  and 
operations  as  will  caufe  a  fenfible  alteration  in 
feme  other  qualities,  and  fo  fubjeCt  the  cheat 
to  a  difeovery.  He  proceeds  to  give  inftances 
of  difeoveries  he  himfelf  had  made  by  this 
means  *. 

Many  authors,  not  only  among  the  ancients, 
but  the  moderns,  are  full  of  the  virtues  and 
medicinal  properties  of  precious  ftones  ;  but 
their  reputation,  in  this  refpedt,  is  now  not 
a  little  fallen.  Yet,  as  the  fragments  of  fuch 
Hones  are  ft  ill  preferved  by  the  phyficians,  in 
fome  of  the  moll  celebrated  compofitions ;  as 
there  are  certain  chemical  preparations  made 
of  them  ;  and  as  feveral  perfons  of  the  great- 
ell  candour  and  experience,  have  related  fome 
confiderable  effefts  of  certain  gems,  on  their 
own  particular  obfervations  ;  and  laftly,  as  it 
is  no  way  improbable  that  fome  of  the  fofter 
ftones  may  have  fome  confiderable  operations  on 
the  human  body  ;  it  might  be  imprudent  indif- 
criminately  to  exclude  them  from  any  medici¬ 
nal  virtue  at  all.  When  much  the  greatelt  part 
of  their  traditionary  qualities  are  fet  afide  as 
fabulous,  there  will  Hill  remain  fome,  on  as 
real,  and  well-warranted  a  footing,  as  many  of 
our  other  medicines. 

On  fuch  confiderations  the  excellent  Mr. 
Boyle  was  induced  to  give  us  that  extraordi¬ 
nary  piece  of  the  origin  and  virtues  of  gems ; 
the  purport  whereof  is  to  fhew,  “  That  fuch 
“  Hones  were  originally  in  a  fluid  Hate,  or 
“  are  made  up  of  fuch  fubflances  as  were 
“  formerly  fluid  ;  and  that  many  of  their  ge- 
“  neral  virtues  are  probably  derived  from  the 
**  mixture  of  metalline,  and  other  mineral 
“  fubflances  ufually  incorporated  with  them  ; 
4t  while  the  great  variety,  and  the  particular 
“  efficacy  of  their  virtues  arife  from  fome 

happy  concurrent  fubflances  of  that  com- 
**  mixture  ;  e.  gr.  the  peculiar  nature  of  the 
**  impregnating  liquor,  the  proportion  where- 
“  in  it  is  mix’d  with  the  petrefeent  juice,  and 
“  the  like.” 

To  fupport  this  hypothefis  of  the  virtues 
of  g^nis,  he  ffiews  that  feveral  of  them  are 

*  Boyle  Abr.  Vol.  II.  p.  328,  329. 


(I.)  Of 

not  Ample  concretions  of  any  petrefeent  li¬ 
quors,  but  confift  alfo  of  other  mineral  adven- 
titious  parts  ;  which  he  argues  from  the  fepa- 
rablenefs  of  fuch  fubflances  in  fome  ftones ; 
the  fpecific  gravity  in  others  ;  and  the  diffe¬ 
rent  tinftures  to  be  met  with  in  gems  of  the 
fame  fpecies,  as  rubies,  faphires,  granats,  and 
even  diamonds,  of  which  fome  are  yellow, 
fome  of  other  colours,  and  fome  green,  almoft 
like  emeralds.  There  may  therefore  be  in 
fome  gems  numberlefs  adventitious  corpufcles ; 
but  there  is  reafon  to  think  that  fome  of  thefe 
corpufcles  may  be  endued  with  feveral  pro¬ 
perties  and  medicinal  virtues  :  there  is  a  great 
difference  among  thefe  impregnating  particles, 
and  probably  a  greater  variety  than  is  known 
by  us  ;  and  laftly,  many  gems  are  richly  im¬ 
pregnated  with  thefe  particles :  why,  then, 
may  they  not  exert  fome  power  l  This  is  the 
fubftance  of  what  is  dire&ly  alledg’d  in  behalf 
of  gems. 

The  llrefs  of  what  is  objetted  againft  them 
is  this,  “  The  mineral  fubflances  they  contain 
“  are  fo  clofely  lock’d  up,  that  they  can  com- 
“  municate  nothing  to  the  body,  and  fo  can 
“  have  no  medicinal  operation  ;  being  uncon- 
“  querable  by  fo  fmall  a  heat  as  that  of  the 
“  ftomach,  and  other  parts  of  the  body.” 

Which  objection  might  be  plauflble  enough, 
to  prevent  the  aferibing  any  medicinal  virtues 
to  them  a  priori ;  but  can  conclude  nothing  a- 
gainft  what  is  warranted  by  fo  many  fadts,  and 
obfervations;  efpecially,  when  there  are  feveral 
particulars,  that  obviate  this  objedlion.  For 
a  vigorous  load-ftone,  tho’  frequently  harder 
than  many  gems,  is  known  to  emit  copious 
effluvia ;  and  there  are  many  which  have  been 
found  to  have  a  manifeft  and  inconvenient  o- 
peration  on  the  body,  by  being  wore  in  the 
pocket,  or  long  held  in  the  hand.  Mr.  Boyle 
has  found  many  tranfparent  pebbles,  which 
when  cut  would  refemble  diamonds,  that 
might  be  immediately  brought  to  emit  co¬ 
pious  and  ftrong-feented  fleams.  And  if  elec¬ 
trical  attradlions  be  owing  to  the  effluvia  of 
bodies  heated  by  rubbing  ;  very  flight  altera¬ 
tions  may  fuffice  to  procure  exfpiratiens  from 
tranfparent  gems,  many  of  which  are  elec¬ 
trical,  and  even  the  hardeft  of  all,  viz.  dia¬ 
monds,  one  of  which  Mr.  Boyle  kept  by  him, 
which  upon  a  little  friftion  would  attract 
very  vigoroufly. 

To  that  part  of  the  objedlion,  which  pre¬ 
tends  gems  not  to  be  digeftable  by  the  heat 
of  the  ftomach,  it  may  be  replied,  that  we 
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(i.)  0/  TRANSPARENT  STONES. 


franfparent  2.  Tranfparent  Stones ,  are  properly  enough  called  Gems ,  fo  as  to  conftitute 
gems.  a  Genus  y  thefe  nearly  refemble  glafs,  in  many  refpetfts  y  tho*  they  furpafs  it 

dflimty  with  in  hardnefs,  folidity,  fimplicity,  and  difficulty  of  fufion  by  the  fire.  They 
£  a's‘  feem  compofed  of  a  fine  perfect  kind  of  fait  and  earth  intimately  mix'd  ;  as 

glafs  is  of  fait  and  afhes  fufed  by  fire  (y ).  Thofe  gems  which  are  perfectly 
tranfparent,  without  any  mixture  of  colour,  come  the  neareft  to  glafs. 

3.  Cryftal,  feems  entitled  to  the  firft  place  in  this  clafs  ;  being  a  white,  pure, 
bright  ftone,  capable  of  cutting  glafs,  not  eafily  fufible  by  fire,  formed  by  a 
certain  diredion  and  concourfe  of  Radii ,  and  Strata  (z). 

4.  The  genuine  diamond  is  a  moft  pure,  hard,  folid,  tranfparent,  glitter¬ 
ing,  precious  ftone  ;  apparently  the  moft  perfect  of  all  the  gems  of  the  cryftal 

kind  ; 


Cryjlal. 


Diamond. 


do  not  know  how  far  the  digeftion  of  things 
in  the  ltomach  is  owing  to  heat.  Nor  is  it 
prov’d  that  fuch  materials  can  have  no  ope¬ 
ration  on  the  body,  without  being  digefted, 
i.  e.  in  palling  through  it  without  undergoing 
any  fenfible  change  of  bulk,  figure,  SAc.  as 
gems,  when  fwallow’d,  are  fuppofed  to  do. 
f'or  fome  chemifts  make  a  kind  of  bullets  of 
regulus  of  antimony,  which  they  call  pilule 
fcrpetuce,  becaufe  when  they  have  perform’d 
their  operation  in  the  body,  and  are  difcharg’d 
with  the  excrements,  they  may  be  ufed  again 
and  again  for  the  fame  purpofe.  Nor  do  we 
know  what  analogy  there  may  be  between 
fome  juices  in  the  body,  and  thofe  mineral 
parts  which  impregnate  gems :  for  though 
oculus  mundi  be  reckon’d  among  the  fare 
gems,  yet  if  one  of  the  bed  fort  be  for  a 
while  kept  in  common  water,  it  will  receive 
an  alteration  obvious  to  the  eye.  Add,  that 
Mr.  Boyle  has,  without  heat,  obtain’d  a  ma- 
nifeft  tinfture  from  feveral  hard  hodies,  and 
even  from  a  tranfparent  fort  of  gems.  And 
whether  fome  j  uices  of  the  body,  affifted  by 
the  natural  heat  thereof,  may  not  ferve  for 
menftrua  to  fome  gems,  v/e  will  not  fay :  but 
even  the  natural  heat  of  the  ftomach,  nay, 
perhaps,  of  the  external  parts  of  the  body, 
may  be  able,  though  not  to  digeft  precious 
ftones,  yet  to  fetch  out  fome  of  their  virtues : 
for  ’tis  certain,  it  makes  a  fenfible  alteration 
in  the  hardeft  fort  of  them:  witnefs  a  dia¬ 
mond  of  Mr.  Boyle's,  which  might  have  its 
eledtric  faculty  excited  without  rubbing,  only 
by  a  languid  degree  of  adventitious  heat ;  and 
another,  which,  by  means  of  water  made  a 
little  more  than  luke-warm,  might  be  brought 
to  fhine  in  the  dark. 

Lafily,  if  it  be  objected,  that  ’tis  not  likely 
gems  lhould  part  with  any  effluvia,  or  por¬ 


tions  of  themfelves,  as  they  lofe  none  of  their 
weight;  it  may  be  anfwer’d,  that  the  anti- 
monial  glafs  and  cup  communicate  a  ftrong 
emetic  quality  to  wine  and  other  liquors, 
without  differing  any  fenfible  diminution  of 
weight  *. 

(y)  This  refemblance  lhould  not  be  much 
depended  upon,  as  a  proof  that  gems  are  com¬ 
pofed  by  nature  after  the  manner  of  glafs, 
which  is  an  artificial  thing,  that  differs  in  fe¬ 
veral  refpedts  from  gems fome  of  which  ap¬ 
pear  plainly  flaky,  feel  foft  like  amber  be¬ 
twixt  the  teeth,  with  a  kind  of  toughnefs, 
and  both  pulverize  and  endure  the  fire,  in  a 
different  manner  from  glafs. 

(z)  Rock-cryftal  is  a  foft  tranfparent  gem, 
fomewhat  refembling  ice  ;  it  feems  to  ffioct 
or  grow  in  a  particular  figure,  after  the  man¬ 
ner  of  a  fait ;  being  hexagonal  in  the  middle, 
and  pyramidal  at  both  ends.  ’Tis  eafily  re¬ 
duc’d  to  powder,  efpecially  after  calcination, 
and  quenching  in  water  or  vinegar  ;  and  thus 
may  be  made  the  bafis  of  artificial  gems.  But 
the  art  of  making  them,  in  this  manner,  to 
perfection,  is  not  generally  known ;  though 
we  have  feen  fome,  little  inferior  to  natural 
ftones^  even  the  diamond  itfelf,  except  in 
hardnefs. 

Ifeland  cryftal  is  a  peculiar  fort,  confifting. 
of  cryitalline  plates,  join’d  together,  which 
may  be  eafily  feparated.  All  objects  feen 
through  this  cryftal  appear  double,  on  ac¬ 
count  of  the  double  refra&ion  of  the  rays  of 
light  f: 

A  third  kind  of  cryftal  is  that  mention’d 
by  Dr.  Lifter  in  the  philofophical  tranf- 
adtions ;  having  a  great  fmoothnefs,  tranfpa- 
rency  and  luftre,  nearly  refembling  the  dia¬ 
mond.  It  is  found  in  different  parts  of  Eng - 
land. 


*  See  Boyle  Ahr.  Vol.  HL  p.  99.  Sc  feq.  -f-  See  M.  Huygens ,  and  Sir  If.  Newton's  Optics. 
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kind  *,  excelling  all  bodies  in  the  vividity  of  its  refieding  of  light ;  and  en¬ 
during  the  fierceft  fire  for  a  very  long  time  without  melting  (a). 

5.  Baftard-diamonds,  or  Pfeudo- Adamant es ,  of  the  purer  kind,  approach  Ballard  dia- 

the  true  diamond  3  but  are  fofter,  lefs  folid  and  tranfparent  than  it.  mond- 

6.  The  white  faphir  is  akin  to  the  diamond.  The  fame  may  be  faid  of  White  faphir. 
the  oriental  amethyfi ,  which  is  colourlefs,  either  by  nature,  or  art.  And  the  Amethyjl. 
topaz,  and  chryfolite,  when  difcharged  of  their  colour,  approach  to  the  nature  Topaz. 

of  diamond  (b).  The  true  afiroites ,  which  in  the  fun-fhine  darts  rays  of  Chryfolite. 
light  from  a  certain  fix’d  point,  belongs  alfo  to  the  tranfparent  kind.  In  all  Aflrotteu 
thefe  the  value  rifes  in  proportion  to  their  degree  of  hardnefs,  folidity  and  Value /where* 
tranfparency.  >  on  depends. 

7.  Thofe  gems  which,  tho*  tranfparent,  are  tinged  with  fome  beautiful  co¬ 
lour,  approach  to  the  nature  of  the  former,  only  with  the  addition  of  fome 
metalline  pigment,  or  other  fix’d  foffil  body  ;  which  is  intimately  mix’d  and 
incorporated  with  them  in  their  firft  formation  :  as  may  be  gathered  from  the 
refemblance  of  colours,  as  well  as  from  the  manner  of  making  artificial  gems. 

8.  To  this  clafs  belong  the  amethyft,  beryl,  carbuncle,  chryfolite,  gra- 
nate,  hyacinth,  opal,  ruby,  faphir,  emerald,  topaz  \  likewife  all  colour’d 
cryftals.  And  the  value  of  thefe  alfo  depends  upon  their  degree  of  hardnefs,  Value,. 
folidity,  purity,  fimplicity,  and  brightnefs  of  colour  (c). 

‘  2. 


(a)  The  diamond  is  often  blemifh’d , 
with  white,  yellow,  or  black  fpots,  which 
greatly  diminifh  the  value ;  whence  various 
ways  have  been  tried  to  get  them  out.  They 
are  of  different  colours,  white,  yellowifh, 
bluifh,  reddifh,  &c.  Diamonds  confift  of 
cryftal  plates  or  lamina ,  fomewhat  in  the 
nature  of  Ifeland  cryftal  ;  fo  that  fkilful 
lapidaries  can  feparate  them  with  the  edge  of 
a  knife  *.  They  are  not  calcinable  by  com¬ 
mon  fire;  nor  in  the  focus  of  a  burning-glafs, 
if  only  the  plain  flat  furfaces  are  thus  expofed 
to  the  fun’s  rays  ;  but  if  the  edges  of  the  plates 
are  turn’d  to  the  rays,  they  fplit,  feparate, 
and  run  into  a  kind  of  glafs,  which  has  not 
the  luftre  of  a  diamond.  They  are  chiefly 
found  in  the  Eajl-lndies  and  Brazil.  The 
manner  of  making  artificial  diamonds  at  Paris 
deferves  to  be  enquired  into. 

[b)  The  faphir  comes  neareft  to  the  dia¬ 
mond  in  hardnefs,  fplendor,  and  tranfpa¬ 
rency.  It  is  of  tw'o  kinds,  the  one  pale,  call’d 
the  female  faphir,  the  other  blue,  or  fky- 
coloured,  with  a  reddifh,  or  purple  refrac¬ 
tion,  called  the  male.  Saphires  are  brought 
from  different  parts  of  the  Baft -Indies,  and 
are  thence  called  Oriental  faphires  :  others 
are  found  in  Silejia  and  Bohemia  ;  and  are 
called  Occidental.  The  colour  of  the  blue 
faphires  may  be  difcharg’d  by  fire,  fo  as  to 
leave  the  ftone  like  a  diamond. 


A Jhort  account  of  the  more  curious  tranfparent - 
coloured  gems. 

(<r)  The  ruby  is  a  bright,  tranfparent,  ruddy 
gem,  of  confiderable  hardnefs.  It  is  of  four 
kinds,  differing  in  degree  of  rednefsv  viz. 
(1)  the  true  ruby,  or  carbuncle;  (2)  the  ba~ 
lajius,  having  but  a  faint  rednefs ;  (3)  the 
rubicullus,  of  a  degree  of  rednefs  betwixt  the 
former  two  ;  and  (4)  the  fponalcus,  which  is 
fofter,  and  lefs  refplendent  than  the  true  ruby. 
The  beft  are  found  in  the  ifland  Ceylon.  Some 
pretend  to  have  extrafted  tindlures  from  them ; 
though  we  apprehend  the  proofs  are  not  clear 
and  diredl. 

The  emerald  is  a  beautifully  green,  tranf¬ 
parent,  glittering  gem,  but  considerably  brittle, 
fo  as  fometimes  to  crack  fpontaneoufly  ;  which 
has  given  occafion  to  feveral  conceits.  It  is 
either  oriental,  or  occidental ;  the  oriental  is 
by  much  the  beft.  The  other,  which  comes 
from  Peru ,  has  neither  the  fame  luftre,  nor 
clearnefs.  It  is  remarkable,  that  the  pow¬ 
der  of  this  gem,  being  thrown  upon  a  clear 
fire,  yields  a  fubtile  blue  flame,  and  lofes  its 
colour  ;  whence  one  might  fufpett  the  ftone 
to  be  tinged  with  copper,  or  a  fine  metallic 
fulphur.  This  may  afford  a  hint  for  enquiry, 
whether  (1)  the  coloured  gems  are  not  ftain  d 
with  metallic  particles  ?  (2)  whether  they  do 
not  confift  of  two  parts,  viz.  one  that  is  cry- 
ftalline  and  fix’d,  and  another  that  is  fulphu- 
R  2  reous 


*  See  Boyle  Abr .  Vol.  III.  p.  144.  &  feq. 
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(2.)  Of  SEMI-TRANSPARENT  STONES. 

Semi-tranfpa-  i.  Between  gems  and  opake  ftones  we  find  an  intermediate  kind,  which. 
rent.  may  be  called  femi-tranfparent ;  as  being  of  a  more  compound  nature  than 

the  former. 

2.  The  chief  among  thefe  are  the  agate,  fand,  another  fort  of  AJiroites ,  the 
true  Armenian  ftone,  the  toad- ftone,  the  cornelian,  chalcedony,  heliotrope, 
or  true  oriental  jafper,  true  Lapis  Lazuli ,  Lapis  Nephriticus ,  Leucophthal- 
mus ,  Melacbites ,  0#j)w,  Sardius ,  Sardonyx ,  Selenites ,  and  Lurquois  j  which 
are  found  different  in  degree  of  opacity  (d).  The  qualities  which  give  the 
value  to  thefe,  are  alfo  folidity,  hardnefs,  tranfparency,  and  beauty  of 
colour. 

(3.)  0/  OPAKE  STONES. 

1.  The  other  ftones  are  of  the  opake  kind,  as  the  eagle-ftone,  alabaftetv 
AJbejios ,  Belemnites ,  Gypfum,  Hematites,  jafper,  jews-ftone,  touch-ftone,. 
load-ftone,  marble,  whether  white,  afh- colour’d,  yellow,  brown,  or  black, 
porphire  both  red  and  green,  Ophitesr  Ofieocolla,  pumice,  lime-ftone,  whet- 
ftone,  mill-ftone,  flint,  Lapis  Specularisy  emery,  talc  and  tripoli.  Among 

which 


reous  and  volatile?  and  (3)  whetherthe  co¬ 
lour’d  gems  may  not  have  fome  medicinal 
virtue,  different  from  their  abforbingquality? 

The  amethyjl  is  a  tranfparent  gem,  of  a 
violet  colour,  betwixt  red  and  blue,  but  not 
very  vivid :  this  alfo  is  fomewhat  brittle,  apt 
to  crack,  and  receive  fcratches  in  the  wear¬ 
ing  :  whence  it  is  not  highly  priz’d.  Some 
pretend  to  extradl  a  tindlure  from  it  ?  but  we 
fhould  remember  that  certain  menltruums 
will  acquire  a  colour,  by  Handing  in  the  con¬ 
taining  glafs,  without  coming  in  contadt  with 
any  other  fenfible  body. 

The  topaz  was  the  chryfolithos  of  the  an¬ 
cients,  being  a  tranfparent  gem,  of  a  (hining 
gold-colour  ;  the  oriental  are  very  hard,  and 
of  a  beautiful  colour,  but  the  European  are 
foulifh,  and  foft  like  cryflal. 

The  opal  is  a  beautiful  gem,  exhibiting  a 
great  variety  of  colours,  according  to  the  dif¬ 
ferent  refrangibility  of  the  rays  of  light ;  and 
thus  befides  white  and  black,  it  appears  ei¬ 
ther  blue,  purple,  green,  yellow,  or  red. 
The  belt  opals  come  from  India ,  the  ordinary 
fort  from  Egypt ,  Hungary ,  Denmark,  Sec. 
They  are  found  to  grow  in  a  foft  ftone, 
mark’d  with  blackifh  lines. 

The  hyacinth ,  or  jacinth,  is  a  yellowifh-red 
gem,  differing  in  degrees  of  colour  ;  fome  be¬ 
ing  red  as  cinnabar,  others  the  colour  of  faf- 
fron,  and  others  of  yellow  amber,  isle,  which 
are  lefs  efteem’d.  The  occidental  are  better 
than  thofe  of  Silejia ,  Bohemia ,  or  Francs . 


Th echryfolite  is  a  green-colour’d  gem,  fainter 
than  the  emerald,  and  with  a  caft  of  yellow, 
fo  as  fometimes  to  appear  reddifh.  It  is  fo- 
foft,  that  it  yields  to  the  file. 

But  for  a  further  account  of  gems,  fee  de 
Boot,  Mr.  Boyle,  and  Dr.  Wood-ward. 

A Jhort  account  of  the  more  cur  tout  femi- 
tranfparent  fiones. 

(, d)  The  Armenian  ftone  is  of  a  blue' colour, 
fomewhat  opake,  brittle,  fpeckled,  or  mar¬ 
bled,  with  blackifh  and  gold-colour’d  fpots, 
like  the  lapis  lazuli ,  which  differs  little  from 
it ;  and  they  are  often  found  together  in  the 
fame  matrix,  and  ufed  indiferiminately  for 
each  other.  The  painters  employ  it  as  a  fine 
blue. 

The  lapis  lazuli,  or  azure  ftone,  is  anatmoft 
opake,  hard,  blue  ftone,  full  of  veins,  and 
fpots  of  gold  and  filver.  It  is  of  two  forts, 
oriental  or  occidental the  firft  is  the  fineft, 
and  affords  the  ultramarine,  whjch  never 
changes  its  colour,  whereas  the  German  fort 
is  apt  to  turn  green  in  painting.  The  beft  is 
that  of  a  deep  blue  colour,  fpeckled  with  gold, 
hard  to  break,  and  capable  of  enduring  the 
fire  without  alteration. 

The  onyx  among  the  jewellers  is  the  Arabian 
fardonyx,  an  opake  ltone,  wherein  a  black, 
or  dark  blue  ground,  is  encompafs’d  by  a 
white  circle.  There  is  alfo  a  tranfparent  o- 
nyx,  refembling  the  colour  of  a  man’s  nail  1 
from  whence  the  name  appears  to  proceed. 
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which  there  is  a  diverfity  of  nature,  as  fome  are  more  difpofed  to  turn  to 
glafs,  and  others  to  a  very  fix’d  Calx  in  the  fire  (e). 

Of 


Of  the  origin  and  growth  of ft  ones. 

[e)  The  origin  of  ftones  is  a  point  of  cu¬ 
rious  enquiry,  and  has  accordingly  been  pro- 
fecuted  by  fome  of  our  later  naturalifts.  Boyle, 
Pournefort,  and  Geoffroy,  have  diftinguiifh’d 
themfelves  in  this  refearch. 

M.  Pournefort  deduces  ftones,  and  other  of 
the  foftil  tribe,  ab  ovo.  Nature,  according 
to  him,  obferves  one  general  law  in  the  pro¬ 
duction  of  plants,  ftones,  and  metals,  which 
all  equally  arife  from  their  feveral  feeds,  and 
grow  alike.  This  fentiment  indeed  is  not 
quite  new :  Pliny  aflures  as  that  Mutianus  and 
Pheopbraftus  maintain’d  that  ftones  produced 
ftones.  But  M.  Pour ne fort  fets  the  fyftem  in  a 
new  light,  and  fupports  it  by  arguments  they 
were  ftrangers  to.  In  the  walls  of  the  laby¬ 
rinth  of  Crete,  which  are  of  living  rock,  a 
great  number  of  names  have  been  cut  by  per- 
fons  who  have  vifited  the  fame ;  which  names, 
tho’  originally  dented,  or  in  crcux,  are  now 
found  in  baflo-relievo,  handing  out  of  an 
inch  from  the  face  of  the  rock.  Now  this, 
he  argues,  could  not  otherwife  happen  than 
by  fuppofing  the  dents'  gradually  filled  up 
with  fome  matter  ouzing  out  of  the  rock,  and 
which  even  ouzed  more  plentifully  than  was 
neceflary  for  filling  the  cavity.  This  matter, 
therefore,  mull  have  come  from  the  body  of 
the  ftone,  and  have  confolidated,  or  healed 
up  the  wound  made  by  the  knife  or  chiftel, 
as  the  callus  form’d  on  a  fraftur’d  bone  by 
the  extra vafated  nutritious  juice  of  the  bone 
fills  up  the  frafture,  and  rifes  beyond  the  fur- 
face  of  the  bone.  The  like  is  obferved  in  the 
barks  of  trees,  cut  in  the  fame  manner.  Laftly, 
the  like  confolidations  were  {hewn  by  M. 
Pournefort  to  the  royal  academy,  in  other 
ftones,  as  the  atites,  or  eagle’s  ftone,  and 
fome  others  frelh  dug  up.  From  the  whole 
he  concludes,  that  ftones  grow  in  the  quarry; 
that,  of  confequence  they  are  fed ;  and  that 
the  fame  juice  which  feeds  them,  ferves  to 
rejoin  their  parts  when  broken  ;  and,  in  a 
word,  that  they  are  organiz’d,  and  draw  their 
nutritious  juice  from  the  earth,  thro’  their 
furface,  which  filters  it,  and  ferves  as  a  fort 
of  bark.  The  progress  and  diftribution  of 
fiuch  juice  thro’  all  parts  of  fo  hard  a  body, 
he  adds,  is  difficult  to  conceive  ;  but  not  more 
fo  than  that  of  the  juice  of  fome  trees  of  very 
hard  wood,  as  that  of  Brajil ,  called  iron-wood, 
that  of  ebony,  or  even  coral,  which  all  allow 
to  be  a  plant.. 

*  Bkmoir.  de  lAcad -  an.  iy©3» 


Having  found  that  fome  ftones  grow  like 
plants,  the  analogy  led  M.  Pournefort  to  ima¬ 
gine  they  might  be  propagated  alike ;  and 
there  are  fome  forts,  whofe  generation  can 
fcarce  be  accounted  for  without  fuppofing; 
them  to  have  arofe  from  a  fort  of  feed,  i.  e. 
from  a  germ,  wherein  the  organical  parts  of 
fuch  ftones  were  contain’d  in  little  ;  as  thofe 
of  the  largeft  plants  are  in  their  feeds.  The 
cornua  Ammonis ,  lapis  J udaicus,  aftroites,  en- 
trochi ,  toad-ftone,  cryftals,  the  feveral  fpecies 
of  pyrites,  fea-mulh rooms,  and  infinite  others, 
fuppofe  their  particular  feeds,  as  much  as 
common  mufhrooms,  truffles,  and  divers  fpe¬ 
cies  of  mofs  do,  whofe  feeds  were  never  yet 
difeover’d. 

The  cornua  Ammonis ,  for  inftance,  is  con- 
ftantly  in  form  of  a  volute,  and  the  lapis  Ju- 
daicus  of  an  olive  fluted  without  fide  :  now, 
whence  this  uniform  ftrufture,  unlefs  from  a 
feed  containing  it  in  embryo  ?  Who  moulded 
it  fo  accurately ;  and  where  are  the  moulds 
it  was  fafhion’d  in  f  Nothing  like  them  ever 
was  found,  even  where  the  ftones  are  in  great- 
eft  abundance.  Boot,  after  numerous  enqui¬ 
ries  about  the  regular  figure  affedled  by  cry¬ 
ftals,  concludes,  it  is  as  natural  thereto  as 
that  of  the  leaves  and  flowers  of  any  plant j, 
and  aferibes  the  whole  to  an  architectonic  fpi- 
rit,  and  a  kind  of  faculty,  which  he  calls  forma- 
trix.  But  is  it  not  better  to  fuppofe  they 
have  a  kind  of  eggs  and  that  the  juice  they 
derive  from  the  rocks  to  which  they  grow, 
dees,  as  it  were,  hatch,  and  extend  them  to 
their  deftin’d  bulk  ?  Laftly,  that  immenfe 
quantity  of  round  pebbles,  wherewith  th£ 
Crau  of  Arles  is  cover’d,  for  feventy  miles 
round,  feetns  to  require  the  fame  origin  ;  and 
accordingly.  Fab.  de  Pierefc,  who  held  that 
ftones  arofe  from  feeds,  though  in  a  different 
manner  from  M.  Pournefort,  look’d  on  this 
plain  as  a  convincing  proof  of  his  opinion  *. 

But  this  doftrine  feems,  in  good  meafure, 
obviated  by  Mr.  Boyle,  who  undertakes  to 
prove,  that  gems,  •  in  particular,  were  origi¬ 
nally  in  a  ftate  of  fluidity.  This  he  argues 
from  a  great  number  of  confld.erations :  as 
(i)  The  tranfparency  of  thofe  ftone.-;  which 
is  a  quality  depending  on  fuch  an  order  of 
the  conftituent  particles,  as  cannot  well  arife 
without  fuppofing  them  originally  capable  of 
being  moved  with  the  fmallelt  impulfe,  and. 
of  giving  way  to  the  rays  of  light.  (2)  The 
fgure,  which  in  many  is  determinate,  and. 

geometrical. 


I  2  6 

Characters  of 
earth. 

Boles. 
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Of  E  A  R  T  H  S. 

To  this  laft  clafs  we  fubjcin  earths  “  which  are  native  foffils,  ufually  fomewhat 
cc  un&uous,  fo  that  when  mixed  up  with  water,  they  may  be  wrought  into  a 
iC  pafte,  and  hence  denominated  boles,  but  not  foluble  either  by  water  or 
“  tire.”  Such  are  Argill ,  or  white  clay,  Axungia  Terr 4?,  or  Axungia  Luna , 

Cimolia , 


geometrical,  bearing  a  near  analogy  to  the 
cryflals  which  we  fee  arife  from  the  diflolu- 
tions  of  nitre,  alum,  vitriol,  or  the  like  in 
water.  (3)  The  texture ,  which  nearly  re- 
fembl.es  that  of  feveral  coagulations  of  bodies 
formerly  fluid.  Thus,  diffolved  falts,  filver, 
&c.  are  found  to  coagulate  into  mattes  of  a 
thin  flaky  contexture;  and  the  like  texture. 
Mr.  Boyle  has  obferved  in  divers  gems,  which, 
even  to  the  naked  eye,  have  appear’d  full  of 
parallel  commiffures,  made  by  the  contiguous 
edges  of  little  thin  plates  of  Hone,  lying  one 
over  another,  like  the  leaves  of  a  book  a 
little  open’d.  Add,  that  the  microfcope  dif- 
covers  a  parallel  HruCture,  even  in  the  mofl 
compaft  of  all,  the  diamond ;  whence  pro¬ 
ceeds  what  they  call  .the  grain  of  thofe  Hones, 
and  the  difficulty,  nay  impoffibility  of  cleav¬ 
ing  them  againlt  this  grain  without  break¬ 
ing.  (4)  The  colours  of  many  of  them  ap¬ 
pearing  to  be  adventitious,  and  deriv’d  from 
fome  tinging  mineral,  which  could  not  be 
fo  well  imparted  to  them,  unlefs  in  a  Hate  of 
fluidity.  Accordingly,  many  gems  have  been 
depriv’d  of  their  colour,  by  continuing  long 
in  the  fire  ;  and  the  experienced  Boot  affirms, 
that  this  will  hold  of  all  gems,  except  the 
Bohemian  granat.  Hence  it  is  that  the  fire 
alters  the  colours  of  many  gems,  after  the 
fame  manner  as  it  does  thole  of  divers  foffil 
pigments.  Add,  that  fome  gems,  which  the 
lapidaries,  without  fcruple,  affirm  to  be  of 
the  clafs  of  rubies,  faphires,  &c.  are  either 
colourlefs,  or  have  different  colours  from  thofe 
which  ufually  belong  to  them.  (5)  From 
heterogeneous  matters  being  frequently  found 
inclos’d  in  folid  gems ;  particularly  flies,  ftraws, 
grafhoppers,  drops  of  liquor,  Cf f c. 

The  fluid  ftate  of  Hones  then  feems  almoH 
inconteflable  :  and  accordingly  M.  Tournefort 
himfelf  is  forced  to  allow  of  it  in  fome  cafes. 
He  even  makes  ufe  of  the  notion,  to  account 
for  the  formation  of  divers  uniformly  figur’d 
Hones,  as  the  fpecies  of  pechtinites,  cone  bites, 
mytulites,  ofracites,  nautilites,  echinites,  & c. 
The  fluid  feeds  of  thefe  Hones  he  fuppofes 
to  have  been  received  into  the  cavities  of 
their  correfponding  fhells,  the  petten,  con¬ 
cha,  mytulus,  ofirea,  nautilus,  echinus.  Sec. 
and  thus  moulded  into  the  figures  wherein 


we  fee  them.  Nor  does  Mr.  Boyle  himfelf 
confider  the  liquidity  of  Hones  as  inconflflent 
with  their  arifing  from  a  femen  :  If  there  he  a 
feminal  and  plajiic  power,  fays  he,  in  fones, 
why  may  it  not  be  harbour'd  in  liquid  princi¬ 
ples  ;  when  we  fee  that  the  feed  of  animals , 
from  which  arife  hard  folid  bones ,  is  at  frf  a 
fuid ?  In  reality,  a  feed  may  be  contain’d  in 
a  fluid  vehicle  ;  which  we  fuppofe  is  the  cafe 
in  animals :  but  the  proper  feed,  or  flamen 
itfelf,  mufl  inevitably  be  a  folid,  according  to 
the  notion  of  a  feed,  which  is  nothing  but  a 
little  organiz’d  body,  wherein  all  the  parts  of 
the  future  production  are  contain’d  in  fmall  ; 
the  production  itfelf  is  only  the  feed  enlarged, 
fo  as  to  fhew  its  feveral  parts  to  the  eye.  But 
fluidity  is  inconflflent  with  any  fuch  organi¬ 
zation. 

Monf.  Geoffrey  fuppofes,  that  earth  alone, 
without  any  other  mixture  of  falts,  fulphurs, 
or  the  like,  is  the  bafis  of  Hones,  and  the 
only  matter  neceffary  to  their  formation  ;  i.  e. 
the  earth  may  be  mix’d  with  falts  and  ful¬ 
phurs,  as  we  find  it  is  in  many  Hones,  but 
this  is  not  abfolutely  required ;  ’tis  only  by 
accident  that  it  does  happen,  and  there  are 
other  Hones  without  any  at  all  ;  as  the  com¬ 
mon  Hones  of  quarries,  white  flints,  Cf fc. 

Earth,  according  to  this  philofopher,  con- 
fifls  of  two  kinds  of  primitive  parts  ;  the  one 
in  very  thin  equable  plates,  the  other  in  all 
kinds  of  irregular  figures.  When  the  parts 
of  the  frf  kind  meet  together  in  a  fufficient 
quantity,  the  regularity  and  equality  of  their 
figures,  determines  them  to  range  themfelves 
in  a  regular  and  limilar  manner,  and  thus  to 
form  a  homogeneous  compound,  which,  at 
the  fame  time,  mufl  be  very  hard,  on  account 
of  the  immediate  contaft  of  its  parts,  and 
tranfparent,  by  reafon  of  their  regular  difpo- 
fition,  which  leaves  a  free  pafiage  for  the  light 
every  way  :  and  this  is  cryfal ;  which  accor¬ 
dingly  is  look’d  upon  as  the  mofl  Ample,  pure, 
and  homogeneous  of  all  precious  Hones.  As 
to  the  terreflrial  parts  of  the  fecond  kind,  they 
can  only  form  opake  and  fofter  aflemblages. 
Cryflals,  therefore,  being  alone  form’d  of 
the  parts  of  the  firfl  kind,  all  other  Hones 
mufl  arife  from  a  mixture  of  both.  Thofe  of 
the  firft  unite  and  bind  together  thofe  of  the 

fecond ; 
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Cimolia ,  fullers-earth,  boles  white  and  Armenian  j  the  Chian ,  Eretrian ,  Lem- 
nian  and  Maltefe  earths  ;  ruddle  ;  Samian ,  Selinnfian ,  Locavian ,  and  all  the 
feal’d  earths.  But  there  are  others  of  a  dryer,  and  leaner  kind  ;  as  chalk. 


ochre,  and  marl  (/). 

fecond  ;  (which  without  them  would  be  no 
more  than  fand  or  dull;)  and  give  them  hard- 
nefs  and  confluence. 

To  explain  this,  he  obferves,  that  water  is 
a  proper  vehicle  for  the  conveyance  of  the  ter- 
reltrial  parts  of  the  flrft  kind  ;  as  petrifying 
waters  line  the  pipes  they  run  thro’,  or  cafe 
over  other  bodies  laid  in  them  with  a  cruft  of 
ftone.  Stri&ly  fpeaking,  the  water  does  not 
difiolve  thefe  earthy  parts  :  it  only  keeps 
them  in  fufton,  as  it  does  the  juice  of  many 
forts  of  plants.  From  this  refemblance,  he 
calls  thefe  parts  the  cryftalline ,  or  ftony  juice. 

This  juice  is  more  heavy  and  fix’d  than 
water ;  and  confequently  does  not  evaporate 
with  it,  but  is  left  behind  ;  and  thus  is  the 
formation  of  cryftal,  perfectly  like  that  of 
the  cryftals  of  falts.  For  thefe  cryftals  only 
arife  with  thofe  regular  figures  they  affett,  as 
when  a  water  impregnated  with  falts  is  flowly 
evaporated  in  a  moift  place  :  the  evaporation 
of  the  water  is  neceflary,  that  it  may  not 
keep  the  falts  too  far  afunder  ;  and  the  ilow- 
nefs  of  the  evaporation,  that  the  falts  may 
have  time  to  take  that  arrangement,  which 
agrees  belt  with  their  refpedtive  figures.  The 
application  of  this  to  rock- cryftal  is  obvious  : 
there  needs  but  to  conceive  that  a  water, 
charg’d  with  a  quantity  of  cryftalline  juice, 
had  infinuated  itfelf  thro’  the  clefts  of  fome 
rock,  and  fallen  to  the  bottom  of  a  grott, 
where  the  aqueous  part  gradually  evaporated. 

It  muft  be  confider’d,  that  this  cryftalline 
juice  is  not  equally  diffufed  in  all  parts  of  the 
earth,  fo  that  rock-cryftal  would  not  arife  in 
all  places,  even  fetting  afide  the  neceflity  of 
other  concurrent  circumftances,  which  do  not 
often  meet.  If  the  water  impregnated  with 
this  cryftalline  juice  happen  to  penetrate  a 
mafs  of  earth,  which  is  the  molt  ufual  cafe, 
it  will  conned,  or  bind  together  the  parts 
thereof,  by  means  of  this  juice;  and  after¬ 
wards,  in  proportion  as  the  watery  part  eva¬ 
porates,  the  compound  will  grow  harder, 
and  at  laft  become  ftone.  Add,  that  it  will 
approach  nearer  to  the  nature  of  cryftal,  i.  e.- 
will  be  more  hard  and  tranfparent,  according 
as  the  quantity  of  that  juice  is  greater  ;  and 
at  the  fame  time  of  a  finer  grain,  according  as 
the  molecules  of  the  earth  are  fmaller  and 
more  homogeneous.  Of  this  kind  are  marbles 
and  alabafters,  in  fome  of  which  one  may 
difcern  veins  or  threads,  as  tranfparent  as.  if 
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they  were  wholly  cryftal.  The  ftones  molt 
oppofite  hereto,  and  moll  imperfed,  are  chalk 
and  boles  ;  which  are  little  elfe  but  earth  ill 
bound  together,  with  a  very  fmall  quantity 
of  cryftalline  juice;  which  leaves  them  ftill 
friable.  ’Tis  eafy  to  imagine  infinite  degrees 
between  thefe. 

The  particular  circumftances  which  attend 
the  formation  of  ftones,  vary  the  effed  of 
thefe  general  principles  divers  ways.  For  in- 
ftance,  if  a  portion  of  this  cryftalline  juice,  - 
diluted  in  water,  chance  to  be  furrounded 
with  earth,  and  the  juice  be  notin  quantity 
fufficient  to  petrify  the  whole  earth,  as  fall 
as  the  water  evaporates  ;  there  will  arife  a 
mafs,  partly  cryftalline  and  tranfparent,  and 
partly  opake,  diflimilar,  and  earthy.  If  the 
fame  cryftalline  juice  be  in  the  middle  of  the 
mafs,  only  the  middle  will  be  tranfparent, 
and  cover’d  over  with  an  opake  cruft.  Such 
are  agats,  iffc.  On  the  contrary,  if  the  cry¬ 
ftalline  juice  be,  by  any  caufe  whatever,- 
driven  from  the  centre  toward  the  circumfe¬ 
rence,  there  will  he  a  pure  earth  in  the  mid¬ 
dle  of  a  ftone,  tolerably  tranfparent :  fuch  are 
feveral  flints,  iff  c. 

Natural  hiftory  of  fand. 

(f)  Sands  are  properly  little  cryftals,  or 
femi- tranfparent  pebbles,  that  by  the  additiotr 
of  a  fix'd  ale  aline  fait  are  fujible  and  conver¬ 
tible  into  glafs ;  and  therefore  to  be  compre¬ 
hended  under  femi-epake  ftones. 

’  F is  the  charader  of  fand  to  be  indifloluble, 
and  retain  its  figure  in  water,  and  not  to  be 
calculable  by  fire,  as  flint  and  other  ftones 
are ;  and  yet  it  agrees  with  flint  and  fome 
metals  in  ftriking  fire  with  lteel ;  though  this 
only  holds  of  the  proper  or  mountain  fand  ;  a 
great  part  of  what  commonly  pafles  for  fand, 
being  not  originally  fuch,  but  only  a  dull  or 
powder,  ground  or  broke  off  other  ftones  by 
attrition  ;  and  called  fand  from  the  fmallnefs,  ■ 
little  cohefion,  and  drynefs  of  the  grains. 
Dr.  Lifter  obferves,  that  the  real  fand  is  of  a 
conftant  figure,  and  always  preferves  its  ori¬ 
ginal  magnitude  ;  and  from  the  great  hard- 
nefs,  durablenefs,  and  unalterable  quality  of 
this  foffil  above  all  others,  together  with  fome 
other  confiderations,  concludes  it  to  have  an¬ 
ciently  been  the  exterior,  and  molt  general 
cover  of  the  furface  of  the  whole  earth.  He 
divides  the  Englijh  fands  into  two  claflbs '.  the 
firft,  Jharp  or  rag-Jand,  confifting  of  fmall  i 
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Of  S  E  M  I-M  E  T  A  L  S. 


Semi  metals , 
their  charac¬ 
ter. 


i.  The  feventh  clafs  of  foflils,  comprehends  thofe  which  either  contain  the 
known,  true  metals,  or  elfe  bodies  fo  near  akin  thereto,  that  they  may  almoft 

pafs 


tranfparent  pebbles,  naturally  found  on  the 
mountains,  and  not  calcinable  ;  and  thefe  he 
further  divides  into  fine  and  toarfie ;  fubdivi- 
ding  each  according  to  their  colours,  into 
white,  grey,  reddifh,  brown,  &c.  The  fe- 
cond,  foft  or  fmooth  ;  which  he  fubdivides 
into  one  with  fiat  particles,  broke  from  lime- 
ftones ;  another  with fil-ver-like  particles,  and 
a  third  with  gold-like  particles  *. 

It  feems  to  be  the  office  of  fand  to  make 
un&uous  earths  fertile,  and  fit  to  fupport  ve¬ 
getables,  &c.  For  earth  alone,  we  find,  is 
liable  to  coalefce,  and  gather  into  a  hard, 
coherent  mafs,  as  appears  in  clay  ;  and  being 
thus  imbodied,  and  as  it  were  glued  toge¬ 
ther,  is  no  way  difpofed  to  nouriih  vegeta¬ 
bles,  But  if  fuch  earth  be  mix’d  with  fand, 
its  pores  are  thereby  kept  open,  and  the 
earth  itfelf  loofe,  fo  as  thus  to  give  room 
for  the  juices  to  afcend,  and  for  plants  to 
be  nourifhed  thereby.  A  vegetable  planted 
only  either  in  fand,  or  in  a  fat  glebe,  or  in 
earth,  receives  little  growth  or  increafe;  but 
a  mixture  of  both  renders  the  mafs  fertile. 
In  effeft,  earth  is  in  fome  meafure  made  or- 
ganical  by  means  of  fand  ;  pores  and  fpaces 
fomething  analogous  to  veffels,  being  hereby 
maintain’d,  by  which  the  juices  may  be  con¬ 
vey’d,  prepared,  digefted,  circulated,  and  at 
length  difcharged  ;  as  will  hereafter  be  fhewn 
in  treating  of  vegetables. 

Hifiory  of  earths. 

Earth  is  an  injipid,  opake,fojfil body,  indijfiolu- 
ble  by  fire ,  water  or  air,  more  fujible  than  fione, 
fill  friable ,  and  ufiually  fomeavhat  unctuous. 
Earths  are  divided  into  fimple  or  immutable, 
and  compound ;  tho’  perhaps  there  is  no  fuch 
thing  as  aft rittly fimple  earth;  Mr.  Boyle  hav¬ 
ing  obferved  that  neither  nature  nor  art  appears 
to  afford  any  elementary  earth  ;  at  leaft  fome 
which  feem  of  the  fimpleft  forts  are  found 
upon  examination  to  have  qualities  not  af- 
crib’d  to  pure  earth  f. 

To  the  firft  kind  are  reducible  chalk,  which 
is  the  fimpleft  and  dried;  of  all  earths ,  as  hav¬ 
ing  no  difcernible  fatnefs  at  all,  and  appears 
to  be  denfe  and  brittle,  readily  ftains  the  fin¬ 
gers,  and  dicks  to  the  tongue  without  any  a- 
Itringency.  Different  kinds  of  earth  come 
under  the  denomination  of  chalk ;  among 
which  thofe  ufed  in  phyficare  the  white  chalk 
and  red  oker.  The  bed  white  chalk  called 


terra  Cretica,  was  formerly  brought  from  the 
ifland  of  Crete ;  but  is  now  found  in  feveral 
other  countries.  It  drinks  up,  and  ferments 
with  acids ;  and  is  therefore  fuccefsfully  ufed 
in  acidities  of  the  firft  paffages,  and  particu¬ 
larly  in  the  heart-burn  ;  it  l'oftens  the  acri¬ 
mony  of  the  fluids,  and  checks  the  violent 
motion  of  the  bile,  and  confequently  proves 

of  fervice  in  fome  kinds  of  fluxes. - Under 

this  fpecies  of  earths  pumice,  rotten-fione.  See. 
may  be  comprehended. 

The  fecond,  or  the  compound  kind  of 
earths  take  in  the  different  boles,  as  the  red, 
white,  and  brown  ;  moft  clays ;  efpecially  all 
the  fat  ones,  which  are  wrought  up  and  dried 
into  potter’s  ware  ;  fullers-earth  ;  the  feveral 
kinds  of  medicinal  earths,  and  fome  marls. 

Bole  is  a  ponderous  different-colour’d  earth, 
fatter  than  marl,  but  lefs  fat  than  clay,  fome- 
what  foluble  in  the  mouth,  of  a  rough  tafte, 
and  ftains  the  fingers.  Only  the  Armenian 
and  common  bole  are  employ’d  for  medicinal 
purpofes  ;  being  accounted  aftringents  and 
foftners  of  acrimony,  when  internally  given  ; 
and  drying  and  aftringent  in  outward  appli¬ 
cation. 

Clay  is  a  ponderous,  denfe,  fat,  vifeid,  and 
fiippery  earth  ;  and  being  held  for  fome  time 
in  the  mouth,  leaves  an  impreffion  on  the 
tongue,  fomething  between  that  of  foap  and 
fat.  When  frefh  dug,  it  may  be  moulded  into 
any  figure,  like  foft  wax  ;  and  by  fire  be 
changed  to  a  ftony  hardnefs.  The  fpecies  of 
clay  are  almoft  numberlefs  ;  feveral  of  which 
fhould  feem  to  deferve  the  title  of  fimple 
earths ;  tho’  on  a  ftridt  examen  they  appear 
very  compound.  Thus  Mr.  Boyle  thinks  to¬ 
bacco-pipe  clay,  by  reafon  of  its  fixity,  white- 
nefs,  and  infipidity,  may  with  almoft  as  much 
probability,  be  accounted  elementary,  as  any 
other  native  earth  ;  and  yet  tobacco-pipes 
well  baked,  may  fometimes  be  made  to  itrike 
fire ;  and  we  have  frequently  found,  that  two 
pieces  of  new  tobacco-pipe,  being  brifkly 
rubb’d  together,  would  in  a  minute  or  two 
grow  warm,  and  being  immediately  fmelt  to, 
manifeltly  afford  a  rank  feent,  between  ful- 
phurous  and  bituminous  ;  almoft  like  that 
which  proceeds  from  pebbles  and  flints  rubb’d 
hard  againlt  each  other ;  as  if  tobacco-pipeclay 
were  not  a  true  earth,  but  a  fine  white  fand, 
confiding  of  grains  too  fmall  to  be  diftinftly 

feen. 

•f  See  Boyle  Abr.  Vol.  III.  p.452. 


*  See  Phil.  Tranfatt.  N°.  164. 
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pafs  for  the  fame  ;  nay,  and  by  good  authors  are  referred  thereto.  The  lead 
compound  of  thefe  may  be  properly  reduced  to  three  kinds.  Semi-metals  Species. 
compofed  of  a  true  metal  combined  with  a  fait ;  which  are  ufually'  known  by  Vitriols. 
the  names  of  Atramenta  Sutoria  •,  Chalcantha  ;  and  vitriols.  Thefe  again  are  Atramenta 
of  two  kinds  :  fome  wherein  the  ingredient-metal  is  iron,  diftinguifhabie  by  futoria. 
their  green  colour  *,  others  whofe  ingredient  metal  is  copper,  remarkable  for  Chalcantha. 
their  beautiful  blue  colour.  For  the  other  metals,  it  does  not  appear  they  uti-  From  iron' 
dergo  any  diflolution  in  mines ;  as  their  folvents,  being  the  acid  fpirits  of  From  C0PPer° 
nitre,  or  fea-falt,  are  rarely  met  with  there.  Whence  we  fcarce  find  any  fuch 
thing  as  diflolved  or  concrete  juices  of  gold,  filver,  mercury,  lead  or  tin,  and 
never  in  any  large  quantity.  *Tis  true  the  metalline  part  of  lead  may  be  dif- 
folved  by  a  weak  acid  ;  but  then  it  is  fcarce  reducible  into  cryftals:  inftead  of 
which,  letting  go  its  acid,  it  immediately  turns  into  powder  of  cerufs  :  and 
the  fame  holds  true  of  tin. 

2.  All  foffil  vitriols,  therefore,  hitherto  difcovered,  confift  either  of  iron 
or  copper.  Not  but  the  fmall  fragments  or  duft  of  other  metals  may  chance 
to  be  mixed  with  vitriol,  when  in  a  ftate  of  folution,  and  thus  grow  into  a 
mafs  therewith  ;  but  that  other  metals  may  equally  be  diflolved  by  the  fame 
folvent,  and  intimately  united  therewith,  does  not  appear. 

3.  Iron  and  copper  have  the  fame  folvent,  viz.  an  acid,  which  may  be 
feparated  therefrom  by  a  ftrong  fire  *,  and  this  acid  is  known  by  the  name  of 
fpirit,  or  oil  of  vitriol :  the  fame  may  alfo  be  procured  by  art,  from  alum,  or 

colledled 


feen.  The  fame  author  obferves,  that  por- 
cellane,  or  the  matter  whereof  China  difhes 
are  made,  is  a  pure  fort  of  clay,  which  yet  is 
fometimes  fomewhat  fufible  in  a  violent  fire  ; 
and  will  ftrike  fire  with  fteel,  almoft  like  a 
flint ;  to  which  it  approaches  in  fpecific  gra¬ 
vity.  And  the  like  has  been  found  to  obtain 
in  an  imitation  of  porcellane  with  a  fort  of 
Englijh  clay  *.  ' 

Dr.  Lifter  makes  clay  a  genus,  almoft  as 
extenfive  as  earth  itfelf ;  dividing  clays  into 
two  grand  claftes,  under  the  titles. of  pure 
and  mix'd.  The  former  are  foft  and  foluble 
in  the  mouth,  and  have  little  or  no  grittinefs ; 
and  thefe  are  fubdivided  into  greafy ,  which 
include  the  medicinal  earths,  or  terra;  ftgil- 
lata,  as  fuller’s  earth,  yellow,  brown,  and 
white ;  boles,  cow-lhot  clay  ;  and  a  dark 
blue  clay :  harjh  and  dufty,  when  dry,  as 
Creta,  properly  fo  called,  or  the  milk-white 
clay  of  the  ifle  of  Wight ;  potter’s  clay,  yel¬ 
low,  blue,  and  red  :  and  ftony,  when  dry,  as 
the  feveral  forts  of  ftone  clays,  and  clunch. 

• — Mix'd  clays  he  fubdivides  into  thofe  with 
round  fand  or  pebble  ;  as  the  yellow  loam  of 
Kipvjorth-Moar ;  the  red  fandy  clay  near  Rip- 
pon,  &c.  and  thofe  with  flat  or  thin  fand, 
glittering  with  mica ;  as  crouch-white  clay, 

*  See  Boyle  Abr.  Vol.  III.  p.  422,  &  423. 


grey  or  bluifh  tobacco-pipe  clay,  and  a  red 
clay  in  the  red  fand-rock  at  Rotheram\. 

The  medicinal  earths  are  very  numerous, 
and  by  fome  comprehended  under  the  fpecies 
of  clays ;  their  virtues  being  nearly  the  fame: 
a  hiftory  of  them  has  been  long  expedted 
with  impatience. 

Maries  likewife  are  of  different  kinds  and 
various  colours :  the  earth,  generally  known 
by  the  name  of  marie,  is  a  light  friable  fub- 
ftance,  of  a  middle  nature  between  clay  and 
chalk,  but  neither  fo  fat  as  clay,  nor  fo  denfe 
as  chalk;  and  flicks  to  the  tongue. 

There  are  many  other  fpecies  of  compound 
earths.  For  Vannochio,  an  eminent  Italian 
mineralift,  informs  us,  that  a  fort  of  reddifh 
earth  often  contains  the  richeft  metals  :  Mr. 
Boyle  has  found  finely  figur’d  cryftals  to  grow 
in  a  red  earth  ;  and  he  had  a  whitifh  earth 
fent  him  from  the  North  of  England,  which 
contain’d  a  large  quantity  of  lead.  An  ex¬ 
perienced  writer  on  the  gold  and  filver  mines 
of  America,  obferves  that  gold  itfelf  is  fre¬ 
quently  difguifed  under  the  appearance  of  a 
reddifh  earth.  And  our  Englijh  okers  are 
richer  in  iron  even  than  fome  ores  of  that 
metal. 

•f  See  Phil.  Bran  fall.  N°.  164. 


5 


i3° 


Species  of  'vi¬ 
triols. 

Green. 

Blue. 

White. 


Bed. 


Cyprian. 
Sory,  what. 


Melenteria 

what. 

Principles  of 
f. vitriol . 
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colle&edfrom  the  fumes  of  burning  fulphur.  Add  that  vitriols  and  fulphur 
are  generated  and  produced  from  the  fame  matrix ,  viz.  the  Lapis  Pyrites 
abovementioned  *,  which  being  dug  up,  expofed  to  the  air,  difcharged  of  its 
redundant  fulphur,  ground  to  powder,  and  diflolved  in  water,  is  left  to  fhoot 
on  flips  of  wood.  Other  wife,  it  may  alfo  be  produced  immediately  from  the 
ancient  Mify ,  by  a  natural  folution  and  cryftallization. 

4.  Vitriol  then  is  of  five  kinds :  1.  Green,  compofed  of  iron  and  fpirit  of 
fulphur,  much  commended  for  its  medicinal  virtues,  and  the  beft  for  ink. 
2.  Blue,  compounded  of  much  iron,  and  a  little  copper  diflolved  by  fpirit  of 
fulphur.  A  folution  of  this  in  water  tinges  iron  of  a  ruddy  copper-colour, 
which  difcovers  the  admixture  of  copper.  3.  White,  which  {hews  no  great 
difference  from  green,  except  what  it  probably  owes  to  the  greater  degree  of 
heat  in  its  origination,  as  is  confirmed  from  the  factitious  kind  ;  in  every  other 
refpeCt  the  two  perfectly  agree.  4.  Chalcites ,  or  the  true  Chalcanthum,  or 
red  vitriol  j  which  is  alfo  near  akin  to  the  green,  and  refolves  into  the  fame 
principles.  Perhaps  there  may  be  fome  mixture  of  copper  in  it ;  but  its  chief 
ingredients  feem  to  be  iron,  and  the  acid  of  fulphur.  5.  Cyprian ,  or  Hunga¬ 
rian  \  which  is  of  a  perfeCt  blue  colour,  and  compofed  of  copper  and  the 
fame  acid  of  fulphur.  From  hence  arifes  the  Sory ,  which  is  a  hard,  (harp,, 
coarfe  unCtuous  glebous  fubftance  ;  feemingto  be  acondenfed  juice  of  vitriol  ; 
of  a  black,  or  afh-colour  •,  and  which  becomes  vitriol  again  by  means  of  water. 
And  Melenteria ,  which  is  likewife  of  a  black  or  afh-colour,  glebous  and 
cauftic  j  is  probably  of  the  fame  origin  and  production. 

5.  In  all  thefe  therefore,  iron  and  copper  make  the  bafis  j  the  acid  of  ful¬ 
phur  affords  the  folvent ;  the  water  which  dilutes  the  acid  and  arranges  the 
parts  of  the  metal,  gives  the  figure  and  tranfparency.  Hence  from  the  dif¬ 
ferent  proportion  of  thefe  three,  may  all  thofe  diverfities  be  accounted  for, 
which  are  fpoke  of  by  the  ancients.  In  effeCt,  water  with  the  acid  fpirit  of 
fulphur,  iron,  or  copper,  mixed  and  combined  in  a  certain  proportion,  form 
thofe  called  native  vitriols  (g). 

6. 


Natural  hijlory  of  'vitriol. 

(g)  Vitriol  is  of  two  kinds,  natural  and 
factitious.  The  natural  is  found  ol  four  dif¬ 
ferent  colours  ;  viz.  white,  blue,  a  bluifh 
green,  and  green. 

There  are  very  large  quantities  of  native 
vitriol  found  in  caverns  of  the  copper-mines 
at  Gofar  in  Germany ;  being  fometimes  in 
lump  ,  or  pieces,  like  ificles,  ofa  great  length 
and  thicknefs  :  and  this  is  fold  common, 
tho’  moft  people  have  thought  it  factitious ; 
whereas  it  is  only  refined  by  art,  or  diflolved 
in  water,  and  fuffer’d  to  cryftallize.  The 
MineraMartis  folaris  HaJJiaca ,  as  it  is  called, 
in  traCt  of  time  depofites  its  fulphureous  na¬ 
ture,  and  becomes  vitriolic ;  after  the  man¬ 
ner  of  our  pyrites,  of  which  copperas  is  made. 

The  white  vitriol  comes  from  Germany,  in 
the  form  of  loaves  or  lumps,  refembling  white 
fugar ;  of  a  fweetifn  and  naufeous  flyptic  take. 


’Tis  found  in  certain  mines  in  form  of  a  downy 
efflorefcence  ;  which  being  collected  and  dif- 
folved  in  water,  when  the  fuperfluous  humi¬ 
dity  is  evaporated,  it  concretes  into  a  white 
folid  mafs.  It  appears,  upon  examination, 
to  confift  of  a  ferruginous  fubftance,  or  im- 
perfeCt  iron-ore,  with  a  fmall  mixture  of  ca¬ 
lamine,  or  lead.  It  is  ufed  in  medicine  as  a 
gentle  expeditious  emetic. 

Blue  vitriol  is  differently  denominated,  ac¬ 
cording  to  the  different  places  it  comes  from  ; 
as  Roman ,  Cyprian ,  Hungarian,  &c.  This  we 
meet  with  ufually  in  the  form  of  dry  hard 
beautiful  blue  cryftals,  of  a  rhomboidal  figure, 
fquat,  and  confifting  of  ten  fides;  Its  beauti¬ 
ful  blue  colour  is  manifeftly  owing  to  the 
copper  it  partakes  of :  ’tis  of  a  very  rough, 
or  ftyptic  tafte,  and  accordingly  is  ufed  as  a 
ftyptic  in  medicine.  This  vitriol  is  obtain’d 
in  various  ways  j  viz.  from  vitriolic  waters, 

earths. 
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6.  (2)  Semi-metals  compofed  of  a  true  metal  and  a  fulphur  combined  to¬ 
gether.  To  this  head  chiefly  belong  native  cinnabar,  which  is  found  in  mines  Cinnabar. 
from  a  coalition  of  fulphur  and  mercury  melted  together  by  the  fubterraneous 
heat ;  as  appears  from  the  manner  of  making  fa&itious  cinnabar  (Jo).  This, 
which  makes  the  minium  of  the  ancients,  may  eafily  be  refolved  again  into  a  Minium. 
true  fulphur,  and  mercury.  Whence  it  appears  that  a  real  fulphur  is  gene¬ 
rated  plentifully  in  mines,  by  natural  means  alone. 

S  2  7. 


earths,  kones,  and  particular  pyrites.  In 
Galen' s  time  it  was  made  by  the  natural  heat 
of  the  fun,  exhaling  the  humidity  of  a  vitrio¬ 
lic  water  in  Cyprus.  In  fome  parts  of  Hun¬ 
gary  it  is  now  made  by  boiling  and  evapora¬ 
ting  a  water  of  the  fame  kind  to  a  due  con- 
fikence ;  then  fullering  it  to  fhoot.  And  in 
fome  parts  of  Germany  it  is  made  by  wafhing 
and  boiling  a  particular  grey  earth,  with  dif¬ 
ferently  coloured  fpots,  looking  like  ruk  of 
iron  and  verdigreafe. 

The  vitriol  of  a  blaifh  green  call  is  ob 
tain’d  in  the  fame  manner  ;  and  its  colour 
appears  owing  to  its  participating  both  of 
iron  and  copper. 

The  common  green  vitriol  or  Englijh  cop¬ 
per  as ,  is  made  at  Deptford  in  the  following 
manner,  from  pyrites,  which  are  round,  pon¬ 
derous,  clofe  hones,  of  a  dulky  colour  on  the 
outfide,  but  having  their  inner  fubkance  ra¬ 
diated  like  a  liar  from  the  centre  to  the  cir¬ 
cumference.  They  originally  yield  no  take 
of  vitriol ;  and  are  found  along  the  lhores  of 
j Effex,  Suffex,  &c.  When  calcined,  they  yield 
a  fume  like  that  of  brimftone ;  and  leave  a 
red  calx  containing  iron  behind.  Expofed  to 
the  open  air  in  heaps,  for  a  length  of  time, 
they  feem  to  ferment,  heave,  fwell,  crack, 
and  fall  to  pieces ;  and  then  yield  a  white 
downy  efflorefcence  of  an  acrid  ftyptic  take  : 
and  thus  the  white  fubkance  of  the  kone  feems 
to  dikolve  and  fall  to  duk,  of  a  faline,  vi¬ 
triolic  and  fulphureous  take  and  fmell. 

A  heap  of  thefe  kones,  two  or  three  foot 
thick,  they  lay  in  a  bed  well  ramm’d  ; 
where,  being  turn'd  once  in  fix  months,  in 
five  or  fix  years,  by  the  aftion  of  the  air  and 
rain,  they  begin  to  dikolve,  and  yield  a  li¬ 
quor,  which  is  received  in  pits,  and  thence 
convey’d  into  a  cikern  in  a  boiling-houfe. 
The  liquor  at  length  being  pump’d  out  of  the 
cikern  into  a  leaden  boiler,  and  a  quantity 
of  iron  added  thereto,  in  two  or  three  days 
the  boiling  is  compleated  j  care  having  been 
taken  all  along,  to  fupply  it  with  frefh  quan¬ 
tities  of  iron,  to  reilore  the  boiling,  when¬ 
ever  it  feems  to  abate ;  when  boil’d  fuffi- 
ciently,  ’tis  drawn  off  into  a  cooler  with  kicks 
acrofs,  where  it  is  left  1 4  or  15  days  to  fhoot. 


It  appears,  that  the  diverfity  of  co¬ 
lours  in  vitriols  arifes  from  the  difference 
wherein  the  fait  or  acid  is  receiv’d  :  in  blue, 
the  fait  is  join’d  with  copper  ;  in  green,  with 
iron ;  in  white,  with  calamine,  or  fome  fer¬ 
ruginous  earth  mix’d  with  lead,  or  tin.  As 
to  red  vitriol,  called  colcothar,  its  colour  is 
adventitious,  and.  feems  to  arife  from  a  calci¬ 
nation  which  the  vitriol  undergoes,  either  by 
art,  or  fome  fubterraneous  fire. 

This  is  not  only  fupported  by  the  natural 
hikory  of  vitriol,  but  feems  to  be  confirm’d 
by  numerous  analyfes  made  of  the  feveral 
kinds  of  vitriol,  and  the  artificial  preparation 
of  them  upon  fuch  principles  ;  fo  that  it 
may  pretty  fafely  pafs  for  a  general  truth, 
that  all  vitriol  confiks  of  water,  a  metalline 
part,  and  an  acid  combined  :  that  the  water 
gives  the  tranfparency,  or  crykalline  form ; 
that  the  acid  dik'olves  the  metal,  and  thus  gives 
the  colour ;  and  that  all  three  are  thus  united 
together  *. 

Its  ufes. 

The  ufes  of  copperas  are  numerous.  It  is 
the  chief  ingredient  in  the  dying  of  wool, 
cloths,  and  hats  black,  in  making  ink,  in 
tanning  and  drefiing  leather,  &c.  And  from 
hence  is  prepared  oil  of  vitriol  j  and  a  kind 
of  Spanifh  brown  for  painters. 

Natural  hiflory  of  native  chtnalar. 

(h)  Native  cinnabar  is  found  in  quickfilver- 
mines ;  though  it  has  likewife  its  own  mines, 
of  which  thofe  in  Spain  are  famous ;  it  is 
likewife  found  in  Hungary,  Bohemia ,  Italy, 
and  France.  It  is  a  hard,  ponderous,  metal¬ 
lic,  and  beautifully  red  kony  fubkance,  that 
breaks  into  Ihining,  bright,  angular  pieces. 
It  feems  to  be  improperly  called  the  ore  of 
quickfilver ;  as,  befides  other  reafons,  being 
much  more  valuable,  and  bearing  a  higher 
price  than  quickfilver ;  yet  affording,  accor¬ 
ding  to  its  difference,  from  fix  or  feven  to 
thirteen  or  fourteen  ounces  of  true  running 
mercury  in  a  pound  The  fulphur  remaining 
behind,  after  this  feparation,  feems  alfo  to 
differ  from  the  common ;  and  its  nature  feems 
hitherto  not  fufficiently  known. 


*  See  Stahl,  de  Vitrioli  Elogiis. 
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dntimony,  if  7.  The  Stibium  of  the  ancients,  by  the  Greeks  called  j,  by  the  moderns 
capable  of  antimony,  confifts  of  a  true  foflil  fulphur,  and  a  matter  much  refembling 
malleabiity .  metaj  .  which  if  it  could  be  rendered  malleable,  would  become  of  a  perfedfc 
metalline  nature,  and  make  the  feventh  in  the  clafs  of  metals.  But  fuch  me¬ 
thod  of  purifying  antimony  is  hitherto  unknown  •,  tho’  Mr.  Boyle  affirms  that 
a  true  fluid  mercury  had  by  a  fecret  procefs  been  procured  from  it :  and  few 
pretenders  in  thefe  days  but  boaft  they  can  do  the  like.  It  is  fufible  in  the 
fire,  and  promotes  the  fufion  of  other  foffils  mixed  with  it  ;  but  being  brittle 
in  it  felf,  communicates  the  fame  quality  to  the  other  dudtile  bodies  it  is  mix’d 
with.  It  is  volatile  in  it  felf,  and  renders  almoft  all  other  bodies  mixed  there- 
Mnh  with  vo^at^e  fhe  6re*  In  fine,  itencreafes  the  beautiful  brightnefs  of  gold  r 
arfenic.  and  in  many  things  is  found  to  approach  the  nature  of  white  arfenic  ( i). 
Bifmutb.  8.  Bifmuth,  or  Bifemut,  refembles  antimony:  it  confifts  of  thin  plates  or 

Lamellae,  laid  on  one  another ;  imitates  filver  in  the  brightnefs,  and  white- 
nefs  of  its  colour :  but  is  lefs  friable,  harder,  not  dutftile  under  the  hammer* 
gives  evident  indications  of  a  fulphur  in  it ;  and  by  the  adlion  of  an  acid  on 
it,  lets  go  a  bituminous  matter  ;  is  lefs  fixed  in  the  fire  than  metals,  and  when 
mixed  therewith  renders  them  volatile  and  friable 


Natural  hijlory  of  antimony. 

(z)  Antimony  has  its  own  mines,  particu¬ 
larly  in  Hungary ,  Tranfilvania,  Germany ,  and 
feveral  provinces  of  France.  Its  ore  is  mixed 
with  a  flony  matter,  from  which  it  is  fepa- 
rated  by  breaking  it  into  fmall  pieces,  and 
afterwards  refining  it,  as  is  praftifed  in  other 
imperfect  metals.  This  makes  the  crude  an¬ 
timony  of  the  druggifts;  which  is  a  metallic, 
folid,  heavy,  brittle  fubftance,  of  a  lead  co¬ 
lour,  confiding  of  long  lhining  ftreaks  or 
needles :  ’tis  ealily  fufed  by  fire,  and  flows 
the  thinned  of  all  minerals  ;  but  is  not  duc¬ 
tile.  There  are  different  kinds  of  antimony, 
and  it  is  often  found  mix’d  with  other  metals. 
A  great  variety  of  medicinal  preparations  are 
obtain’d  from  it  ;  and  generally  prove  either 
emetic,  cathartic,  diaphoretic,  or  fudorific. 
Of  late,  crude  antimony  has  frequently  been 
given  internally  in  powder ;  and  is  faid  to 
diffolve  vilcidities  in  the  fluids,  open  obdruc- 
tions,  and  give  relief  in  cutaneous  difeafes, 
confumptions,  and  epilepfies.  It  is  likewife 
accounted  of  great  ufe  in  fattening  animals. 
In  external  application,  being  mix’d  with 
ointments,  it  is  commended  for  drying  ulcers* 
curing  the  itch,  and  other  difeafes  of  the  fkin : 
in  plaiders  ’tis  ufed  for  reiolving  tumours  ; 
and  in  colly ria  for  inflammations,  and  other 
diforders  of  the  eyes.  In  chemidry  it  is  of 
extenfive  ufe ;  as  contributing  to  the  pulve¬ 
rization  and  confequent  folution  of  metals  ; 
the  ready  amalgamation  of  the  harder  metals; 
the  animation  of  mercury  ;  the  extraction  of 
metallic  fulplxurs ;  and  the  fuppofed  meliora- 
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tion  of  metals.  It  is  ufed  in  the  making  of 
pewter,  and  types  for  printing.  Its  regulus 
is  faid  to  help  in  the  gilding  of  copper ; 
and  to  improve  tin  in  point  of  whitenefs, 
hardnefs,  and  found  ;  whence  alfo  it  is  fome- 
times  ufed  in  cafiing  bells,  making  metalline 
fpecula ,  &c. 

Natural  hijlory  of  bifmuth. 

{k)  Bifmuth,  otherwife  called  tin-glafs,  the 
filver  marcafite,  and  by  fome  white  zinck, 
grey  lead,  and  the  magnet  of  metals,  is  di¬ 
vided  by  naturalifis  into  native  and  arti¬ 
ficial.  The  native  or  fojfil  is  frequently 
found  among  the  filver  mines  and  tin-mines 
in  Bohetnia  and  Mifnia ;  and  fometimes  alfo, 
it  we  may  credit  Alonzo  Barba,  in  mines  of 
its  own.  Its  ore,  being  eafy  of  fufion,  rea¬ 
dily  yields  the  bifmuth,  by  a  gentle  flame  of 
wood  in  a  low-arched  furnace ;  leaving  a  flag, 
which  affords  a  blue  glafs,  or  fmalt.  Bifmuth 
is  readily  foluble  in  vinegar,  and  communi¬ 
cates  a  faccharine  tafie  thereto ;  it  alfo  dif- 
folves  in  fpirit  of  fait,  aqua  fortis,  and  fpirit 
of  nitre  ;  and  hence  by  precipitation  is  pro¬ 
cured  a  magiftery,  or  fine  white  powder,  which 
is  much  efteem’d  as  a  cofmetic,  and  helps 
to  change  the  colour  of  hair.  Bifmuth  is 
a  principal  ingredient  in  the  making  of  fol¬ 
ders,  on  account  of  the  thin  fufion  it  foon 
procures  to  metals.  And  M.  Homberg informs 
us,  that  it  confiderably  improves  the  metallic 
mixture  defign’d  for  printers  types,  by  ren- 
dring  it  harder  and  lefs  brittle. 

Artificial*  bifmuth,  according  to  Langius^ 
is  prepared  from  tin,  by  cementing  thin  plates 

thereof 
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9.  Zinck,  or  Zinetum,  is  much  like  the  former,  but  lefs  friable  (/).  Zinck. 

(3)  To  femi-metals  may  alfo  be  referred  all  foffi],  cryftalline,  ftony  and 

earthy  matters,  which  have  any  true  metalline  matters  intermixed  with  them. 

Such  are  the  generality  of  native  ores  in  mines,  and  numerous  other  bodies  ; 
the  principal  whereof  are  : 

10.  Lapis  Armenus,  called  alfo  Lapis  Lazuli  and  azure-ftone ;  which  is  very  Lapis  Arme - 

light,  of  a  blue  colour,  and  fpangled  with  golden  fparks  ;  ufually  faid  to  nus  a”dla- 
contain  a  large  proportion  of  gold  (m).  '  zu!l’ 

1 1 .  Lapis  Haematites ,  which  appears  to  be  pregnant  with  metalline  principles,  Uasnatites, 
bears  a  near  refcmblance  to  iron,  and  when  fublimed  with  Sal-ammoniac ,  dif- 

fufes  a  rich,  aromatic,  fulphurous  fmell  ;  whence  fome  call  it  Aroph ,  or  Aroma  Aroma  pkilo - 
philofophorum,  the  philosophers  fpice  (#).  fophor. 

12.  Load-ftone,  remarkable  for  its  confent  with  iron  j  being  of  the  fame  Load-pone. 
colour,  and  having  other  properties  much  like  it. 

Ochre  may  alfo  be  probably  rank’d  in  this  clafs,  as  being  the  produce  of 
iron,  precipitated  from  mineral  waters  (0). 

12. 


thereof  with  a  mixture  of  white  tartar,  fait- 
petre,  and  arfenic  :  or,  as  others  fay,  by  well 
grinding  a  mixture  of  arfenic,  verdigreafe,  and 
lal-gem,  with  oil-olive,  and  afterwards  adding 
the  whole  to  half  its  weight  of  tin  in  fufion. 

Natural  hijlory  of  zinck. 

(/)  Zinck,  tutenag,  or  fpelter,  is  a  metal¬ 
lic,  fulphureous,  ponderous  fubftance,  refem- 
blinglead  in  colour  ;  it  is  fufible  and  duftile  to 
a  certain  degree,  very  hard  to  break,  inflam¬ 
mable,  volatile  and  foluble  in  acid  menftruums. 
There  are  two  kinds  of  it,  the  German  and 
Indian,  to  which  fome  add  a  yellow  zinck, 
which  is  the  produce  of  a  certain  marcaflte, 
hitherto  but  little  ufcd,  except  in  mechanical 
mixtures. 


At  Gofar  in  Germany  ’tis  run  from  a  kind 
of  lead-ore  in  a  furnace  of  a  particular  ftruc- 
ture.  Zinck  improves  tin  in  brightnefs  and 
hardnefs :  and  with  copper  makes  the  fineft 
kind  of  prince’s  metal,  fo  called  from  Prince 
Rupert,  its  fuppofed  inventor.  The  flowers 
of  zinck  are  accounted  drying  in  external  ap¬ 
plication. 

Natural  hijlory  of  lapis  lazuli. 

(m)  The  lapis  Ar menus  and  lapis  lazuli 
are  two  different  opake  ftones,  tho’  frequently 
confounded,  on  account  of  their  being  often 
met  with  in  the  fame  glebe,  and  ufed  indiffe¬ 
rently  for  each  other  ;  as  having  the  fame 
virtues,  only  the  Armenian  Hone  is  fuppofed 
to  be  more  ftrongly  purgative.  This  is  0- 
pake,  with  green,  blue,  or  blackifh  fpots, 
mark’d  like  the  azure  flone,  with  gold-co¬ 
loured  fpecks  and  friable.  It  is  feldom  ufed 
in  phyfic  ;  but  is  employ’d  by  the  painters  in 
making  a  beautiful  biue  colour  with,  a  greenifh 
call. 


The  lapis  lazuli  is  a  hard  blue  ftone,  with 
gold  or  filver-coloured  fpecks  and  veins  :  ’tis 
found  of  two  kinds,  one  bearing  the  fire  and 
the  other  not.  The  firft  is  brought  from  Afia 
and  Africa,  and  is  called  the  oriental  ftone  ; 
the  other  is  fofter,  and  dug  out  of  the  gold, 
filver,  and  copper-mines  in  fome  parts  of 
Germany  and  Italy.  The  oriental  produces 
0  the  lafting  beautiful  ultramarine  blue  :  but  the 
German  ultramarine  is  eafily  injur’d  by  exter¬ 
nal  caufes,  and  in  time  turns  green.  The 
beft  lapis  lazuli  is  of  a  deep  blue  colour, 
mark’d  with  fome  gold  fpecks,  hard  to  break, 
and  durable  in  the  fire.  Its  medicinal  virtues 
are  few,  and  thofe  ill-fupported,  though  it  re¬ 
tains  a  place  in  fome  compofitions. 

Natural  hifory  of  lapis  hamatites. 

(n)  Lapis  bcematites,  or  blood-ftone,  is  a 
ferruginous,  hard,  gleby,  ponderous,  metal¬ 
lic  fubftance,  of  a  dark  red,  or  yellowifh  co¬ 
lour,  and  fometimes  blackifh,  of  an  earthy 
aftringent  talle ;  and  when  broken,  appears  to 
have  fine  long  fibres,  like  thofe  of  wood.  It 
is  frequently  found  in  iron-mines,  inadiftindt 
ore;  and  fometimes  with  the  load- ftone,  in 
many  places  of  Germany,  Italy,  and  Spain , 
the  latter  whereof  is  reckon’d  the  beft.  It  is 
a  kind  of  iron-ore ;  and  Agricola  fays  that  in 
the  valley  of  Joachim  in  Bohesnia ,  thefe  ftones 
are  found  fo  rich  in  iron  of  the  beft  kind,  as 
to  make  it  worth  while  to  run  the  metal  from 
them.  It  is  frequently  ufed  in  medicine,  both 
in  fubftance  and  in  preparations,  as  a  ftyptic 
•and  aftringent,  as  well  internally  as  exter¬ 
nally. 

Natural  hifory  of  the  load-fone. 

( 0 )  The  magnet,  or  load-ftone,  is  found  in. 
many  countries  of  Europe,  and  generally  i« 
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Other  pr'mci-  ig.  From  the  whole,  we  may  be  enabled  to  form  a  judgment  of  the  prin- 
tles  of  fojjik.  c}pies  0f  foffds  ;  which  appear  chiefly  reducible  to  mercury,  metalline  fulphurs, 
falts,  combuftible  fulphurs,  earth  and  ftones.  But  thefe  will  be  found  very 
Aa'vve  prin-  different,  if  carefully  examined  in  different  fubje&s :  the  chief  active  prrinciple 
dple.  in  them,  is  a  volatile,  faline  acid  ;  thofe  which  want  this,  derive  all  their 

a&ivity  and  motion  from  fire  (p). 


0/  VEGETABLES. 

plants, what.  Another  genus  of  bodies  which  chemiftry  is  employed  about,  are  vege¬ 
tables,  ufually  called  plants. 

2.  A  vegetable  is  an  hydraulic  body,  (containing  various  veffels,  replete 
with  different  juices,)  which  adheres  by  a  certain  part  to  another  body,  from 
whence,  by  means  of  this  part,  it  derives  the  matter  of  its  nutriment  and 
accretion. 

g.  Hence  vegetables  differ  from  fofflls,  as  above  defcribed,  both  in  the  diver- 
fity  of  their  folid  parts,  in  the  different  nature  of  their  contained  fluids,  and  in 
their  ftru<5ture,  which  confifts  of  veflels  and  juices. 

Their  root .  4-  Add  that  the  external  part,  called  the  root,  which  imbibes  the  nutri¬ 

ment  from  the  nourifhing  body  to  which  it  is  joined,  fufficiently  diftinguifhes 
vegetables  from  any  animal  hitherto  known  (q). 
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iron-mines ;  but  the  beft  is  brought  from  the 
E aft- Indies  and  JEthiopia.  It  is  a  kind  of  iron- 
ore,  and  in  fome  parts  of  Germany  they  run 
the  iron  from  it.  When  expofed  to  the  focus* 
of  a  large  burning-glafs,  it  manifeftly  difco- 
vers  iron.  It  has  very  odd  properties,  anda- 
mong  the  reft  that  of  attradling  iron,  and  giving 
it  a  polarity.  But  fire,  ruft,  moifture,  and 
long  difufe,  tend  to  weaken  its  force ;  tho’ 
Mr.  Boyle  gives  us  inftances  of  fome  Englijh 
loadftones,  which  retain’d  their  virtue  after 
ignition  *. 

The  principles  of fo (fils. 

(p)  Foflils  ftiould  feem  to  confift  (i)  of  mer¬ 
cury,  as  the  bafis  of  many  of  them.  (2)  Of  a 
fubtile  fulphur,  that  coagulates  or  fixes  mer¬ 
cury  :  for  even  the  ancients  always  diftinguifti’d 
two  kinds  of  fulphur,  the  one  volatile  and 
combuftible,  and  the  other,  which  alone  we 
have  here  regard  to,  perfectly  fix’d  ;  as  being 
in  effeft  a  fort  of  concentrated  fire.  (3)  Of 
fait :  and  (4)  Of  earth.  All  thefe,  however, 
are  not  found  in  all  foflils ;  fome  metals  hav¬ 
ing  been  Ihewn  to  confift  of  only  the  two  firft, 
and  others  only  of  the  three  laft. 

Whether  water,  the  univerfal  wine  of  the 
ancients,  which  all  bodies  drink,  and  where¬ 
by  they  are  fuppofed  to  grow  and  increafe, 
be  to  be  deem’d  a  principle,  will  admit  of 
fome  doubt.  Sir  Ifaac  Newton  defines  it  an 

*  See  Boyle  Ahr.  Vol.  I.  p.  502,  503. 
f  See  the  chapter  of  water.  See  alfo  Becker 


inftpid  fait.  Others  call  it  the  chaos  of  all 
things,  and  ’tis  perhaps  the  remote  matter  of 
all  foflils ;  and  may,  therefore,  be  confider’d 
as  conllituting  a  peculiar  clafs  of  body  f. 

[q)  Few  authors  but  obferve  the  near  ana¬ 
logy  between  the  vegetable  and  animal  ceco- 
nomy  and  ftrufture.  M.  Reneaume ,  from  a 
furvey  of  plants,  concludes,  (1)  That  the 
root  in  plants,  does  the  office  of  the  parts 
contained  in  the  belly  of  animals  deftined  for 
nutrition  ;  it  being  this  chiefly  that  prepares, 
digefts,  alters,  and  changes  the  food  into  a 
nutritious  juice,  to  be  afterwards  diftributed  to 
all  the  parts.  2.  That  the  trunk  and  branches 
of  trees,  bear  fome  relation  to  the  exterior 
members  or  limbs  of  an  animal,  which  it 
may  indeed  fubfift  without,  though  their 
rotting  and  mortification  frequently  occa- 
fions  a  total  deftruftion  thereof.  3.  That  ’tis 
with  good  reafon  that  countrymen,  in  pru¬ 
ning  and  lopping  trees,  which  they  would 
have  grow  again,  cover  the  wounds,  and  the 
remains  of  the  flumps,  with  earth  or  clay,  to 
prevent  an  extravafation ,  which  would  drain 
them  of  all  their  vital  moifture.  And  hence, 
likewife,  it  is,  that  when  the  branch  of  a 
tree  is  broke,  without  the  bark’s  being  en¬ 
tirely  feparated,  if  the  pieces  be  fet  againr 
and  the  frafture  tied  with  a  bandage,  capable 
of  retaining  the  fap,  and  excluding  the  accefs 

of 
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5.  The  folid  parts  of  vegetables  are  mere  earth,  bound  together  by  a  vifcid 
oily  fubftance,  fo  as  not  to  be  feparable  from  each  other  without  an  open, 
quick  fire. 

6.  The  veffels  of  plants  differ  exceedingly  both  in  their  ftruttture  and  place, 
the  matters  contained  therein,  and  the  virtues  thereof  (r). 

7.  The  root  is  intended  for  fattening  the  plant  to  the  ground,  or  for  imbi¬ 
bing  nutriment  therefrom  ;  which  laft  office  feems  fometimes  alfo  to  be 
performed  by  the  whole  furface  of  the  plant,  as  in  the  inftance  of  truffles. 
The  root  then  is  furnifhed  with  abforbent  veffels,  whofe  mouths  are  ranged 
clofe  to  each  other  thro’  its  whole  furface,  by  which  the  nutritious  moifture  is 
imbibed,  protruded  into  the  canals,  and  by  thefe  conveyed  thro*  the  whole 
fubftance  of  the  plant  ( s ). 
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of  the  air,  the  branch  will  heal  again,  a 
callus  be 'form’d,  c3V.  juft  as  in  a  fraftur’d 
bone  * 

As  to  thofe  few  plants  which  appear  to 
float  with  the  water,  their  manner  of  growth 
is  fomewhat  anomalous.  M.  Tourncfort  has 
Ihewn  that  all  plants  do  not  arife  ftri&Iy  from 
feeds,  but  that  fome,  inftead  of  femen,  depolite 
or  let  fall  a  little  drop  of  juice,  which  link¬ 
ing  in  the  water,  by  its  gravity,  reaches  the 
bottom,  or  fome  rock,  &c.  in  its  way ;  to 
which  it  flicks,,  ftrikes  root,  and  fhoots  into 
branches  ;  fuch  is  the  origin  of  coral,  which 
by  diftillation  yields  a  volatile  fait. 

There  are  fome  fpecies  of  fea-mufhrooms, 
particularly  the  neptune'  s-cap ,  which  are  not 
found  to  adhere  to  any  body  :  but  M.  Tour- 
nefort  obferves,  they  have  been  fometimes 
found  with  a  little  pedicle,  which  might  have 
fuftain’d  them.  And  hence  he  infers,  that 
they  originally  grew  to  the  bottom,  and  had 
their  generation  like  the  reft.  He  adds,  how¬ 
ever,  that  when  they  have  loft  their  pedicle, 
kis  probable  they  are  fed  by  fome  juice, 
which  the  fea-water  lets  infinuate  thro’  the 
pores  of  their  furface  -f-. 

Coral  has  been  fufpefted  by  the  naturalifts 
of  all  ages  for  a  fea- plant ;  but  the  moderns 
have  demonftrated  it  fucn  ;  and  even  difco- 
ver’d  its  flowers  and  feeds.  That  illuitrious 
naturalift  the  Count  de  Marjtgli,.  having  long 
doubted  the  vegetable  nature  of  coral,  was  at 
length  convinced  by  the  following  experi¬ 
ment  :  having  fteep’d  fome  coral,  frelh  ga¬ 
ther’d,  in  fea-water  ;  he  perceiv’d,  in  a  fhort 
time,  that  the  little  ruddy  tubercles,  which 
appear’d  on  the  furface  of  its  bark,  began  gra¬ 
dually  to  unfold,  and  at  length  open’d  into 
white  flowers,  in  the  form  of  liars  with  eight 
points,  which  were  fuftain’d  by  a  little  calx, 
divided  in  like  manner  into  eight  parts.  Upon 


taking  the  coral  out  of  water,  the  flowers  im¬ 
mediately  clofed,  and  return’d  into  red  tu¬ 
bercles  as  before  ;  which  tubercles  being 
clofely  fqueez’d,  yielded  a  fort  of  milky 
juice.  And  upon  returning  the  coral  into 
the  water,  as  before,  the  tubercles,  in  an 
hour's  time,  open’d  or  flower’d  afrelh :  and 
this  was  continued  for  fix  or  eight  days,  when 
the  buds  or  tubercles  ceafed  to  blow  any  more. 
In  ten  or  twelve  days  they  became  detach’d 
from  the  coral,  and  funk  to  the  bottom,  in 
form  of  little  yellow  balls.  Thefe  tubercles, 
then,  according  to  the  analogy  of  plants, 
lhould  be  the  flowers  of  coral ;  and  the  milky 
vifcid  juice  contained  therein  the  femen  ;  ac¬ 
cordingly  ’tis  held,  that  when  this  juice  falls 
on  a  properly  difpofed  fubjedl  or  nidus,  a  new 
coral  arifes  therefrom. 

Add,  that  the  analyfis  of  coral  anfwers 
precifely  to  that  of  other  fea-plants ;  all  of 
them  affording  a  volatile  urinous  fait,  and  a 
thick  blackifh,  fetid  oil  J. 

There  are  corals  of  divers  colours ;  the  moft 
ufual  and  valuable  are  red  and  white  ;  others 
are  feuillemort,  carnation,  green,  yellow,  afh- 
colour’d,  &fc||. 

(r)  The  vafcular  ftrutture  of  vegetables  is 
rendered  very  apparent  by  an  experiment  of 
Mr.  Willoughby :  cutting  off  fome  pretty  big 
branches  of  birch,  and  making  a  fort  of  ba- 
fon  or  refervoir,  at  the  end  thereof  with  foft 
wax;  upon  filling  this  with  water,  and  hold¬ 
ing  the  branch  upright,  the  water  in  a  few 
minutes  funk  into  the  veffels  of  the  wood, 
and  running  quite  thro’  the  length,  dropt  out 
of  the  end  confiderably  fa  ft  ;  continuing  fo  to 
do,  as  long  as  water  was  pour’d  on.  The  fame 
fucceeds  in  fycamore,  walnut,  &c.  tho’  the 
flux  here  is  not  fo  copious  **. 

(1)  The  principle,,  whereby  the  root  im¬ 
bibes  its  food,  is  fomewhat  controverted  : 

fome 


*  Mem.  de  P Acad.  an.  1707.  f  Mem.  del'  Acad.  an.  1700.  ^  Mem.  de  l' Acad.  an.  1708V 

jj  Jovrn.  des  Scavans.  an.  1710.  **  Phil.  Pranfail.  N°.  70. 
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8.  Thefe  vefiels  may  properly  be  compared  to  the  mefenteric  ladeals,  and 


other  abforbent  veins  of  animals. 

fome  will  have  it  effected  by  means  of  the 
preflu  re  of  the  atmofphere,  in  the  fame  man¬ 
ner  as  water  is  raifed  in  pumps :  but  this  is 
precarious,  as  being  founded  on  the  fuppofi- 
tion,  that  the  abforbent  tubercles  are  void  of 
air  ;  befides,  that  the  atmofphere  could  only 
raife  the  juice  thirty- two  feet  high,  whereas 
there  are  trees  much  higher.  Others  have 
recourfe  to  the  principle  of  attradlion.  and 
fuppofe  the  power  that  raifes  the  fap  in  vege- 
tables,  to  be  the  fame  with  that  whereby  wa¬ 
ter  afcends  in  capillary  tubes,  or  in  heaps  of 
{and,  allies,  and  the  like:  but  neither  will 
this  alone  fuffice  to  raife  water  to  the  tops  of 
trees.  One  would  fufpedl  therefore,  that  the 
firft  reception  of  the  food,  and  its  propaga¬ 
tion  thro’  the  body,  were  effe&ed  by  different 
means ;  which  is  confirm’d  by  the  analogy  of 
animals. 

Some  of  our  ableft  naturalifts  hold  water 
the  only  nutritious  matter  of  vegetables  : 
Hebnont  and  Mr.  Beyle  give  us  fome  experi¬ 
ments  which  very  much  favour  this  do&rine. 
The  firft,  weighing  a  quantity  of  earth,  and 
planting  a  willow  therein,  which  he  water’d 
with  rain,  or  diftill’d  water  only  ;  in  five 
years  time  raifed  it  from  five  pound  weight, 
to  an  hundred  fixty  nine  pounds  three  ounces ; 
and  this  without  any  greater  diminution  of 
earth  than  two  ounces  :  and  Mr.  Boyle  found 
the  like  experiment  to  fucceed  with  fquafh- 
feed.  Dr  Woodward,  on  the  other  hand, 
has  fome  curious  experiments,  which  feem  to 
overturn  this  notion,  and  to  prove  that  mere 
elementary  water  is  not  proper  food  for  vege¬ 
tables  ;  the  water,  according  to  him,  being 
only  the  vehicle  of  the  alimentary  matter,  the 
earth  contain’d  therein,  fupplying  all  the  ve¬ 
getation  *. 

The  notion  of  the  fap’s  circulating,  was  en¬ 
tertain’d  by  feveral  authors,  much  about  the 
fame  time,  without  any  communication  from 
one  to  another ;  particularly  M.  Major,  a 
phyfician  of  Hamhourg,  M.  Perrault,  Mariotte, 
and  Malpighi  It  has  met,  however,  with 
fome  confiderable  oppofers ;  particularly  the 
excellent  M.  Dodart ,  who  could  never  be  re¬ 
conciled  to  it. 

One  of  the  great  arguments  for  it  is,  that 
the  fame  experiments  of  ligature  and  incifion, 
which  evince  a  circulation  of  the  blood  in 
animals,  fucceed  in  the  like  manner  in  plants ; 
particularly  in  fuch  as  abound  with  fap,  as 
the  great  tithymal  milk-thiftle,  &c.  For 
a  metalline  girt  being  here  fix’d  tight  round 
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the  Item  ;  the  part  above  it  is  found  to  fwell 
very  confiderably,  and  that  below  it  a  little. 
Whence  it  appears,  that  there  is  a  juice  af- 
cending  from  the  root,  and  likewife  another 
defeending  from  the  branches  ;  and  that  the 
latter  is  thicker  than  the  former ;  which 
quadrates  exaftly  with  the  common  fyftem  ; 
the  juice  being  fuppofed  to  arife  in  capillary 
veffels,  in  form  of  a  fubtile  vapour,  which 
condenfed  in  the  extremes  of  the  plant,  by 
the  neighbourhood  of  the  cold  air,  turns  back 
in  form  of  a  liquor,  thro’  the  more  patent 
pipes  of  the  inner  bark. 

M.  Dodart,  inftead  of  the  fame  juice’s  go¬ 
ing  and  returning,  contends  for  two  feveral 
juices ;  the  one  imbibed  from  the  foil,  di- 
gefted  in  the  root,  and  thence  tranfmitted  to 
the  extremes  of  the  branches,  for  the  nourilh- 
ing  of  the  plant ;  the  other,  receiv’d  from 
the  moifture  of  the  air,  in  at  the  extremity  of 
the  branches :  fo  that  the  afeending  and  de¬ 
feending  juices  are  not  the  fame.  One  of 
his  chief  arguments  is,  that  if  two  trees  of 
the  fame  kind  be  tranfplanted  in  one  day, 
after  firft  cutting  off  their  roots  and  branches; 
and  if  after  they  have  taken  root  again,  fome  of 
the  new  fhoots  put  forth  each  year  be  cut  off 
one  of  them,  it  will  not  thrive  half  fo  well, 
notwithftanding  its  root  and  trunk’s  being  en¬ 
tire,  as  the  other.  This  he  conceives  to  be  a 
proof  of  the  plant’s  deriving  nourifliment  by  the 
branches  ;  and  concludes  it  to  be  of  an  aerial 
nature,  becaufe  form’d  of  the  moifture  of  the 
air,  dew,  &c.  whereas  that  imbib’d  from  the 
foil  is  terreftrial,  &cf. 

But  what  feems  to  decide  the  controverfy  in 
favour  of  a  circulation,  is  the  following  experi¬ 
ment  of  the  reverend  Mr.  Laurence :  on  a  branch 
of  plain  jeffamin,  whole  Item  fpreads  into  two 
or  three  branches,  inoculate  a  bud  of  the 
yellow- ftriped  jeffamin  ;  and  as  the  tree  comes 
to  flioot  the  following  fpring,  fome  of  the 
leaves  will  be  found  tinged  here  and  there  with 
yellow  ;  and  this  even  on  the  other  branches 
not  inoculated ;  till,  by  degrees,  the  whole 
tree,  even  the  very  wood  of  the  young  Ihoots, 
appear  all  variegated,  or  ftriped  green  and 
yellow. 

What  courfe  the  juice  takes  after  it  is  im¬ 
bibed  by  the  roots,  is  not  very  clear  ;  the  vef¬ 
fels  that  take  it  up  to  convey  it  thro’  the  plant, 
are  too  fine  to  be  traced  :  and  hence  it  has  been 
controverted,  whether  it  is  by  the  bark,  or 
the  pith ,  or  the  *woody  part,  that  the  plant  is 
fed. 

H'ifi.  de  T Acad.  Roy.  an.  1709. 
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T/je  Theory  of  Chemistry. 

9.  The  juice  thus  derived  from  the  alimentary  body  is  not  yet  of  the  proper 
nature  of  vegetables,  but  being  crude,  retains  the  difpofition  of  the  mother 
from  whence  it  was  drawn :  yet  this,  which  is  ufually  earth,  or  water,  re¬ 
ceives  back,  fooner  or  later,  whatever  it  had  imparted  ;  in  as  much  as  bodies 
generated  from  the  earth  and  water,  when  at  laft  they  decay  and  die,  return  again 
into  air,  water  or  earth,  and  fall  out  of  the  air  into  the  bofom  of  the  earth,  or 
water,  in  form  of  dew,  mift,  fnow,  hail,  hoar-froft,  or  rain  :  fo  that  earth  is 
a  chaos  or  colluvies  of  all  bodies  paft,  prefent,  and  to  come,  from  whence  they 
all  arofe,  and  into  which  they  will  all  certainly  return. 


Some  contend  for  the  a ucod,  which  they  ob- 
fcrve  to  confift  of  (lender  capillary  tube?,  run¬ 
ning  parallel  to  each  other  from  the  root  up 
the  trunk,  proper  to  receive  a  fine  vapour  : 
in  the  afcent  whereof,  the  fibres  become  0- 
pen’d,  and  their  fubllance  increas’d.  And 
thus  it  is,  that  the  trunks  of  trees  increafe  in 
circumference,  by  ingefiion. 

The  more  common  opinion  is  for  the  bark ; 
the  juice  railed  by  the  capillaries  of  the  wood, 
is  here  fuppofed  to  defcend  by  the  larger  fi¬ 
bres  placed  in  the  inmoft  part  of  the  bark, 
immediately  over  the  wood  ;  in  which  de- 
fcent,  the  tap,  now  fufficiently  prepared,  adds 
a  part  of  its  fubllance  to  the  contiguous  wood  ; 
and  thus  increafes  by  apportion.  And  hence 
it  is,  that  hollow,  carious  trees,  which  have 
neither  pith  nor  wood,  except  juft  enough  to 
fuftain  the  bark,  do  grow  and  bear. 

What  confirms  this,  is  an  obfervation  of 
Dr.  Tonge,  commur  icated  to  him  by  an  emi¬ 
nent  planter  in  Gloucejlerjhire ;  <viz.  that  by 
binding  a  tree  round  about  very  clofely  and 
ftrongly  with  cords,  fo  as  to  intercept  what 
rifes  betwixt  the  bark  and  the  wood,  the  blof- 
homing  and  bearing  of  the  tree  is  retarded  : 
and  by  fuch  means,  in  feme  years,  when  the 
open  weather  bringing  on  too  early  a  fpring, 
endangers  the  deftrudtion  of  the  blofioms,  iu  c. 
he  has  often  prevented  a  fcarcity  of  forward 
fruits,  which  are  ufually  nipped  by  the  late 
frofts  *. 

Add,  that  in  the  journals  of  the  royal  fo- 
cietv.  Dr.  Beal  allures  us  from  his  own  expe¬ 
riment,  that  if  a  circle  be  drawn  round  a 
common  Englijh  tree,  by  incifion  to  the  folid 
timber  ;  how  thin  foever  the  knife  be,  and 
tho’  nothing  at  all  be  taken  away,  the  tree 
will  die  from  that  part  upwards :  only  the 
part  below  the  cleft  will  grow  on  and  prol- 
per,  notwithftanding  the  incifion.  He  adds, 
that  he  has  feen  fome  old  huge  alhes,  which 
had  been  bared  of  their  bark  by  the  deer, 
from  the  root  to  the  height  of  four  feet  quite 
round  ;  and  yet  have  continued  their  growth 
for  many  years ;  and  fome  bark,  which  was 


10. 

left  in  fome  few  places  no  broader  than  a  hand, 
had  a  frelh  verdure  more  lovely  than  any  o- 
ther  part  of  the  tree  -f-. 

To  this  others  objeft,  that  there  have  been 
trees  known  to  grow,  and  put  forth  leaves 
and  flowers  for  leveral  years,  without  any 
bark;  particularly  that  elm  in  the  Tuilleries , 
whereof  an  account  was  given  to  the  royal 
academy  by  Monf.  Parent.  Add,  that  the 
plantane  and  cork- tree  call  their  barks,  and 
get  new  ones,  as  ferpents  call  their  (kins ;  and 
’tis  hard  to  conceive  how  the  bark,  during 
fuch  tranfition,  Ihould  contribute  to  the  fup- 
port  of  the  plant.  Befide,  in  fome  plants,  as 
the  vine,  elder,  dsV  the  bark  is  very  incon- 
fiderable,  but  the  pith  very  copious ;  which 
Ihould  feem  to  intimate,  that  they  are  fed  by 
the  latter  rather  than  the  former.  And  it  is 
further  obfervable,  that  in  proportion  as  they 
grow  old,  the  pith  becomes  fibrous  and 
woody ;  which  fliews,  that  the  pith  is  difpos’d 
by  nature  to  form  woody  fibres ;  and  there¬ 
fore  may  be  proper  to  furnilh  wood  with  its 
nutritious  juice 

Laftly,  it  is  obferv’d,  that  if  you  cut  off  a 
ring  of  bark  around  a  tree,  three  or  four 
inches  broad,  parallel  to  the  horizon ;  and 
thus  lay  the  wood  quite  bare,  fo  that  the  tree 
cannot  receive  any  nourilhment  by  the  bark  ; 
yet  will  it  not  lofe  its  leaves  ;  nay,  it  will 
bear  flowers  and  fruit  the  fame  year,  and  this 
double  its  ufual  crop :  tho’  in  the  fucceeding 
winter,  all  the  branches  above  the  incifion 
will  die.  Hence  M.  Parent  argues,  that  the 
juices  which  produce  and  nourilh  the  leaves, 
the  flowers,  and  fruit,  do  not  afcend  by  the 
bark,  but  by  the  pith  ;  but  thofe  which  nou¬ 
rilh  the  wood  and  bark,  by  the  bark:  and 
that  the  quantity  of  juice  which  Ihould 
naturally  have  paiild  by  the  pith,  having 
been  augmented  by  that  which  Ihould  have 
palled  by  the  bark,  is  the  caufe  of  the  extra¬ 
ordinary  produce  of  fruits  and  flowers.  In 
effeft,  fays  M.  Fontanelle ,  the  pith  of  plants, 
like  the  medulla  in  animals,  is  a  collection  of 
an  immenfe  number  of. little  vefides,  which 
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The  Theory  0/*  Chemistry. 

10.  Water,  fpirits,  oils,  falts,  and  all  other  bodies  are  hid  in  the  earth, 
where  being  agitated  and  mixed,  efpecially  with  water  ;  by  fubterraneous,  arti¬ 
ficial,  and  folar  fire  they  are  brought  to  the  roots  of  plants  fpread  in  the 
ground. 

11.  So  alfo  the  water  of  the  ocean,  rivers  and  lakes,  receives  and  difiolves 
terreftrial  bodies  difperfed  thro*  the  atmofphere. 

Thefe 


feem  defin’d  ,to  filtre  and  elaborate  -a  finer 
juice  than  fhould  feem  necelfary  for  the  nutri¬ 
tion  of  mere  wood  *. 

In  anfwer  to  all  this,  the  retainers  to  the 
lark  alledge,  that  the  parts  of  a  tree  disjoined 
from  their  whole,  may  take  with  them  a 
Hock  of  nutritious  juice  fufficient  to  make 
them  vegetate.  Thus,  the  branches  of  elder, 
willow,  &c.  cut  from  the  flock,  will  Ihoot 
forth  leaves,  twigs,  &c.  without  being  ever 
put  in  the  ground ;  and  pieces  of  wood,  half 
dry,  have  been  known  to  do  the  fame:  which 
muft  be  owing  to  fome  remaining  juice,  agi¬ 
tated  and  fubtilized  to  a  certain  degree  by  the 
warmth  and  a&ion  of  the  air.  And  if  parts 
thus  cut  off  may  vegetate,  much  more  may 
thofe  which  ftill  adhere  to  the  tree,  which 
can  fcarce  ever  be  entirely  deprived  of  new 
juices ;  fince,  tho’  the  bark  Ihould  not  furnilh 
them  any,  yet  they  will  receive  fome  from 
the  blea,  or  that  part  of  the  wood  which  was 
laft  form’d,  and  has  not  altogether  loft  its 
cortical  nature.  This  accounts  for  the  phse- 
nomena  of  the  elm  in  the  Luilleries,  the  afhes 
of  Dr.  Tonge,  and  the  olive-trees  of  M.  Mag- 
■not ;  excepting  that  in  this  laft  inftance,  the 
vegetation  is  more  abundant,  after  taking 
away  the  bark  than  before  j  which  gives  a 
new  difficulty. 

To  fojve  this,  M.  Reneaume  obferves,  that 
the  buds,  out  of  which  flowers  and  fruits  arife, 
are  form’d  at  the  fame  time  as  the  young 
branches  whereon  they  grow;  for  old  wood 
never  bears  any  :  that  the  buttons  wherein 
thefe  fruit- buds  are  contain’d,  are  eaflly  di- 
ftinguifh’d  from  the  buds  that  yield  nothing 
but  wood  :  that  thefe  fruit-buds  require  no¬ 
thing  but  to  be  expanded,  which  fometimes 
does  not  happen,  in  perfection,  till  the  fe- 
cond  year  :  that  it  is  eaflly  poffible  this  ex- 
panflon  fhould  not  fucceed  fo  well,  when,  be- 
fide  a  competent  flock  of  juice  in  referve, 
new  juices  are  brought  by  the  bark,  in  too 
great  plenty  to  be  fufficiently  attenuated  and 
fubtilized,  for  entring  the  minute  veficles  uf 
the  forming  part.  Thus,  by  cutting  off  the 
communication  of  new  -juices  by  removing 
fome  of  the  bark,  the  juice  is  difpofed  to  in¬ 
fatuate  more  readily  jpto  the  little  veffels ; 


and  thus  to  give  rife  to  a  greater  number  of 
flowers  and  fruits. 

As  to  the  elms  of  Luxembourg,  M.  Re¬ 
neaume  examined  them  hiinfelf,  and  found 
they  were  not  fo  naked,  but  that  there  were 
fome  remains  of  the  inner  rind  or  blea , 
whereby  the  juice  might  mount :  and  the  fame 
doubtlefs  was  the  cafe  of  the  afties  mention’d 
by  Dr.  Tonge.  Add,  that  M.  Maraldi  ob- 
ferved  to  the  royal  academy,  that  a  fhoot  of 
a  plumb-tree  having  been  broke,  fo  as  only 
to  hang  by  a  piece  of.  bark  ;  yet,  upon  rai¬ 
ling  and  fetting  the  fraCtur’d  parts,  it  pro¬ 
duced  wood,  flowers,  and  fruit. 

From  the  fame  obfervation  of  the  elm  of 
Luxembourg,  M.  Reneaume  even  draws  a  con- 
cluflon  in  behalf  of  his  fyftem,  m,  that  it 
is  the  bark  forms  the  blea  or  bleak  ;  and  that 
as  the  blea  is  the  wood  laft  form’d,  all  the 
wood  comes  from  the  bark. 

The  bark,  liber,  is  to  be  conceiv’d  as  con¬ 
futing  of  a  number  of  cylindric  and  concen¬ 
tric  furfaces,  whofe  texture  is  reticular,  and 
in  fome  trees  apparently  extenfible  every  way, 
by  reafon  the  fibres  thereof  are  foft  and  flexi¬ 
ble.  While  in  this  condition,  they  are  either 
hollow,  and  fo  real  canals ;  or  if  they  be  fo- 
lid,  their  interfaces  are  canals.  The  nutri¬ 
tious  juice  which  they  are  continually  re¬ 
ceiving,  part  of  which  is  detain’d  in  them, 
makes  them  grow  both  in  length  and  thick- 
nefs,  ftrengthens  and  brings  them  nearer  each 
other.  Perhaps  the  longitudinal  fibres  may 
grow  the  fafteft.  By  fuch  means  the  texture, 
which  before  was  reticular,  becomes  an  af- 
femblage  of  llrait  fibres,  ranged  vertically, 
and  parallel  one  behind  another,  i.  e.  it  be¬ 
comes  a  new  woody  fubftance,  under  the  name 
of  blea. 

While  the  blea  remains  any  thing  foft,  and 
retains  fomewhat  of  the  nature  of  a  bark, 
it  may  maintain  a  feeble  vegetation :  but 
when  it  is  grown  abfolutely  hard  and  woody, 
it  can  no  longer  contribute  thereto.  The  ve¬ 
getation  of  young  branches  is  the  moil  lively 
and  vigorous,  and  the  only  one  that  goes  as 
far  as  the  flowers  and  fruits,  by  reafon  they 
are  little  elfe  but  bark. 

For  the  pith  ;  as  the  woody  fubftance  of 

the 


*  See  the  Hijl,  de  l' Acad.  R  des  Sciences,  an.  1 709. 


The  Theory  ^Chemistry. 

12.  Thefe  crude  humours  therefore  which,  in  the  fpring-time  efpecially,  are 
found  in  great  plenty,  and  moving  with  a  brifk  motion  thro’  the  bodies  of 
plants,  are  to  be  confidered  as  thin,  watery,  and  fomewhat  acid  ;  which  is  con¬ 
firmed  by  the  juice  trickling  in  March ,  from  wounded  beeches,  walnut-trees, 
or  vines,  received  in  veflels  (/). 


the  trunk  becomes  more  woody,  the  pith  is 
compreffed  and  ftraiten’d,  to  iuch  degree, 
that  in  fome  trees  it  quite  disappears  :  whence 
it  appears,  that  its  office  in  vegetation  is  not 
very  important,  fince  its  ufe  is  not  perpetual. 
By  its  fpongy  ftructure,  it  fliould  Teem  fitted 
to  receive  any  fuperfluous  moifture  tranfuding 
through  the  pores  of  the  woody  fibres  :  and  if 
by  the  excefs  of  fuch  moifture,  or  the  like 
caufe,  it  corrupt  and  rot,  as  frequently  hap¬ 
pens  in  elms,  the  tree  does  not  grow  the 
vvorfe  for  it:  A  convincing  proof  it  is  of  no 
great  ufe  *. 

[t)  From  the  latter  end  of  January  to  the 
middle  of  May,  trees  will  bleed:  thofe  that 
are  faid  to  run  firft,  are  the  poplar,  afp,  a- 
bele,  maple,  fycamore ;  fome,  as  willows, 
and  the  brill,  are  beft  to  tap  about  the  mid¬ 
dle  of  the  feafon  ;  and  the  walnut  towards  the 
latter  end  of  March.  They  generally  bleed  a 
full  month  in  the  whole.  The  bell  time  of 
the  day  for  tapping  is  about  noon.  The  fy¬ 
camore  will  run  in  hard  froft,  when  the  fap 
freezes  as  it  drops.  When  a  large  walnut  . 
would  run  no  longer  in  the  body  or  branches, 
it  would  run  at  the  roots;  and  that  longer  on 
the  fouth  or  funny  fide,  than  on  the  north  or 
Ihady  fide-f-. 

To  obtain  the  .greateft  ftore  of  fap  in  the 
Ihorteft  time  from  the  body  of  a  tree,  bore 
it  quite  through  the  pith,  and  the  very  inner 
rind  on  the  other  fide,  leaving  only  the  bark 
unpierc’d  on  the  north-eaft  fide  :  this  hole  to 
be  made  Hoping  upward,  with  a  large  augre, 
and  that  under  a  large  arm  near  the  ground. 
This  way  the  tree  will  in  a  fhort  time  afford 
liquor  enough  to  brew  with  :  and  with  fome 
of  thefe  fweet  faps  one  bufhel  of  malt  will 
make  as  good  ale,  asffour  bufhels  with  ordi¬ 
nary  water.  Sycamore  is  faid  to  yield  the 
belt  brewing-fap,  being  very  fweet  and  whole- 
fome||. 

The  bleeding  of  the  birch  has  afforded  na- 
turalifts  matter  of  much  fpeculation.  Wil¬ 
loughby ,  Ray,  Lifter,  8c  c.  have  made  a  great 
number  of  experiments  and  obfervations  there¬ 
on,  which  may  let  fome  light  into  the  bufi- 
nefs  of  vegetation  in  general. 

In  the  birch,  the  fap  iffues  out  at  the 
leaft  twigs  of  branches,  and  the  fmalleft  fi- 

*  See  the  Memoirs  de  l' Acad.  an.  1 7 1 1 . 
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bres  of  roots,  in  proportion  to  their  bignefs  ; 
the  gravity  always  promoting  the  difcharge  : 
fo  that  a  branch  or  root  which  bends  down¬ 
ward,  will  yield  much  more  juice  than  an¬ 
other  of  the  fame  fize  eredt. — Branches,  and 
young  trees  cut  quite  away,  and  held  perpen¬ 
dicularly,  will  bleed  ;  and  if  the  tops  be  cut 
off,  and  inverted,  they  will  bleed  alfo  at  the 
little  end. — In  birches,  no  fap  iffues  out  at 
the  bark,  be  it  ever  fo  thick ;  but  as  foon  as 
the  bark  is  cut  quite  thro’,  they  then  firft  be¬ 
gin  to  bleed  :  the  bark  being  quite  oft'  for 
an  hand’s  breadth  round,  abates  the  bleeding 
of  the  tree  above  the  pared  place. — A  wound 
made  before  the  fap  riles,  will  bleed  when  it 
does  rife. 

The  changes  of  weather  have  a  great  effedl 
on  the  bleeding  of  plants ;  infomuch  that 
Dr.  Tonge  is  of  opinion,  could  we  but  obferve 
it  to  advantage,  we  Ihould  hence  have  much 
better  indications  of  the  alterations  of  wea¬ 
ther,  in  refpedl  of  heat,  cold,  moifture, 
than  from  any  weather -glaffes.  When  the 
weather  changes  from  warm  to  cold,  the 
birches  ceafe  to  bleed ;  and  upon  the  next 
warmth  begin  again  :  but,  which  is  very  re¬ 
markable,  the  contrary  always  obtains  in  the 
walnut-tree,  and  frequently  in  the  fycamore, 
which,  upon  a  fit  of  cold,  will  bleed  plenti¬ 
fully,  and  as  that  remits,  ftop  :  a  morning- 
fun,  after  a  froft,  will  make  the  whole  bleed¬ 
ing  tribe  bleed  afrelh. 

Laftly,  a  culinary  fire  will  have  the  like, 
or  greater  effedt  than  the  fun,  and  imme¬ 
diately  fet  them  a  bleeding  in  the  fevereft: 
weather.  Branches  of  maple  and  willow,  cut 
off  at  both  ends,  will  bleed,  and  ceafe  at  plea- 
fure,  again  and  again,  as  you  approach  them 
to,  or  withdraw  them  from  the  fire  ;  pro¬ 
vided  you  balance  them  in  the  hand,  and  often, 
invert  them,  to  prevent  the  falling  and  ex¬ 
pence  of  the  fap :  yet,  being  often  heated, 
they  will  at  length  quite  ceafe,  tho’  no  fap 
was  at  any  time  fenfibiy  loft  :  and  when  they 
have  given  over  bleeding,  by  being  brought 
within  the  warmth  of  the  fire,  the  bark  will 
be  found  very  full  of  juice. 

A  hard  ligature,  made  within  a  quarter  of 
an  inch  of  the  end  of  a  wood-bine  branch. 
Dr.  Lifter  affures  us,  did  not  hinder  its  bleed- 
T  2  ing 

-f-  Dr.  Tonge ,  in  Philof.  Tran  fail .  N° .  43* 
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13.  The  feme  juice  being  afterwards  agitated  by  the  ftrudlure  of  the  plant, 
tile  fire,  both  fubterraneous  and  folar,  the  ofcillations  of  the  air,  the  viciffitudes 
of  mcift,  dry,  cold  and  hot  weather,  and  the  change  of  day,  night,  and  fea- 
fons  of  the  year,  is  protruded  thro*  the  feveral  vefiels  of  the  plant  ;  and  thus 
gradually  changed  and  further  elaborated,  fo  as  to  form  a  new  and  peculiarly 
vegetable  juice  proper  to  each  part  of  the  plant. 

14.  The  leaves,  by  the  ftrudure,  number,  and  finenefs  of  their  vefiels,  expofe- 
their  finelt  juices  almoft  naked  to  the  air,  in  a  furface  much  enlarged  ;  which 
is  liable  to  be  actuated  from  divers  caufes.  By  fuch  means  thefe  juices  are  ex¬ 
tremely  altered,  and  by  further  codlion  reduced  to  a  peculiar  vegetable  na¬ 
ture  :  in  fine,  they  do  the  office  of  lungs  j  as  appears  from  Malpighis  ob- 
fervations  (u). 

15.  The  juices  peculiar  to  the  leaves  are  a  honey-dew  found  on  the  furface 
thereof  in  fummer  evenings,  alfo  a  wax,  manna  and  balm  which  be¬ 
ing  agitated  and  concodled  by  the  fun’s  heat,  and  afterwards  condenfed  by 
the  enfuing  cold  of  the  night,  may  be  gathered  off  them  (#). 

The 


ing  at  all,  when  brought  within  the  warmth 
of  the  fire. — Maple  and  willow-branches,  quite, 
bared  of  bark,  and  brought  to  the  fire,  {how 
no  moifture  at  all.  The  fame,  half  bared  of 
bark,  would  bleed  only  from  thofe  half  of 
circles  cover’d  with  bark.  A  branch  of  ivy, 
of  itfelf,  bled  a  liquid  yellowifh  rolin  from 
the  bark,  and  near  the  pith  ;  but,  when 
brought  to  the  fire- fide,  bled  a  thin,  dilute, 
colourlefs  fap,  from  the  intermediate  wood- 
circles.  One,  or  both  ends  of  the  pith  of  a 
willow  being  fealed  up  with  hard  wax,  it 
will  yet  bleed  freely  by  the  fire. — Branches  of 
willow  cut  off  in  a  very  fevere  frofty  mor¬ 
ning,  and  brought  within  the  air  of  the  fire, 
would  {hew  no  moifture  at  all ;  no,  not  when 
held  till  warm,  and  often  and  long  turn’d  ; 
yet  the  fame  branches,  after  laying  all  night 
on  a  grafs-plot,  did,  next  morning,  when 
the  froft  was  broke,  freely  bleed. — Laftly,  a 
twig  of  maple,  whofe  top  had  been  cut  off 
before,  and  had  then  bled  ;  being  now  taken 
off  from  the  tree,  and  brought  within  the  air 
of  the  fire,  and  held  with  the  formerly  cut 
end  downwards,  would  not  run  at  all ;  but 
with  the  other  end  down,  run  apace  *. 

(u)  The  great  importance  of  the  leaves  to 
the  fruit,  appears  from  common  obfervation, 
viz.  that  when  the  caterpillars  feize  on  a 
tree  in  the  fruit  feafon,  they  only  feed  on, 
and  deftroy  the  leaves  ;  and  yet  the  confe- 
quence  hereof  is,  that  the  tree  {hall  frequently 
appear  as  if  dead,  and  the  fruit  prove  abor¬ 
tive  f. 

( x )  Honey  was  anciently  taken  for  a  dew 
that  fell  on  flowers  ;  but  what  proves  this  a 

*  Philo/.  TranfaSl.  N®.  48,  57,  58,  68. 

£  Seethe  Hijl,  de  TAcad.  an,  1708. 


miftake  is,  that  the  bees  only  gather  it  after 
the  fun  is  up,  when  there  is  no  dew  left.  It 
muft,  therefore,  either  be  a  liquor  prepared 
in  the  flower,  and  excreted  by  its  proper 
veflels,  like  manna ;  or  rather  the  fine  dull, 
or  farina  fecundans  of  the  apices  :  for  accor¬ 
ding  to  the  obfervations  of  M.  du-Verney ,  the 
bees,  when  in  fearch  of  honey,  fix  on  no 
other  parts  but  the  ftamina  and  apices,  and 
not  on  fuch  as  yield  any  liquor. 

What  feems  very  remarkable  is,  that  honey, 
in  virtue  of  its  vegetable  nature,  is  difcover’d 
by  M.  Lemery ,  to  contain  iron.  Which  dif- 
covery  may,  perhaps,  .ferve  as  an  anfwer  to 
M.  Geojfroy's  chemical  queftion,  viz.  Whether 
there  is  any  part  of  a  plant  without  iron?  For 
if  fo  delicate  an  extraft  from  the  fineft  part  of 
the  flower,  and  this  further  elaborated  in  the 
little  vifcera  of  the  infedt,  be  not  clear  of 
iron,  we  may  defpair  of  feeing  any  fo  J. 

We  have  two  kinds  of  honey,  white  and 
yellow :  the  white,  called  alfo  virgin  honey , 
trickles  out,  fpontaneoufly,  from  the  conjb, 
when  inverted,  iff c.  The  fecond  is  exprefled 
from  the  combs,  in  a  pfefs,  after  having  firft 
foftenM  them  with  a  little  water  over  the  fire. 
There  is  alfo  an  intermediate  fort,  of  a  yel- 
lowifh  white  colour,  drawn  by  expreflion  with¬ 
out  fire. 

To  procure  the  wax  from  the  combs  for 
ufe :  the  honey  being  feparated  from  them, 
they  put  all  that  remains  in  a  large  caul¬ 
dron,  with  a  fufficient  quantity  of  water ;  and 
thus,  by  means  of  a  moderate  fire,  melt 
it.  This  done,  they  (train  the  water,  &c. 
off,  through  a  cloth  in  a  prefs.  Before  it  . 

grows 
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16.  The  like  obtains  in  the  flowers,  whofe  Calices ,  Pet  ala ,  Stamina ,  and  Flown. 
A Ipices ,  take  up  the  juice,  as  prepared  in  the  leaves,  mature  it  further,  and 
give  it  the  proper  charadteriftic  nature  of  the  plant;  continuing  to, preferve, 
feed,  and  fit  it  for  the  ufe  and  fupport  of  a  new  embryo,  in  time  to  be  gene¬ 
rated.  Thus  much  we  infer  from  the  affinity  and  neighbourhood  of  the 
flowers  and  leaves,  the  origin  of  the  buds,  and  the  ftru&ure  of  the  flowers 
produced  therefrom  (y).  Here  is  formed  that  fweet,  fragrant,  vital,  refreffiing 


grows  cold,  they  fcum  it  well,  and  call  it 
into  moulds. 

This  is  the  yellow  wax,  which  blanched 
and  purified  makes  the  white-wax. 

(y)  The  generation  of  plants  bears  a  near 
analogy  to  that  of  fome  animals,  particularly 
fuch  as  want  local  motion  :  as  mufcles,  and 
other  immoveable  Ihell-filh,  which  are  her¬ 
maphrodites,  and  have  the  genital  organs  of 
either  fex 

The  flower  has  been  allowed  for  the 
pudendum  of  a  plant  :  but  the  defign  of 
fomuch  mechanifm,  and  fo  many  parts,  was 
but  little  underflood.  To  inllance  in  a 
tulip  ;  its  flower  confifts  of  fix  leaves,  in 
the  middle  whereof  arifes  the  piftil,  and  a- 
round  that  are  rang’d  a  number  of  little  threads, 
which  terminate  a-top  in  little  bunches  replete 
with  a  fine  powder.  This  is  the  general 
flru&ure  of  flowers ;  tho’  we  find  it  diverfi- 
fied  a  thoufand  ways,  fome  fpecies  appearing 
to  want  one  part,  and  fome  another,  and  fome 
even  the  whole  flower. 

The  dull  contained  in  the  apices,  M  Tour~ 
nefort  took  to  be  only  a  fort  of  excrement, 
remaining  of  the  food  of  the  fruit ;  and  the 
Jiamina  to  be  no  other  than  excretory  du£ls. 
But  M.  Morland,  M.  Geoffroy,  and  other  of 
the  later  authors,  are  agreed  on  affigning  them 
nobler  ufes.  On  their  principle,  the  Jiambia, 
with  the  apices  and  farina,  make  the  male 
part  of  the  plant ;  and  the  pijlil  the  female. 

At  the  bottom  of  the  piftil-  of  the  lilly, 
Mr.  Bradley  obferves  a  veffel,  which  he  deno¬ 
minates  in  a  particular  manner  the  uterus,  or 
womb :  it  contains  three  ovaries,  which  are 
filled  with  little  eggs,  or  rudiments  of  fruit, 
like  thofe  found  in  the  ovaria  of  animals ;  and 
which,  he  adds-,  always  decay,  and  come  to 
nothing,  unlefs  impregnated  with  the  farina 
of  the  fame  plant,  or  fome  other  of  the  fame 
kind.  The  ftamina,  according  to  him,  ferve 
for  the  conveyance,  or  perhaps  the  fecretion 
of  the  male  fperm,  to  be  perfedled  in  the  a- 
pices,  which  anfwer  to  the  vtfeculee  feminales  j 
whence,  being  emitted  into  the  orifice  of  the 
piftil,  it  is  either  conveyed  thence  into  the  u- 
tricle,  to  fecundify  the  female  ova  ;  or  it  is 
lodg’d  in  the  piftil,  and  by  fome  magnetic 


power  draws  the  nourilhment  from  other  parts 
of  the  plant  into  the  embryo’s  of  the  fruit : 
and  thus  makes  them  lwell,  grow,  &c. 

Accordingly,  the  difpofttion  of  the  piftil, 
and  apices  about  it,  is  always  fuch,  as  that 
the  farina  may  fall  on  its  orifice :  ’tis  ufually 
lower  than  the  apices’,  and  when  we  perceive 
it  grown  higher,  we  may  conclude  the  fruit 
has  begun  to  form  itfelf,  and  has  no  further 
occafion  for  the  male-dull.  Add,  that  as 
foon  as  the  affair  of  generation  is  over,  the 
male  parts,  together  with  the  leaves,  fall  off; 
the  reft  of  the  work  being  left  to  the  female  • 
and  at  the  fame  time,  the  piftil,  or  neck  of 
the  uterus,  begins  to  contract  itfelf.  Nor  mull  it  - 
be  omitted,  that  the  top  of  the  piftil  is  always 
either  cover’d  with  a  kind  of  velvet- facing,  or 
emits  a  gummy  j  uice,  the  better  to  catch  and 
retain  the  dull  of  the  apices.  In  flowers  that 
turn  downward,  the  piftil  reaches  much  lower 
than  the  fainina,  that  the  dull  may  fall  in- 
fufficient  quantity  from  their  apices  for  the- 
bofinefs  of  impregnation. 

This-fyftem  of  vegetable  generation  favours' 
much  of  that  admirable  uniformity,  every 
where  obferved  in  the  works  of  nature  ;  but 
’tis  experience  alone  muft  determine  for  it. 
Accordingly,  M  Geoffroy  allures  us,  that  in 
all  the  obfervations  he  had  made,  the  cutting: 
off  the  piftil,  before  it  could  be  impregnated.* 
by  the  farina ,  a&ually  render’d  the  plant* 
barren  for  that  feafon,  and  the  fruits  abor' 
tive  :  And  the  like  has  been  oblerv’d  by  Mr.; 
Bradley  and  others  * 

In  many  kinds  of  plants,  as  the  oak,  pine,- 
willow,  & c.  the  flowers  are  fterile,  and  grow* 
feparate  from  the  fruit :  but  thefe  flowers, 
M  Geoffroy  obferves,  have  their  f  an:ir, a  ar.ds 
apices,  whole  farina  may  eafily  impregnate 
the  rudiments  of  the  fruit,  which  are  not  • 
far  off. 

Indeed,  there  is  fome  difficulty  in  reconci¬ 
ling  this  fyllem  with  a  certain  fpecies  of  plants  > 
which  bear  flcwers  without  fruit ;  and  an¬ 
other  fpecies  of  the  fame  kind  and  denomina¬ 
tion,  which  bear  fruit  without  flowers  :  fuch 
are  the  palm,  hemp,  hop,  poplar ,&c.  which 
are  hence  diliingnifti'J  into  snule  and  female .* 
For  how  Ihould  the  farina  of  the  male  here. 

come  • 
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fpiri't,  or  aura,  which  ripe  flowers  dlftufe,  and  which  by  its  genial  odour 
proves  beneficial  to  the  embryo  :  it  is  in  effedt  of  a  moft  pure  and  excellent 
nature,  eafily  debafe'd  and  fpoiled  by  the  mixture  of  other  matters. 

17.  Herealfo  is  produced  the  true  honey,  which  exuding,  is  received  into 
the  CotyU  ;  which  are  admirably  contrived  by  nature  and  fixed  to  the  bottom 
of  the  Pctala.  The  bees  Tipping  up  this  juice,  convey  it  into  their  utricles,  from 
whence  they  afterwards  difgorge  it  into  their  combs,  and  feal  it  up  with  wax. 
On  the  Apices  of  the  Stamina ,  as  well  as  on  the  leaves  themfelves,  is  alfo 
found  wax  ;  which  the  fame  infefts  ferape  oft  with  their  rough  feet,  form  into 
globules,  lay  upon  the  .hind  part  of  their  Abdomen ,  and  thus  carry  to  their 
hives,  to  be  of  ufe  for  making  and  fealing  up  their  combs. 

18.  The  fruit  is  the  part  wherein  the  feed  is  conceived  and  formed.  The  feed 
is  the  Embryo  of  the  plant,  with  a  Placenta ,  or  Cotyledon ,  either  fingle, 
double,  or  manifold,  to  which  the  Embryo  is  faftened  by  an  umbilical  firing  (z). 
The  Cotyledons  ufually  contain  a  balfam,  which  is  repofited  in  proper  cells, 

1  and 


come  to  impregnate  the  ova  of  the  female  ? 
This  difficulty  ML  Geojfroy  folves,  by  fuppo- 
ftng  the  wind  to  be  the  vehicle  that  conveys 
the  male  dull  to  the  female  uterus :  which  is 
confirm’d  by  an  inftancefrom  Jovianus  Ponta- 
nus,  of  a  fingle  female  palm-tree  growing  in 
a  foreft,  which  never  bore  fruit ;  till  having 
rifen  above  the  other  trees  of  the  foreft,  and 
being  then  in  a  condition  to  receive  the  farina 
of  the  male  by  the  wind,  it  began  to  bear 
fruit  in  abundance.. 

For  the  manner  wherein  the  male  dull  fe- 
cundifies  the  ova,  M-  Geojfroy  advances  two 
opinions ;  correfponding  to  the  two  fy Herns 
of  animal  generation :  the  firft,  that  the  fa¬ 
rina  being  always  very  fulphurous,  and  con- 
lifting  of  fubtile  penetrative  parts,  when  it 
falls  on  the  piftil,  refolves ;  and  its  more  ac¬ 
tive  parts  penetrating  into  the  ovary  and  ova, 
excite  a  fermentation,  which  putting  the  latent 
juices  of  the  young  fruit  in  motion,  occafions 
the  parts  to  unfold.  In  this  hypothefis  the 
grain  or  ovum  is  fuppofed  to  contain  the  plant 
in  miniature;  and  only  to  want  a  proper  juice 
to  put  it  upon  expanding. 

In  the  fecond,  the  farina  of  the  male  plant 
is  fuppofed  to  be  the  firft  germ  or  femen  of 
the  new  plant ;  and  that  it  needs  nothing  to 
enable  it  to  unfold  and  grow,  but  a  fuitable 
nidus,  with  proper  food,  which  it  finds  pre¬ 
pared  in  the  ovar/. 

This  latter  opinion  feems  more  agreeable 
to  obfervation ;  for  the  little  embryo's  of  the 
ovary,  view’d  with  the  beft  microfcopes,  don’t 
difeover  the  leaft  appearance  of  a  bud  before 
the  apices  have  fhed  their  feed.  In  legumi¬ 
nous  plants,  if  the  pet  ala  and  famina  be  re¬ 
moved,  and  the  piftil,  or  part  which  becomes 


the  pod,  be  view’d  with  a  microfcope,  e’er 
yet  the  flower  be  blown  ;  the  little,  green, 
tranfparent  veficulf ,  which  are  to  become 
the  grains,  will  appear  in  their  natural  order, 
but  without  Ihowing  any  thing  elfe  befide  the 
mere  coat  or  Ikin  of  the  grain.  If  the  fame 
obfervation  be  continued  for  feveral  days  fuc- 
ceflively  in-  other  flowers,  as  they  advance, 
the  vefculae  will  be  found  to  fwell,  and  by 
degrees  to  become  replete  with  a  limpid  li¬ 
quor,  wherein,  when  the  farina  comes  to  be 
ftied,  will  appear  a  little  greenifh  fpeck  or 
globule,  floating  about  at  liberty.  This  cor- 
pufcle  at  firft  fliews  no  figns  of  organization; 
but,  in  procefs  of  time,  as  it  grows  in  bulk,  we 
begin  to  diftinguilh  two  little  leaves  or  horns : 
the  liquor  waftes  infenfibly,  as  the  corpufcle 
grows,  till,  at  length,  the  whole  grain  be¬ 
comes  folid  and  opake ;  and  then,  upon  open¬ 
ing  it,  we  find  its  cavity  fill’d  with  a  young 
plant  in  miniature,  and  eafily  defery  a  />/«- 
mula,  or  future  ftem  ;  a  radicle,  or  root ;  and 
the  lobes  of  the  bean  or  pea. 

It  may  be  added,  that  the  vefculre,  or 
grains,  have  little  apertures  which  correfpond 
to  that  of  the  piftil,  by  means  whereof  the 
fmall  particles  of  the  farina  will  find  an  eafy 
paflage  into  the  embryo  of  the  grain.  To 
this  aperture  or  cicatricula,  the  radicle,  when 
form’d,  correfponds ;  and  thro’  this  it  pafles, 
when  the  grain  comes  to  germinate  *. 

(2)  ’Tis  very  remarkable,  how  the  plumule, 
or  future  ftem  fhould  always  get  uppermoft  ; 
and  the  radicle,  or  root,  be  turned  down¬ 
wards  ;  -and  this  too,  perpendicularly  to  the 
horizon :  and  not  only  fo,  but  if,  by  any 
external  means,  the  ftem  be  diverted  from  this 
perpendicularity,  and  bent,  for  inftance,  to¬ 
wards 


*  See  the  Memoirs  de  /’  Acad,  an.  1711. 
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and  appears  to  be  the  laft  and  higheft  preparation  of  the  moift  kind,  which 
nature  here  lays  up  for  the  ufe  of  her  new  offspring.  In  this  is  an  oily,  te¬ 
nacious  matter  which  repels  all  other  moift  things,  defends  the  Embryo ,  and 
by  its  tenacity  retains  and  fetters  the  thin,  pure  fpirit,  which  is  the  ultimate 
bounds  and  obje£t  of  the  a<5tions  of  plants,  and  which  would  otherwife  eafily 
fly  away.  This  the  alchymifts  call  the  Spiritus  refior,  or  prefiding  fpirit, 
inhabitant  of  fulphur,  Arch  reus  and  fervant  of  nature.  This  oil  is  too  grofs 
ever  to  enter  the  fine  veffels  of  the  Embryo. 

The 


wards  the  earth  ;  inftead  of  perfevering  in 
that  direction,  it  makes  an  angle  or  elbow, 
and  redrefles  it  felf. 

The  fame  is  obferved  in  trees,  &c.  blown 
down,  with  their  roots,  by  the  wind ;  or  in 
thole  planted  in  pots,  upon  turning  the  pot  on 
one  fide. 

Now,  the  feed  from  which  a  plant  arifes, 
being  the  plant  it  felf  in  little ;  ’tis  eafy  to 
fuppofe,  that  if  it  be  depofited  in  the  ground, 
with  the  plumule  perpendicularly  upward, 
and  the  radicle  downward,  the  difpofidon 
fhould  be  maintained  in  its  future  growth. 
But  ’tis  known,  that  feeds  fown,  either  of 
themfelves,  or  by  the  help  of  man,  fall  at 
random ;  and  among  an  infinite  number  of 
fituations  of  the  plumule,  &c.  the  perpen¬ 
dicular  one  upwards  is  but  one  :  fo  that  in  all 
the  reft,  ’tis  neceflary  the  ftem  and  root  do 
each  make  a  bend,  to  be  able,  the  one  to  e- 
merge  direftly  upward,  the  other  downward. 
Now,  what  force  is  it  effefts  this  change, 
whiclr  is  certainly  an  aftion  of  violence  ? 

M.  Dodart,  who  firft  took  notice  of  the 
phenomenon,  accounts  for  it,  by  fuppofing 
the  fibres  of  the  ftem  of  fuch  a  nature,  as  to 
contraft,  and  fhorten,  by  the  heat  of  the  fun  ; 
and  lengthen  by  the  moifture  of  the  earth  : 
and  on  the  contrary,  the  fibres  of  the  root  to 
contraft  by  the  moifture  of  the  earth,  and 
lengthen  by  the  heat  of  the  fun.  On  this 
principle,  when  the  plantule  is  inverted,  and 
the  root  a-top ;  the  fibres  of  the  root  being  une¬ 
qually  expofedto  the  moifture,  viz.  the  lower 
parts  more  than  the  upper,  the  lower  will 
contract  more  ;  and  this  contraction  be  pro¬ 
moted  by  the  lengthening  of  the  upper,  from 
the  aftion  of  the  fun.  The  confequence 
whereof  will  be,  the  root’s  recoiling,  infinu- 
ating  further  into  the  earth,  and  getting  be¬ 
neath  the  body  of  the  feed.  In  a  word,  the 
earth  draws  the  root  toward  it  felf,  and 
the  fun  promotes  its  defeent ;  on  the  contrary, 
the  fun  draws  up  the  plume,  and  the  earth, 
in  fome  meafure,  fends  it  towards  the  fame  * . 

M.  de  la  Hire  accounts  for  the  fame  per- 

*  Mem.  de  l' dead,  an.  1700. 
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pendicularity,  by  only  conceiving  the  root  to 
draw  n  coarfer  and  heavier  juice  j  and  the 
ftem  a  finer,  and  more  volatile  one  ■:  in  the 
plantule,  therefore,  we  may  conceive  a  point 
of  feparation  ;  fuch,  as  that  all  on  one  fide, 
e.  gr.  the  radical  part  is  unfolded  by  the 
■grofler,  and  all  on  the  other  by  more  fubtle 
juices.  If  the  plantule  then  be  inverted  and 
the  root  a-top  ;  as  it  ftill  imbibes  the  grofler 
and  heavier  juices,  and  the  ftem  the  lighter  ; 
the  point  of  feparation  being  conceived  as  the 
fixed  point  of  a  lever,  the  root  muft  defeend, 
and  at  the  fame  time,  that  the  volatile  juices 
imbibed  by  the  ftem,  tend  to  make  it  mount. 
Thus  is  the  little  plant  turned  on  its  fix’d 
point  of  feparation,  till  it  be  perfectly  ereft  f. 

The  plant  thuserefted,  M.  Parent  accounts 
for  the  item’s  continuing  to  rife  in  the  vertical 
direction,  thus  :  the  nutritious  juice  being 
arrived  at  the  extreme  of  a  rifing  ftalk,  and 
there  fixing  into  a  vegetable  fubftance  ;  the 
weight  of  the  atmofphere  muft  determine  it  to 
fix  in  a  vertical  pofition  ;  fo  that  the  ftalk 
will  have  acquired  a  new  part,  perpendicu¬ 
larly  over  the  reft  ;  juft  as  in  a  candle,  which 
held  any  how  obliquely  to  the  horizon,  the 
flame  will  ftill  continue  vertical,  by  the  pref- 
fure  of  the  air.  The  new  drops  of  juice  that 
fucceed,  will  follow  the  fame  direction,  and 
as  all  together  form  the  ftem,  that  muft  of 
courfe  be  vertical,  unlefs  fome  particular  cir- 
cumftance  intervene. 

Add,  that  whereas  the  branches  are  like- 
wife  obferved,  as  much  as  poflible,  to  affeft 
perpendicularity  ;  infomuch,  thattho’  they  be 
forced  to  fhoot  out  of  the  Items  horizontally, 
yet  in  their  progrefs,  they  ereft:  themfelves ; 
M.  Parent  folves  this  from  the  vertical  ten¬ 
dency  of  the  nutritious  juice  up  the  ftem:  for 
thejuice  being  received,  in  this  direction,  into 
the  new  tender  bud,  finds  at  firft  little  refift- 
ance ;  and  afterwards,  as  the  branch  grows 
firmer,  it  fur  nifties  a  longer  arm  of  a  lever  to 
aft  by  J. 

Laftly,  M.  Afiruc  accounts  for  the  perpen¬ 
dicular  aficent  of  the  Items,  and  their  redrefling 

themfelves, 
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19.  The  fpirit  being  invigorated  by  a  vegetable  power,  probably  breathes  a 
vital  principle,  and  impreffes  the  fpecific  charadter  on  the  food  deftined  for  the 
Embryo  ;  by  which  means  every  thing  afterwards  turns  to  the  proper  nature  of 
the  plant:  a:power  which  feems  peculiar  to  this  alone;  for  when  the  fpirit  is 
exhal’d,  the  oil  remains  inert  and  vapid.  In  this  Tpirit is  the  fragrant  odour  and 
proper  tafte  of  the  plant  lodged  ;  and  even  its.  peculiar  colour  has  a  near  de- 
pendance  hereon.  This,  Ifaac  Hollandus  in  his  phrafeology,  calls  Quinta 
MJfentia.  In  the  mean  time,  as  the  dry  and  brittle  fibres  of  plants  require  an 
oil  to  fupple  and  make  them  flexible,  without  danger  of  breaking  ;  there  is  an- 
other  kind  of  oil  lodged  in  plants,  which  runs  thro’  certain  veflels  placed  along 
the  woody  filaments  in  the  middle  of  the  fubftance  thereof,  and  which  upon 
heating -the  wood,  diflils  or  trickles  out,  and  may  by  heat,  or  length  of  time, 
be  eafily  converted  into  a  balfam,  or  rofin  [a).  The  oil  of  plants  being  con¬ 
cocted 


themfelves,  when  bent ;  on  thefe  two  princi¬ 
ples.  1.  That  the  nutritious  juice  arifes  from 
the  root  to  the  top,  in  longitudinal  tubes,  pa¬ 
rallel  to  the  fides  of  the  plant,  which  commu¬ 
nicate,  either  by  themfelves  or  by  means  of 
other  horizontal  tubes,  proceeding  from  the 
circumference  of  the  plant,  and  terminated  in 
the  pith.  2.  That  fluids  contain’d  in  tubes, 
either  parallel,  or  oblique  to  the  horizon  ; 
gravitate  cm  the  lower  part  of  the  tubes,  and 
not  at  all  on  the  upper. 

For  hence  it  eafily  follows,  that  in  a  plant 
poflted  either  obliquely,  or  parallel  to  the  ho¬ 
rizon,  the  nutritious  juice  will  afl  more  on  the 
lower  part  of  the  canals,  than  the  upper ;  and 
by  that  means  infinuate  more  into  the  canals 
communicating  therewith,  and  be  colledted 
more  copioufly  therein ;  thus  the  parts  on  the 
lower  fide  will  receive  more  accretion,  and  be 
more  nourifhed  than  thofe  on  the  upper  ;  the 
confequence  whereof  inuft  be,  that  the  extre¬ 
mity  of  the  plant  will  be  obliged  to  bend  up¬ 
ward. 

The  fame  principle  brings  the  feed  into  its 
due  fltuation  at  firft  :  in  a  bean  planted  upfide 
down,  the  plume  and  radicle  are  eafily  }  er- 
ceived,  with  the  naked  eye,  to  fhoot,  at  firft, 
directly,  for  about  an  inch ;  but  thenceforth 
they  begin  to  bend,  the  one  downward,  and 
the  other  upward. 

The  like  is  feen  in  a  heap  of  barley,  to  be 
mhde  into  malt,  in  a  quantity  of  acorns  laid  to 
fprout  in  a  moift  place,  each  grain  of 
barley,  in  the  firlt  cafe,  and  each  acorn  in  the 
fecond,  has  a  different  fltuation  :  and  yet  all 
the  buds  tend  direftiy  upward,  and  the  roots 
downward,  and  the  curvity,  or  bend  they 
make,  is  greater  or  lefs,  as  their  fltuation  ap¬ 
proaches  more  or  lefs  to  the  direft  one,  wherein 
no  curvature  at  all  would  be  neceffary.  Now, 
two  fuch  oppoflte  motions  cannot  arife,  with- 
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out  fuppofing  fome  conhderable  difference  be¬ 
tween  the  two  parts.  The  only  one  we  know 
of,  is,  that  the  plume  is  fed  by  a  juice  im¬ 
parted  to  it  by  tubes,  parallel  to  its  fides  j 
whereas  the  radicle  imbibes  its  no'urifhment 
at  all  the  pores  in  its  furface.  As  oft,  there¬ 
fore,  as  the  plume  is  either  parallel  or  inclined 
to  the  horizon,  the  nutritious  juice  feeding  the 
lower  parts  more  than  the  upper,  will  deter¬ 
mine  its  extremes  to  turn  upward  j  for  the 
reafons  already  afligned.  On  the  contrary, 
when  the  radicle  is  in  the  like  fltuation,  the 
nutritious  juice  penetrating  more  copioufly 
thro’ the  upper  part  than  the  under,  there  will 
be  a  greater  accretion  of  the  former  than  the 
latter ;  and  confequently,  the  radicle  will  be 
bent  downwards.  And  this  mutual  curvify  of 
the  plume  and  radicle  muft  continue  till  fuch 
time  as  their  fides  are  nourilh’d  alike,  which 
cannot  be  till  they  are  perpendicular  *. 

[a)  There  are  three  principal  balms  or  bal- 
fams  in  ufe  among  us  ;  viz  balm  of  Gilead, 
of  Peru,  and  Capivi.  The  firft,  which  gives 
the  denomination  to  all  the  reft,  iflues  out  at 
inciftons  made  in  the  body  of  a  tree,  called 
baljamum ,  growing  in  Egypt  and  'Judea.  I  he 
juice,  called  alfo  opo-balfamum,  at  firft  is  liquid, 
but  afterwards  hardens  into  the  form  we  fee  it 
in.  ’  Fis  rarely  had  unfophifticated.  The 
marks  of  purity  and  goodnefs  are,  to  have  a 
brifk  pungent  fmell,  nothing  tart,  to  be  eafily 
difloluble,  aftringent  and  pungent  to  the  tafte. 
Its  colour  is  a  golden  yellow,  and  its  flavour 
has  fomewhat  of  the  citron.  The  fruit  of  the 
tree,  called  carpo-balfamum,  and  the  wood 
xylo-balfa tn um ,  have  fomewhat  of  the  virtue  of 
the  balm  it  felf. 

The  balfam  of  Peru  is  differently  denomi¬ 
nated,  according  to  the  parts  it  is  obtained 
from  :  balm  of  incifion  is  a  whititb,  vifcid  juice, 
diftilling  from  inciftons  in  the  tree  ;  and  after¬ 
wards 
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coded  by  the  fummer’s  heat,  and  being  lefs  expofed  to perfpire  than  the  other 
humours,  is  drawn  forth  into  the  bark,  which  is  furnifhed  with  Lacuna ,  an- 
fwering  to  the  Membrana  adipofa  of  animals.  Here  it  is  flopp’d  and  colleded 
together  by  the  autumnal  cold,  and  ferves,  in  the  courfe  of  the  winter,  as  a 
kind  of  lining  and  fat  to  defend  the  body  of  the  plant,  and  prevent  its  being 
injured  by  the  froft,  or  foaking  rains.  It  always  contains  an  acid  fpirit  which 
is  a  prefervative  from  rotting. 

20.  In  fome  Afiatic  and  Indian  plants  the  whole  value  confifts  in  the  oil  of  The  bark, 
the  bark  *,  particularly  in  the  inftance  of  cinnamon,  whofe  bark  is  replete  with 

that  celebrated  oil,  more  priz’d  than  gold  it  felf.  The  bark  of  the  root  of  the 
fame  plant  yields  a  furprizing  oil,  of  great  medicinal  virtue,  from  its  fmell 
falfly  called  camphire.  The  American  tree,  faflafras,  likewife  contains  a  noble 
oil  in  its  bark  •,  and  the  like  is  found  in  feveral  medicinal  plants  of  Europe ,  as 
caper,  tamarifk,  afh,  and  the  famous  American  quinquina ,  whofe  chief  vir¬ 
tues  are  lodged  in  the  bark.  This  oil  in  the  winter-time  is  found  plentifully 
in  the  bark,  but  in  the  fummer  and  fpring  the  warmth  of  the  air  makes  all  the 
juices  of  the  plant,  which  are  impregnated  with  the  fpecific  water,  fait,  and 
fapo  of  the  plant,  pafs  eafily  through  this  external  tegument  of  trees,  called 
the  bark:  whence  of  late  the  chemifts  have  found  means  of  procuring 
very  different  things  from  the  bark,  befldes  what  was  formerly  done. 

21.  This  native  oil  of  the  bark,  when  firft  collected,  is  liquid,  but  after  con¬ 
tinuing  fome  time,  and  becoming  gradually  infpiflated  by  the  fun’s  heat,  it 
appears  in  the  form  and  thicknefs  of  a  balfam,  and  changes  its  name  ac¬ 
cordingly  ;  by  a  ftill  longer  continuance,  and  a  more  intenfe  heat,  it  grows  yet 
thicker,  and  becomes  a  kind  of  femi-rofin  •,  and  by  a  further  increafe,  or  con¬ 
tinuation  of  the  fame  caufes,  the  oil  at  length  acquired  both  the  nature  and 
name  of  a  rofin  :  which  from  this  origin  becoming  more  exhauffed  of  its  acid 
fpirit,  will  wholly  burn  in  the  fire,  liquify  by  the  fame,  diflolve  and  mix  with 
oil,  obftinately  refufe  to  mix  with  water,  harden  in  the  cold,  and  when 
cold,  lay  afide  its  oleaginous  tenacity,  and  become  friable  {b).  The  refin 
it  felf  being  ftill  further  conco&ed,  and  confequently  hardened,  is  called 
colophony  (c). 

Here 


wards  dried  and  hardened.  Dry  balm,  is  of  a 
reddilh  colour,  and  ouzes  from  the  tips  of  the 
branches,  cutoff  for  that  purpofe.  It  is  like 
milk  at  firil,  and  only  reddens  by  being  ex¬ 
pofed  to  the  fun.  Balm  by  lotion  is  black,  and 
comes  from  the  bark,  and  from  little  branches 
and  leaves  chopt  fmall  and  boil’d  together. 

The  balfam  of  Copau  or  Capivi  comes  from 
Brajil.  It  is  in  form  of  an  oil  ;  and  is  either 
thick  or  tranfparent :  the  firft,  white,  and  of 
a  refinous  tafte ;  the  fecond  more  on  the  yel¬ 
low. 

(b)  The  pitch  in  ufe  among  us,  is  faid  by 
fome  tobeagum  ift'uing  from  the  larch,  maftic, 
or  turpentine  tree  ;  but  in  reality  is  no  more 
than  the  juice  of  the  pine,  or  fir,  burnt  and 
reduced  into  rofin,  with  a  mixture  of  tar,  to 


give  it  the  colour.  Sir  G.  Wheeler  gives  us 
the  way  of  preparing  pitch,  as  .pra&ifed  in  the 
Levant :  a  ditch  being  dug  in  the  ground, 
two  yards  wide  at  top,  but  growing  lefs  and 
lefs  towards  the  bottom  ;  they  fill  this  pit, 
with  branches  of  pine  ;  chufing  fuch  as  have 
the  moft  gum,  and  obferving  firft  to  flit  them 
into  little  ihivers,  which  they  lay  over  one  an¬ 
other,  till  the  place  be  full.  This  done, 
they  cover  the  pit  with  fire ;  which  burning 
the  wood,  the  pitch  falls  down,  and  trickles 
out  at  a  little  hole  made  in  the  bottom  of  the 
Pic 

(<•)  To  this  clafs  belong  turpentine,  maftic, 
camphor,  &c. 

Some  naturalifts  diftinguifh  two  kinds  of 
rofins,  liquid  and  /olid.  The  firft  is  the  juice, 

U  juft 
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22.  Here  is  alfo  found  another  juice  called  ;  gum  which  is  vifcid  and  tena^ 
cious,  liquifies  by  the  fire,  and  burns  therein,  and  in  the  cold,  unlefs  it  be  very 
fevere,  retains  its  tenacity ;  yet  perfectly  diffolves  in  water.  This  oily  mucilage 
inverts  the  buds  of  trees,  and  thus  covers  and  defends  them,  but  melts  by  a 
moift  warmth,  and  thus  eafily  difengages  it  felf ;  nor  does  it  harden  into  a 
cruft,  which  might  be  detrimental  to  the  tender  growing  buds. 

23.  When  this  gum  happens  to  mix  with  the  rofin  about  the  bark,  which  is 
frequently  the  cafe  in  umbelliferous  plants,  a  new  juice  arifes  herefrom,  called 
a  gummy-rofin  :  one  part  whereof  is  of  a  gummous  nature,  and  eafily  diflolves 
in  water  ;  the  other,  like  a  rofin,  flies  from  water  and  readily  mixes  with  oil. 
This  property  is  found  in  aloes,  galbanum ,  myrrh,  and  feveral  others. 

24.  Laftly,  in  every  plant  is  found  one  proper,  or  fpecific  juice,  formed 
by  the  joint  force  or  refult  of  all  the  parts  of  the  body  fucceflively  apply’d  to 
the  crude  juice  imbib’d  *,  and  being  thus  ultimately  prepared,  contains  the  true 
properties  of  the  plant,  and  the  virtues  arifing  from  them :  this  can  fcarce  be 
referred  to  any  clafs  of  known  things,  but  muft  be  confidered  as  a  thing  An¬ 
gular  and  ofits  own  kind. 

25.  If  a  leaf  of  the  greater  celandine  be  viewed  as  it  grows  on  a  living,  vigo¬ 
rous  plant ;  the  fibres  may  be  feen  ifluing  from  the  ftalk  of  the  leaf,  and  opening 
and  difperfing  themfelves  thro*  the  whole  extent  thereof.  Thefe  ramifica¬ 
tions  frequently  unite  together,  and  form  as  it  were  a  kind  of  net- work ; 
wherewith  the  whole  area  of  the  leaf  is  filled.  Upon  pricking  one  of  thefe 
nerves,  there  immediately  ifiiies  out  of  the  wound  plenty  of  a  golden  juice, 
which  contains  the  genuine  virtues  of  the  plant  celandine  \  fo  in  the  common 
aloes,  in  the  fpring-time,  we  find  a  yellow,  bitter  juice  lodged  in  proper  duds 
for  the  purpofe,  and  capable  of  being  drawn  thence  by  art :  fo  a  wounded 
poppy  emits  a  pure  milky  opium.  But  if  thefe juices  be  mixed  with  others  of 
the  fame  plant,  there  will  arife  from  the  mixture  fomething  very  different 
from  what  they  are  when  feparate(J). 

26.  Thus  much  we  thought  proper  to  explain  concerning  the  hiftory  of 
plants,  before  proceeding  to  fhew  in  what  manner  they  are  treated  by  chemiftry  * 
and  this  may  fuffice.  Hence  appears  the  vanity  of  thofe  chemifts  who  undertake 
to  exhibit  fuch  parts  of  vegetables  feparate  from  the  reft,  wherein  the  whole 
virtue  of  each  plant  is  lodged.  ’Tis  certain  they  muft  either  have  fome  other 
means  for  obtaining  this  end,  very  different  from  any  hitherto  known,  or  all 
their  endeavours  will  little  avail,  except  to  deceive  themfelves. 

27.  With  the  chemifts  leave,  their  diftillation,  fermentation,  putrefadion  and 
calcination  make  fuch  a  change  in  the  peculiar  texture  of  each  body,  and  the 
medicinal  virtues  dependant  thereon,  that  the  utmoft  caution  muft  be  ufed  be¬ 
fore 


juft  as  it  diftils  from  the  tree  ;  the  fecond  only 
differs  from  this,  in  that  it  has  been  infpif- 
fated  by  the  heat  of  the  fun,  or  fire. 

The  common  colophony  is  only  turpentine, 
boil’d  in  water,  to  a  folid  confidence.  Pills 
made  hereof  are  what  we  call  turpentine-pills, 
fo  much  ufed  in  the  venereal  difeafe,  c. 

{, d)  Vegetable  bodies  are  found  more  unir 

*  Homberg.  Mem.  de  P Acad,  an,  1702. 


form  in  refpett  of  their  elements,  than  fof- 
fils :  in  the  analyfis,  they  all  afford  fait , 
water,  earth  and  fulphur  ;  but  then  the  fait  is 
of  three  feveral  forts,  viz.  acid,  urinous, 
and  lixiviate*.  Thefe  principles  are  all  more 
or  lefs  volatile,  as  a  greater  or  lefs  fire  is 
ufed  :  or  as  the  plant  has  been  fermented  or 
not  f. 
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fore  the  caufe  of  their  action  can  be  aligned.  It  does  not  hence  follow  that  fo 
noble  a  fcience  ihould  be  rejected,  but  rather  cultivated  with  the  more  zeal, 
as  being  the  only  one  that  ftiews  what  may  be  drawn  out  of  a  body  by  any 
certain  operations,  and  the  only  one  that  detects  the  failings  of  its  prof.  (Tors  ; 
two  excellencies  which  enable  it  to  produce  an  infinite  number  of  beauti’ui  and 
ufeful  things.  A  fpiritus  re&or,  or  prefidrng  fpirit,  a  fovereign  oil,  the 
true  feat  of  this  fpirit,  an  acid  fait,  a  neutral  fait,  an  aicaline  fait,  either  fix’d 
or  volatile,  an  oil  mixed  with  fait  after  the  manner  of  a  foap,  and  a  fapona- 
ceous  juice  hence  arifing,  an  oil  firmly  adhering  to  the  earth,  fo  as  fcarce  to  be 
leparable  therefrom  *,  and  laftly  earth  it  felf,  the  genuine  firm  bafis  of  all  the 
reft :  thefe  are  the  principles,  or  matters,  which  a  well-condudted  chemiftry  has 
hitherto  produced  from  plants  (e). 

Of 


[e)  Agreeably  to  the  method  hitherto  ob- 
ferved,  it  will  beneceflary  to  fubjoin  afcheme, 
or  diviflon  of  the  feveral  fubje&s  of  the  vege¬ 
table  kingdom. 

Plants,  then,  are  popularly  divided,  with 
refpeft  to  magnitude,  into  trees,  arbor es  ; 
fhrubs,  f rut  ices  ;  and  herbs,  or  fuffrutic.es . 
Again,  with  refpeft  to  their  food,  and  the  ele¬ 
ment  they  live  in,  plants  are  divided  into  ter- 
r  eft  rial,  or  land-plants  ;  aquatic  or  water- 
plants  ;  and  amphibious,  or  thofe  which  live 
indifferently  in  land  or  water. 

The  botanills  make  more  minute  diflribu- 
tions  :  Mr.  Ray  particularly  ,  diflinguifhes 
plants  into  25  clafles,  or  genera:  viz.  1 .  Im¬ 
perfect  plants,  which  are  fuch  as  appear  to 
want  the  flower  and  feed,  as  corals,  fpunges, 
idle.  2.  Plants  producing  an  imperfedi  flower, 
and  whofe  feed  is  too  fmall  to  be  difcerned  by  the 
naked  eye,  as  fern,  polypody,  idle.  3.  Thofe 
whofe  flowers  want  pet  ala,  as  hops,  hemp, 
nettles,  docks.  4.  dhofe  with  a  compound 
flower,  and  which  emit  a  milky juice  when  cut 
or  broke  ;  as  lettice,  dandelion,  fuccory,  idle. 
5  Thofe  with  a  compound  flower  of  a  difcous 
form,  and  whofe  feed  is  wing'd  with  down  j  as 
colts-foot,  flea-bane,  idle.  6.  Herbee  capitate, 
or  thofe  whofe flower  is  compofed  of  long,  flflu- 
hus  flowers  gathered  into  a  round  head,  and 
covered  with  a  fcaly  coat  ;  as  the  thiille, 
great  burdock,  blue-bottle,  idle.  7.  Corym- 
biferous  plants  with  a  difcous  flower,  but  no 
down  ;  as  the  daify,  yarrow,  corn-marygold, 
idle.  8.  Plants  with  a  perfedt  flower,  but  only 
one  feed  to  each  flower ;  as  valerian,  agrimony, 
burnet,  idle.  9.  Umbelliferous  plants,  with  a 
flower  of  five  petala,  and  two  feeds  to  each 
flower :  which  being  a  large  genus,  is  fubdi- 
vided  into  feven  fpecies ;  viz.  thofe  with  a  broad 
flat  feed  like  a  leaf,  as  wild  garden-parfnip  : 
with  a  longifh  and  larger  feed,  fwelling  in 
the  middle,  as  cow-weed,  and  wild  chervil : 
with  a  fhorter  feed,  as  angelica :  with  a  tu¬ 


berous  root,  as  the  earth-nut :  with  a  fmall 
ftriated  feed,  as  caraway,  faxifrage,  and  bur- 
net :  with  a  rough  hairy  feed,  as  parfly,  wild 
carrot :  with  entire  leaves  undivided  into  jags, 
as  fenicle,  and  thorowax.  10.  Stellate  plants, 
whofe  leaves  grow  round  the  flalks,  at  certain 
intervals,  in  form  of  liars  ;  as  mugweed,  mad¬ 
der,  idle.  ir.  Rough -leav'd  plants,  which 
have  their  leaves  placed  alternately,  or  in  no 
certain  order  along  the  flalks ;  as  hounds- 
tongue,  moufe-ear,  idle.  12.  Suffrutices  or 
verticillate  plants,  whofe  leaves  grow  by  pairs, 
on  their  flalks,  one  leaf  right  againfl  another  ; 
the  flower  being  monopetalous,  and  ufually 
in  form  of  a  helmet  :  as  thyme,  mint,  penny¬ 
royal,  vervain,  idle.  13.  Palyfpermous,  or 
thofe  with  many  naked  feeds,  at  leafl  more 
than  four,  fucceeding  their  flower,  as  crow’s- 
foot,  marfh-mallows,  cinquefoil,  llrawberries, 
idle.  14.  Bacciferous  plants,  or  fuch  as  bear 
berries  ;  as  briony,  honeyfuckie,  Solomon's 
feal,  lilley  of  the  valley,  nightfhade,  afpara- 
gus,  idle.  15.  Multifiliquous  or  corniculate 
plants,  which  after  each  flower  produce  feveral 
long,  flender  Jiliquas.  or  cafes  wherein  their 
feed  is  contained  ;  as  orpine,  navelwort  bears- 
foot,  columbines,  iff  c.  16.  V afeuliferous plants, 
or  thofe  with  a  monopetalous  flower,  and  which 
after  each  flower  have  a  veflel,  befide  the  ca¬ 
lyx,  containing  the  feed  ;  as  henbane,  bind¬ 
weed,  rampions,  fox  glove,  eye  bright,  id$ c. 

1 7.  Thofe  with  an  uniform  tetrapetalous flower, 
bearing  their  feeds  in  oblong  filiquous  cafes, 
as  ftock-jillyflower,  muftard,  radifh,  idle. 

18.  Vafculiferous  plants,  with  a  feeming  tetra¬ 
petalous  flower,  but  of  an  anomalous,  or  un¬ 
certain  kind,  and  in  reality  only  monopetalous, 
falling  off  all  together  in  one,  as  f peed  well, 
fluellin,  plantain,  yellow  and  wild  poppy, 
Ifc.  19.  Leguminous  plants ,  or  fuch  as  bear 
pulfe,  with  a  papilionaceous  flower,  confifting 
of  four  parts,  join’d  at  the  edges ;  as  peas, 
beans,  vetches,  tares,  lentiles,  liquorice,  trefoil, 

U  2  &c. 
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Of  A  N  I  M  A  L  S. 

1 .  The  third  kind  of  bodies  confidered  by  chemifts  includes  the  animal  king¬ 
dom  ;  we  mean  the  bodies  of  animals,  and  the  parts  thereof :  The  other 
principle,  viz.  the  mind,  being  no  way  the  fubjedt  of  chemical  enquiries. 

“  An  animal,  therefore,  in  this  fenfe,  may  be  defined,  an  hygraulic  body 
“  which  lives  by  a  continual  determinate  motion  of  juices  in  veflels;  and 
“  containing  vafcular  parts  within  it  felf,  whereby,  as  with  roots,  it  imbibes 
4C  the  matter  of  its  nutriment  and  accretion  (/).” 

2.  The  veflels  which  do  this  office  of  roots  are  found,  in  almofi:  all  known 
kinds  of  animals,  chiefly  feated  in  the  cavity  of  their  fmall  inteftines,  and 
known  by  the  names  ofladteals  and  mefenteries.  The  meat  and  drink  which 
is  brought  to  the  abforbent  mouths  of  thefe  veflels  afford  the  nutrimental 
matter,  and  fupply  the  office  which  the  earth  does  to  plants ;  the  cavity 
therefore  of  the  mouth,  gullet,  ftomach,  and  fmall  guts,  which  are  in  every 
animal,  contribute  to  the  fame  •,  and  thus  plants  imbibe  their  food  by  external 
roots,  animals  by  internal  ones  ;  and  the  alimental  earth  which  is  always  on 
the  outfide  of  plants,  is  withinfide  of  animals  •,  which  condition  even  obtains 
in  thofe  kinds  of  animals  that  naturally  adhere  by  a  ftrong  ligament  to  fome  o- 
ther  body,  as  we  find  in  muflels,  oyfters,  and  other  Zoophytes  whofe  fhell  grows 
faft  by  a  callous  fubftance  to  fome  adjacent  ftone,  or  wood  •,  yet  thefe  tefta- 
ceous  covers  are  regularly  nourifhed,  while  the  animal  lives,  by  certain  veflels 

appro- 

fhells,  To  that  it  cannot  go  to  feek  for  food, 
but  the  food  muft  come  to  feek  it.  This  food 
is  water,  which,  as  the  fhells  open,  enters  in  at 
the  anus  of  the  muffel,  which  opens  at  the 
fame  time  ;  and  palling  thence  into  certain 
canals  between  the  inner  furface  of  the  fhell, 
and  the  outer  furface  of  the  animal,  is  con¬ 
vey’d  thence  into  its  mouth,  by  a  certain 
motion  which  the  animal  can  produce  at  plea- 
fure.  From  the  bottom  of  the  mouth  pro¬ 
ceeds  a  fort  of  inteftine,  which  paffing  thro’ 
the  brain,  and  making  feveral  circumvolu¬ 
tions  in  the  liver,  trayerfes  the  heart,  and  ter¬ 
minates  in  the  anus.  Nor  does  the  canal, 
taken  for  an  inteftine,  feem  proper  to  carry 
the  food  for  the  nourifhment  of  the  parts ; 
fince  it  does  not  diftribute  any  branches  there¬ 
to.  Add,  that  it  has  no  veins,  or  arteries, 
nor  any  circulation  :  and  what  is  yet  further 
furprizing,  it  is  an  hermaphrodite ;  but  an 
hermaphrodite  differing  from  all  others  of 
that  kind  known,  as  propagating  indepen¬ 
dently  of  any  other  animal,  and  is  itfelf 
both  the  father  and  the  mother  of  its  own 
offspring  *. 

The  ingenious  Dr.  Tyfon  fixes  the  criterion 
of  an  animal  to  be,  a  dudlus  alimentalis,  i.  e. 
a  gula,  ftomach,  and  inteftines,  all  which 
make  but  one  continued  canal. 

*  See  its  anatomy  at  length  in  the  Mem.  de  P  Acad.  R.  des  Selene. 


&c.  20.  Vafculiferous  plants ,  with  a  penta- 

petalous  or  five-  headed flower  ;  as  maiden  pinks, 
campions,  chickweed,  St.  ‘John' s-wort,  flax, 
primrofe,  wood-forrel,  &c.  21.  Plants  with 

a  true  bulbous  root,  as  garlic,  daffodil,  hya¬ 
cinth,  faffron,  &c.  22.  Thofe  whofe  roots 

approach  nearly  to  the  bulbous  form ,  as  flower 
de  lys,  cuckoo  pint,  baftard  hellebore,  &c. 
23.  Culmferous  plants,  with  a  graffy  leaf,  and 
an  imperfedl  flower,  having  a  fmooth,  hoi 
low,  jointed  ftalk,  with  a  long  fharp-pointed 
leaf  at  each  joint,  and  the  feed  contained  in 
a  chaffy  hufk ;  as  wheat,  barley,  rye,  oats, 
and  molt  kind  of  grafles.  24  Plants  with  a 
graffy  leaf,  but  not  culmferous,  with  an  im¬ 
perfect,  or  ftamineous  flower  ;  as  rufhes,  cats- 
tail,  iffc.  25.  Plants,  whofe  place  of  growth 
is  uncertain ;  chiefly  water-plants,  as  the  wa- 
ter-lilly,  milk-wort,  moufe-tail,  &c. 

(f)  As  circumfpeft  as  our  author  has  been 
in  framing  his  definition,  there  may,  perhaps, 
be  animals  it  does  not  agree  to  ;  and  fuch  we 
take  muffels  to  be.  '  That  anomalous  creature 
breathes,  and  receives  its  nourifhment,  not  at 
the  mouth,  but  by  the  anus.  The  part  which 
we  account  its  head,  tho’  without  either  eyes, 
ears,  or  tongue,  or  any  other  apparatus,  lave 
a  hole,  which  we  call  its  mouth ,  is  an  im¬ 
moveable  part ;  being  fatten’d  to  one  of  the 
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appropriated  for  that  office,  and  from  the  matter  of  the  body  it  felf ;  and  the 
animal  contained  in  them  receives  its  nutriment  by  the  mouth,  and  conveys  it 
to  the  inteftines,  like  other  animals  which  move  at  liberty  from  place  to 
place  (g). 


(g)  Some  of  our  lateft  naturalifts  have  dif- 
covered  a  progreflive  motion  in  feveral  ihell- 
filh,  which  were  reputed  to  be  fixed.  M. 
Poupart,  in  particular,  fhews  that  muflels 
walk  on  the  ground,  and  fome  fpecies  of 
them,  even  tumble  along  the  furface  of  the 
water.  Their  way  of  walking  is  thus  :  lying 
on  the  flat  of  their  fhells,  they  thruft  out  a 
part,  in  form  of  a  tongue,  which  from  its 
ufe  may  be  called  the  arm :  with  this  they 
make  little  motions  to  the  right  and  left,  and 
by  that  means  dig  a  paflage  in  the  fand  or  mud 
of  the  place.  In  this  digging,  they  ftoop 
gradually  on  one  fide ;  and  fo  get  the  fhell 
mounted  on  edge.  This  done,  they  ilretch 
the  arm  out,  as  far  as  they  can,  for  a  minute 
or  two ;  and  then  reft  on  its  extremity,  to 
draw  the  (hell  after  them,  as  water-fnails  do. 
Which  motion  they  repeat  as  long  as  they 
mean  to  walk ;  thus  forming  themfelves  a 
fort  of  groove  in  the  fand,  which  fuftains  the 
fhell  on  either  fide  ;  and  leaving  behind  them  a 
fort  of  irregular  track,  three  or  four  yards 
long.  In  rivers,  &c.  that  abound  in  muf- 
fels,  one  fees  abundance  of  thefe  tracks,  and 
a  muflel  always  at  the  end  of  them.  M.  Pou¬ 
part  adds,  that  not  having  difcover’d  any 
mufcles,  whereby  this  motion  fhould  be  ef¬ 
fected,  he  fuppofes  that  they  only  ftretch  out 
of  the  fhell  by  imbibing  a  great  quantity  of 
water  *. 

In  fea-muflels,  M.  Reaumur  has  obferved, 
that  what  we  may  call  the  arm  or  leg,  which 
in  its  natural  ftate  is  not  above  two  lines  long, 
may  reach  cut  of  the  fhell  above  two  inches ; 
and  the  animal  having  laid  hold  of  fome  fix’d 
point,  with  this  arm  thus  ftretch’d  out, 
bends,  and  fhortens  it,  and  thus  drags  the 
body  after  f. 

Monf.  Mery ,  in  his  anatomy  of  the  pond- 
muflel,  fhews  that  the  whole  belly  ol  the 
animal,  when  it  walks,  thrufts  out  of  the 
fhell,  in  form  of  the  keel  of  a  fhip  ;  and  that 
it  creeps  on  its  beily,  as  the  ferpent  does. 
He  even  defcribes  the  mufcles,  by  whole  al¬ 
ternate  adlion  the  whole  mechanifm  is  per¬ 
form’d 

The  lavignon ,  a  fhell-fifh,  frequent  on  the 
coafts  of  Poitlou,  of  the  frecies  of  thofe  call’d 
by  the  naturalilts  chamce,  or  hiatulee ,  adheres, 
by  its  fhell,  to  the  bottom  j  and  has  a  motion 

*  Mem.  de  T  Acad.  an.  \^o6. 

J  Mem.  de  /’ Acad,  an,  1710. 
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the  length  of  two  horns,  which  it  thrufts  out 
of  its  (hell,  and  therewith  receives,  and  ex¬ 
pels  the  water  it  needs  for  refpiration.  The 
goats-eye,  by  naturalifts  called  lepas  and  pa¬ 
tella,  is  a  fhell-fifh,  of  a  Angle  piece,  always 
growing  to  a  ftone,  upon  which  its  lower  fur- 
face  is  applied :  the  only  motion  it  appears  to 
have,  is  to  raife  the  (hell  about  a  line  from 
the  ftone  ;  and  thus  leave  fo  much  of  its  body 
bare  to  the  water :  but  M.  Reaumur  fhews, 
that  it  has  likewife  fomewhat  of  a  progreflive 
motion  along  its  ftone. 

The  fea-nettle  put  Pliny  in  doubt  to  which 
clafs  of  bodies  to  refer  it,  plants  or  animals  ; 
but  he  concludes,  after  Arijlotle,  to  make  it 
of  an  intermediate  kind.  Its  moft  ufual  fi¬ 
gure  is  that  of  a  truncated  cone,  the  larger 
bafe  whereof  is  always  faften’d  on  a  ftone. 
The  planes  of  its  two  bafes  are  circular  muf¬ 
cles  i  and  there  are  refti,  or  ftrait  mufcles, 
proceeding  from  one  to  t’other.  All  the  pro¬ 
greflive  motion  of  this  animal  confifts  in  this, 
that  one  half  of  the  mufcles  of  both  kinds, 
which  are  on  the  fide  to  which  it  would  move, 
fwells  and  extends ;  while  the  other  half, 
thus  weigh’d  down,  is  either  drawn  after  it, 
or  pufhes  it  forward  the  fame  way.  But  the 
motion  here  is  fcarce  fo  fwift,  or  fenfible, 
as  that  of  the  hand  of  a  dial-plate.  There 
is  another  fpecies  of  fea-nettle,  which  does 
not  grow  to  any  thing ;  popularly  called, 
and  accounted  as  a  fea-jelly  ;  which  it  per¬ 
fectly  refembles,  both  in  colour  and  confi- 
ftence :  fo  that  if  it  be  held  a  little  in  the 
hand,  the  Angle  warmth  thereof  will  entirely 
diflolve  it  into  water.  The  warmth  of  a  fum- 
mer’s  day  or  two  exhales  and  reduces  it  al- 
moft  to  nothing  ;  leaving  only  behind  it  a  thin 
pellicle,  like  a  fine  parchment.  What  places 
it  in  the  clafs  of  animals,  is,  that  it  has  a 
fy Hole  and  diaftole,  the  only  fymptom  it  gives 
of  life  || . 

The  formation  of  (hells  is  well  accounted 
for  by  M.  Reaumur :  before  him,  naturalifts 
had  been  contented  to  fuppofe  the  animal, 
and  its  (hell,  to  arife  from  the  fame  egg, 
and  to  feed  and  grow  together  ;  but  that  au¬ 
thor  gives  us  other  notions.  He  has  found 
by  evident  experiment,  that  the  (hell,  e.  gr. 
of  garden  fnails,  is  form’d  of  the  matter  that 
perfpires  from  the  body,  hardened  after  its 

difcharge 

■f  Mem.  de  l' Acad.  1710. 
j|  Id.  ib. 
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3.  Add,  that  the  foetus  of  the  oviparous  kind,  lodged  and  as  it  wereimprifoned 
in  eggs,  till  by  the  brooding  warmth  they  become  augmented  from  th z  Albumen, 
fo  that  quitting  the  yolk  wherein  they  were  before  confined,  they  break  their 
cover,  and  are  fet  at  liberty  •,  as  alfo  thofe  whofe  eggs  are  laid  within  the 
mother’s  uterus ,  growing  thereto  by  means  of  Cotyledons ,  or  a  Placenta  with 
an  umbilical  firing  :  all  thele  at  this  time,  by  their  Cotyledons,  Placenta ,  yolk, 
umbilical  firing,  and  Omphalo-Hepatic  vefiels,  referable  the  plant- kind  ;  not 


difcharge  by  the  air.  1  Tis  certain,  that  all 
animals  do  alfo  perfpire,  and  are  furrounded 
with  a  fort  of  cloud,  or  atmofphere,  exhaled 
from  them,  and  which  ’tis  probable  affumes 
fomewhat  of  this  external  figure :  and  what 
fnails  have  peculiar  to  them,  is,  that  the  at¬ 
mofphere  of  their  perfpiration  condenfes  and 
hardens  around  them,  and  forms  them  a  vi- 
iible  cover,  whereof  their  body  is,  as  it  were, 
the  core  ;  whereas,  what  other  animals  per- 
fpire,  evaporates,  and  lofes  itfelf  in  air  x  his 
difference  arifes  from  the  different  fubftance 
tranfpired ;  that  from  fuails,  &c.  being  vif- 
cid,  and  cretaceous,  as  M.  Reaumur  finds  by 
experiment. 

On  this  principle,  though  the  fhell  do  the 
office  of  an  univerfal  bone,  it  does  not  grow 
like  a  bone,  nor  like  the  other  parts  of  an 
animal,  by  intro-fufception,  that  is,  by  a 
juice  circulating  within  itfelf ;  but  by  juxta- 
pofition,  1.  e.  an  external  addition  of  parts, 
over  one  another  ;  as  ftones  are  ufually  fup- 
pofed  to  grow.  And  it  is  worth  obferving, 
that  there  is  an  animal  fubftance  which  grows 
after  the  manner  of  fo  fills. 

To  be  a  little  more  explicit :  it  muft  be  re¬ 
member’d  that  the  heau  of  a  fnail  is  always 
next  the  aperture  of  the  fhell,  and  its  tail  to¬ 
wards  the  point  or  apex  thereof ;  and  that  its 
body,  from  fome  caufe  or  other,  naturally 
forms  itfelf  into  a  fpiral,  the  different  turns 
or  circumvolutions  whereof,  are  in  different 
planes.  This  fuppofed,  take  a  fnail  juft 
hatch’d,  and  in  its  firft:  littlenefs  ;  fmce  the 
matter  it  perfpires  petrifies  around  it,  it  imift 
firft  have  a  little  cover,  proportional  to  the 
bignefs  of  its  body;  and  as  its  body  is  yet 
too  litttle  to  make  a  turn  of  one  fpiral,  at 
leaft  a  whole  turn  ;  this  cover  will  only  be 
the  centre,  or,  as  it  were,  the  beginning  of  a 
little  turn  of  a  fpiral  But  the  animal  conti¬ 
nues  growing ;  if  it  ceafed  withal  to  tranfpire, 
’tis  evident  that  fo  much  as  it  fhould  be  in- 
creafed  by,  would  remain  naked  ;  but  as  it 
continues  to  tranfpire,  it  makes  itfelf  a  new 
covering,  in  proportion  as  it  grows,  which 
new  cover  is  added  at  the  extremity  of  the 
firft  ;  and  if  the  fnail  have  grown  to  make  a 
fecond  fpiral  turn,  the  fhell  alfo  makes  a  fe- 

*  'Mem.  de  I'Acad.  R.  des  Scienc.  an.  1709. 


cond  :  at  the  fame  time,  the  animal  has  like- 
wife  grown  in  thicknefs,  fo  that  this  fecond 
turn,  is  bigger  than  the  firft.  The  reft  go 
on  in  the  lame  manner  :  and  in  an  ordinary 
garden-fnail  there  may  be  fome  four  or  five 
fuch  circumvolutions. 

Hence  we  fee  why  the  firft  turns  of  a  young 
fnail,  which,  for  inftar.ee,  has  only  form’d 
two,  are  as  big  as  thofe  fame  turns  of  an 
older  fnail ;  for  what  is  once  form’d  of  a  fhell, 
does  not  grow  any  further,  except  in  thick¬ 
nefs  :  and  accordingly,  tho’  the  firft  circum¬ 
volutions  of  a  young  fnail’s  fhell  be  as  long 
and  broad  as  thofe  of  an  old  one,  they  are  not 
fo  thick*. 

M.  Mery  objefts,  that  tho’  this  formation 
may  hold  in  the  IheUs  of  fnails,  yet  it  does  not 
in  the  fhells  of  mulfels  :  for  1 .  Thefe  fhells  are 
vifibly  compofed  of  feveral  laminae,  or  leaves, 
which  handing  out  beyond  each  other,  form 
diftindt  bands,  or  zones,  on  the  outer  furface 
thereof ;  and  the  little  fhells  are  found  to  have 
as  many  of  thefe  bands,  as  the  greatell  : 
whence  it  follows,  that  muffeldhells  grow 
like  the  other  parts  of  animals,  which,  how 
little  foever  they  be,  do  always  confift  of  the 
fame  number  of  parts.  2 •  Add,  that  the 
bands  in  the  fhell  of  a  little  mufl'el,  are  lefs 
than  in  a  large  one  ;  and  of  confequence 
muft:  grow  as  the  animal  does,  and  in  the 
fame  manner.  3.  A  muffel  has  eight  little 
mufcles,  faftenedin  the  inner  furface  of  its  two 
fhells :  now  if  the  fhells  did  not  grow  in  the 
fame  manner  as  the  fifh,  it  would  follow,  that 
thofe  which  at  firft  were  fattened  in  certain 
parts  of  the  young  muffel,  muft  be  continually 
changing  their  place  of  fattening,  to  the  ut- 
mofl  growth  of  the  animal  ;  which  fcarce 
feems  pofiibie,  and  has  no  parallel  in  any 
animal  known  -f\ 

But  M.  Reaumur  vindicates  his  fyftem  from 
all  thefe  obje&ions  :  to  the  two  firft  he  anfwers, 
that  there  are  fometimes  even  more  bands  in  a 
lefler  muflel-fhell  than  a  greater  ;  but  that  this 
dees  not  argue  either  intro-fufception  or  juxta- 
pofition  ;  being  intirely  owing  to  this,  that 
the  diftin&ion  of  the  bands  is  liable  to  be  dif- 
turbed,  and  two  to  be  made  appear  as  only 
one,  by  the  edges  of  the  laminae,  that  lap  over, 

being 
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but  they  receive  food  by  the  mouth  from  the  refe rvatory  of  the  Amnios ,  and 
convey  it  to  the  inteftines,  and  are  fuftained  after  the  manner  of  others  (h). 

4.  There  appears  therefore  a  wonderful  conformity  as  well  as  diverfity,  be¬ 
tween  vegetables  and  animals. — Hence,  as  fome  plants  grow  fixed  in  the 
ground,  others  float  on  the  water,  and  others  live  indifferently  in  either  place  ; 
fo  it  is  in  animals,  fome  of  which  are  terreftrial,  others  aquatic,  and  others 
amphibious  :  and  as  plants  by  the  abforbent  veflels  of  their  bark  imbibe 
moifture  from  the  air,  fo  do  animals. 

5.  A  great  agreement  alfo  appears  between  them,  upon  confideringthat  they 
are  both  fuftained  with  the  fame  food.  As  plants  confift  of  a  juice  drawn 
from  the  earth,  fo  are  animals  fed  with  vegetables,  or  other  parts  of  animals, 
which  themfelves  were  fed  with  the  juices  of  plants  ;  fo  that  the  matter  is  the 
fame  in  both. 

6.  Andasthe  juice  which  vegetables  imbibe  from  the  ground  by  the  abforbent 
veflels  in  their  roots,  is  crude,  and  not  yet  reduced  to  a  vegetable  nature  ;  fo  the 
food  and  chyle  formed  thereof,  is  not  yet  of  the  nature  of  the  animal  fed  with 
it ;  but  long  retains  that  of  the  fubjedt  whence  it  was  taken. 

7.  Hence  it  is  gradually  changed  by  the  organ  ical  ftrutfture  of  the  animal,  and 
the  mixture  of  concodted  juices  therein,  into  various  other  forms  and  new 
kinds  in  every  different  part  of  the  body  ;  as  will  be  explained  more  at  large 
elfewhere :  it  may  fuffice  for  the  prefent  purpofe  to  obferve,  that  the  food 
continually  recedes  the  further  from  its  own  nature,  and  approaches  nearer  to 
the  properties  of  the  animal  it  is  found  in,  the  longer  it  is  circulated  thro’  all 
parts  of  the  body,  and  mixed  with  a  greater  variety  of  its  juices. 

8.  The  moft  fubtile  part  of  the  juices  of  animals  is  a  fine  fpirit,  which  is  con-  Spirits  in  ard- 
tinually  exhaling,  wherein  the  proper  charadter  of  the  animal  feems  to  refide,  *»«//. 

and  whereby  it  is  diftinguilhed  from  all  others.  This  we  may  infer  from 
hounds,  which  thro*  a  long  tradl  of  ground,  and  a  multitude  of  crofs  treads, 
will  diftinguifh  a  particular  animal  out  of  a  whole  flock,  the  effluvia  of 
whofe  footfteps  it  had  lately  fcented,  or  will  find  out  their  mafter  thro’  an 
hundred  crofs  ways  in  the  middle  of  a  confufed  concourfe  of  people.  By  this 
we  may  infer  how  thin  and  fubtile,  yet  how  different  from  all  other  kinds  of 
bodies  thefe  effluvia  muft  be.  They  feem  of  an  oily  origin,  or  to  refide  in  a 
fubtile  vehicle  of  an  oily  kind  ;  as  may  appear  both  from  the  analogy  of  things 
and  other  properties. 

Water, 

(b)  “How  the  foetus  is  nourifhedin  thewombr 
“  Dr.  Drake  obferves,  is  a  queftion  as  much 
“  agitated  among  anatomifts  as  any  whatever  : 

“  fome  contend  that  it  is  nourifhed  by  the 
“  mouth  ;  others  will  have  it  receive  its  in- 
“  create,  and  grow  like  a  vegetable,  from  the 
“  mother  as  from  the  root,  of  which  the  um- 
“  bilical  veflels  are  the  Item,  and  the  child 
“  the  head  or  fruit  f.”  Were  it  not  for  that 
fmall  {hare  of  mufcular  motion,  which  the 
foetus  exercifes  in  the  womb,  it  might  with¬ 
out]  abfurdity  be  accounted  as  a  graft  upon  3 
branch  of  the  mother  II. 


being  broke  or  wore  down,  by  the  attrition 
of  the  fand,  fea-water,  &c.  The  third  diffi¬ 
culty  he  obviates  by  a  parallel  cafe :  crabs, 
lobfters,  &c.  are  covered  with  an  external 
cruft,  or  ffiell ;  and  have  mufcles  or  ligaments, 
wherewith  they  are  fattened  on  the  infide 
thereof:  and  yet  they  caft  their  {hells  every 
year  ;  and  take  new  ones  :  notwithftanding 
which,  they  are  always  found  fall  tyed  in 
their  {hells,  and  never  loofe  therein.  Confe- 
quently  their  mufcles  or  ligaments  muft  be 
transferred  from  the  old  cruft  to  the  new  : 
and  the  mechanifm  whereby  that  is  effected, 
may  be  applied  to  muflels  *. 

*  jMem.  de  l' Acad.  an.  171.6. 
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The  Theory  of  Chemistry. 

9.  Water,  which  affords  the  chief  matter  of  moft  other  bodies,  does  the  fame 
in  refpeCl  of  the  humours  of  animals,  and  is  fo  intimately  mixed  with  all,  even 
the  moft  folid  parts  of  animal  bodies,  that  there  is  fcarce  any  entirely  without 
it ;  as  chemifts  have  long  ago  difcovered. 

10.  They  contain  a  fait  peculiar  to  each  animal,  befde  thofe  other  falts  which 
they  receive  from  without,  and  are  not  altered  by  the  habit  of  the  body. 

1 1 .  But  this  fait  is  never  found  fix’d  ;  nor  is  it  yet  fo  volatile,  as  to  exhale  by 
the  greateft  heat  an  animal  is  capable  of,  while  in  a  ftate  of  health.  Yet  a  fire, 
fomewhat  ftronger  than  that  of  boiling  water,  by  long  application  volatilizes 
the  whole  of  it. 

12.  Nor  has  this  ever  been  found  of  an  acid  kind,  except  where  it  wasoc- 
cafioned  by  fome  acidity  in  the  aliment.  Nor  has  it  by  any  experiment 
been  found  to  have  been  alcaline,  either  in  found,  or  even  in  difeafed  ani¬ 
mals.  I  have  examined  the  urine  of  a  perfon,  which  by  reafon  of  an  ifchuria, 
had  been  detained  five  days  in  his  body,  yet  found  not  any  thing  alcaline 
therein. 

13.  But  this  fame  fait  either  by  means  of putrefaction,  or  of  a  vehement  fire, 
may  be  rendered  wholly  alcaline  :  but  when  by  a  careful  procefs,  it  is  formed 
into  glebes,  which  is  only  done  by  infpiffation  and  leaving  it  to  reft,  it  is  found 
different  from  all  the  hitherto  known  kinds  of  falts  •,  and  approaches  neareft 
to  the  nature  offal-ammoniac^  from  which,  notwithftanding,  it  differs  in  fe- 
veral  refpeCts  ;  fince  the  latter,  when  expofed  to  a  ftrong  fire,  fublimes  in  its 
whole  fubftance,  without  being  changed  j  whereas  the  former  being  extracted 
from  urine,  the  proper  Lixivium  of  animal  falts,  prefently  becomes  alcaline 
in  its  whole  fubftance. 

14.  In  fine,  after  a  muftitude  of  experiments  which  I  have  made  to  determine 
the  true  nature  of  animal  fait,  as  it  is  found  in  the  bodies  of  healthy  animals, 
and  there  exerts  its  natural  power-,  it  appears  to  be  mild,  faponaceous 
formed  of  a  concrete  oil,  of  an  intermediate  nature  between  thofe  called  vo¬ 
latile  and  fixed  falts,  having  none  of  the  characters  either  of  an  alcaly,  or  an 
acid  ;  eafy  to  be  refolved  into  a  fetid,  volatile  oil,  and  alcaline  fait,  and  ac¬ 
cordingly  much  difpofed  to  putrefy.  Nor  let  any  one  be  led  into  an  error  by 
finding  a  fix’d  fait  in  the  lye  of  burnt  animal-afhes  -,  this  being  only  the  effeCt 
of  the  fea-falt  which  had  been  taken  into  the  body,  and  had  undergone  all 
the  aCtions  and  operations  thereof,  without  changing  its  nature,  or  being  af- 
fimilated  with  the  animal  fubftance.  To  the  fame  origin  we  may  attribute 
that  little  acidity  obtained  with  much  labour,  and  the  utmoft  torture  of  the 
fire  from  human  blood  ;  which  feems  only  to  be  an  acid  fpirit  of  fea-falt  mix’d 
with  earth,  and  violently  agitated  by  the  fire:  and  hence,  animals  which 
make  no  ufe  of  fea-falt  in  their  food,  of  neceflity  have  no  fix’d  fait  in  their 
urine,  or  acid  in  their  blood. 

15.  The  oils  of  animals  examined  by  chemiftry,  are  found  very  different ; 
fome,  being  fo  fubtile  as  to  be  mifcible  with  water,  and  volatile  by  a  gentle 
heat,  bear  a  refemblance  to  the  vegetable  fpirits  produced  by  fermentation, 
which  however  they  are  very  different  from.  Others  are  found  extremely 
mild,  deftitute  of  al moft  all  fait,  being  ufed  for  anointing,  fmearing,  and  fup- 
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pling  the  foil’d  parts.  Some  of  thefe  being  lodged  in  the  cavities  of 
the  bones,  are  called  marrow  *,  others  placed  in  the  Membrana  adipofa  arc 
called  fat,  where  it  is  referved  for  its  proper  ufe  ;  which  is  to  correct  the 
acrimonious  juices  of  the  body:  and  they  are  fometimes  found  fwimmingon 
the  blood. 

1 6.  Another  fpecies  of  oil  different  from  the  former,  is  that  which  cohering 
with  the  falts  of  animals,  renders  them  faponaceous  and  fuitable  to  the  body  : 
this,  when  feparated,  is  lharper,  more  fetid  and  volatile,  than  any  of  the 
former. 

17.  Another  oil  is  that  which  joins  the  elements  of  the  folid  parts  into 
firm  fubftances,  yet  fo  as  to  preferve  the  neceffary  flexibility.  This  grows 
up  with  the  earthy  elements,  and  is  fcarce  feparable  therefrom,  except  by 
a  violent  fire,  or  being  long  expofed  to  the  adtion  of  air,  water  and  heat, 
which  putrefying  it,  makes  it  let  go  the  volatile  matter  of  the  oil,  leaving 
only  fome  incoherent  afhes  j  as  we  find  by  the  very  fetid  fmell  arifing  there¬ 
from. 

18.  Another  oil  of  an  extraordinary  kind,  is  that  exprefied  from  the  juices  of 
animals,  by  infpiffating  and  then  expofing  them  to  a  long  and  violent  heat. 
This  is  known  by  the  name  of  Phofpborus ,  and  confifts  of  a  fubftance  which 
fpontaneoufly  takes  fire  in  the  open  air,  and  burns  away  to  an  acid,  fix’d,  hu¬ 
mid  matter. 

19.  Laftly,  the  bafis  of  the  body,  and  that  upon  which  the  reft  are  fattened, 
and  whereby  the  humours  are  retained,  is  earth.  This  appears  the  fame 
in  animals  as  in  vegetables,  as  may  be  learnt  from  the  tefts  and  muffles 
wherein  the  afiayers  prove  their  metals.  The  only  terreftrial  matter  fit  to 
make  thefe  of,  is  a  very  fimple  kind  of  earth,  not  fufible  in  fire,  nor 
capable  of  running  into  glafs  •,  but  the  fame  may  likewife  be  made,  equally 
fit  for  the  purpofe,  of  the  pure  calx  of  burnt  vegetables,  or  animals,  well 
cleanfed  from  the  afhes  of  any  other  fewel  which  may  happen  to  be  mixed 
with  it.  Nor  do  the  earthy  parts  thus  produced  appear  to  differ  in  any 
refpedt  from  one  another. 

20.  Such  are  the  elements  which  occur  in  the  ftrudture  of  animal  bodies  *,  art 
difcovers  and  exhibits  no  more  nor  greater  diverfities.  But  it  is  in  vain  to  expecft 
that  by  carefully  feparating  thefe,  and  artfully  mixing  them  again,  we  fhould 
re-produce  the  natural  humours  from  whence  they  were  obtain’d.  On  the  con¬ 
trary,  by  fuch  mixture  we  fhould  produce  compounds  very  different  from  the 
primitive  ones  *,  for  in  each  part  of  an  animal  we  find  humours  of  a  peculiar 
kind,  which  always  appear  fpecifically  different  from  one  another.  In 
one  place  the  bitter  bile  is  found,  in  another  the  hepatic  ;  the  feminal  juice 
is  only  found  in  its  proper  receptacle ;  the  moving  fpirits  are  generated 
in  another  place ;  the  chyle  is  different  according  to  the  different  parts  of 
the  body,  as  the  ftomach,  inteftines,  mefentery,  Duffus  Chyliferi ,  Vena 
cava ,  heart,  lungs,  arteries,  &c.  and  the  like  may  be  faid  of  the  humors 
fecreted  from  it,  as  the  milk,  fat,  lymph,  ferum,  faliva,  blood,  urine,  and 
the  like. 
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2 1  .Upon  the  whole,  we  may  difcover  a  near  refemblance  between  the  elements 
of  plants  and  animals,  which  latter  are  made  up  of  the  fame  matter  with  ve¬ 
getables  :  the  chief  difference  confifts  in  the  variety  of  their  ftru&ure,  and  the 
quicker  paffage  of  the  aliment  thro*  the  bodies  of  animals,  than  of  plants. 
And  thus  much  may  fuffice  for  the  objedl  of  chemiftry  (i ). 

( i )  “  Animals  afford  the  fame  elements,  by  “  three  forts,  and  that  of  animals  only  of  two, 
“  a  chemical  analyfis,  as  vegetables  ;  viz.  “  viz.  urinous  and  lixiviate,  without  any 
e‘  fait,  fulphur,  earth,  and  water  ;  with  this  “  manifeft  acid.”  Hombtrg.  Mem.  de  £ -death 
“  difference,  that  the  fait  of  vegetables  is  of  R,  art.  1702. 
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O  F  T  H  E 

OPERATIONS 

O  F 

CHEMISTRY. 


i .  H  E  M I S  T  R  Y  is  employed  in  changing  the  bodies  contained  in  the 
V^|  three  clafles  above  fpecify’d,  and  the  change  it  produces  in  them  is 
effected  by  means  of  motion  alone  (k). 

Motion 


( k )  Motion,  thus,  being  the  means  whereby 
chemiftry  operates ;  the  dodtrine  of  motion, 
*.  e.  mechanics ,  becomes  the  key,  whereby  its 
operations  are  to  be  accounted  for.  So  far, 
then,  as  we  know  of  the  nature,  and  laws  of 
motion ;  fo  much  we  may  conceive  of  the 
means  whereby  a  chemical  effedt  is  produced. 
But  our  knowledge  here,  is  in  reality  very 
fcanty,  and  confined  to  narrow  bounds :  many 
of  the  laws  of  motion,  percuffion,  iffc.  in  fen¬ 
fible  bodies,  under  various  circumftances,  as 
falling,  projedted,  &c.  are  well  afcertained 
by  the  later  philofophers ;  but  thefe  will  not 
reach  to  thofe  more  remote,  inteftine  motions 
of  the  component  particles  of  the  fame 
bodies  whereon  the  changes  of  texture,  co¬ 
lour,  properties,  &c.  induced  by  chemiftry, 
depend.  Befide  the  common  laws  of  fenfible 
mafles,  the  minute  parts  they  are  compofed 
of,  feem  fubjedt  to  fome  others,  which  have 
been  but  lately  taken  notice  of,  and  are  yet 
little  more  than  guefled  at.  Sir  7.  Newton, 
to  whofe  happy  penetration  we  owe  the  hint, 
contents  himfelf  to  eftablifh,  that  there  are 
fuch  motions  in  the  minima  naturae,  and  that 
they  flow  from  certain  powers,  or  forces  not 
reducible  to  any  of  thofe  in  the  great  world. 
In  virtue  of  thefe  powers,  he  Ihews,  that  the 
fmall  particles  of  bodies  adt  on  one  another 
even  at  a  diftance ;  and  that  many  of  the 
phenomena  of  nature  are  the  refult  hereof. 
Even  fenfible  bodies,  we  know,  adt  on  one 
another  divers  ways ;  as  by  gravity,  magne- 
tifm,  and  eledtricity,  which  are  diredted  by 
different  laws :  and  as  we  thus  perceive  the 


tenor  and  courfe  of  nature,  it  will  appear 
highly  probable,  there  may  be  other  powers. 
Thofe  juft  mentioned,  reach  to  fenfible  di- 
ftances,  and  fo  have  been  obferved  by  vulgar 
eyes :  but  there  may  be  others,  which  reach 
to  fuch  fmall  diftances,  as  have  hitherto 
efcaped  obfervation ;  and  ’tis  probable  elec¬ 
tricity  may  reach  to  fuch  diftances,  even  with¬ 
out  being  excited  by  fridtion. 

The  great  author  juft  mention’d,  proceeds 
to  confirm  the  reality  of  thefe  fufpicions  from 
a  great  number  of  phenomena,  and  experi¬ 
ments,  which  plainly  argue  fuch  powers  and 
adtions  between  the  particles,  e.  gr.  of  falts 
and  water,  oil  of  vitriol  and  water,  aqua  fortis 
and  iron,  fpirit  of  vitriol  and  falt-petre.  He 
alfo  fhews,  that  thefe  powers,  d*f c.  are  un¬ 
equally  ftrong  between  different  bodies,  be- 
tweerjthe  particles  of  fait  of  tartar,  or  greater, 
for  inftance,  and  thofe  of  aqua  fortis,  than 
thofe  of  filver ;  between  aqua  fortis  and  lapis 
calaminaris,  than  iron  ;  iron  more  than  cop¬ 
per,  copper  more  than  filver  or  mercury. 
So,,  fpirit  of  vitriol  adts  on  water,  but  more  on 
iron  or  copper,  &c. 

Thefe  adtions,  in  virtue  whereof  the  par¬ 
ticles  of  the  bodies  above-mentioned  tend  to¬ 
ward  each  other,  the  author  calls  by  a  gene¬ 
ral,  indefinite  name,  attraction ;  which  is  e- 
qually  applicable  to  all  adtions  whereby  bodies 
tend  towards  one  another,  whether  in  virtue 
of  their  weight,  magnetifm,  eledtricity,  im- 
pulfe,  or  any  other  more  latent  power ;  for 
’tis  not  the  caufe  determining  the  bodies  to 
approach,  that  he  exprelfes  by  this  name  ; 
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2.  Motion  then  may  either  be  excited  a-new  ;  or  be  fupprefted  when  already 
raifed*,  or  be  changed  in  its  degree,  by  increafingordiminifhingit*,  or  the  quan¬ 
tity  of  it  may  remain  the  fame  *,  or  only  its  courfe  and  direction  be  changed  ^ 
which  changes  again  are  fometimes  of  the  whole  fubftance,  and  fometimes 
only  of  fomeof  the  conftituent  particles  whereof  it  iscompofed.  From  thefe 
few  fimple  adlions  therefore,  all  the  effedts  of  chemiftry  muft  arife  ;  tho’  by 
reafon  of  the  numerous,  different  kinds  of  corpufcles  fubjedt  to  them,  there 
refults  a  vaft  variety  of  new  and  wonderful  fadts,  cafes  and  appearances  :  yet 
if  we  confider  the  thing  clofely,  it  will  evidently  appear  whence  they  all 
arife,  and  that  the  art  has  no  other  to  work  by.  Suppofe,  for  inftance,  a 
{ingle,  corporeal  mafs  wholly  at  reft ;  that  is,  all  its  particles  mutually 
quiefcent  among  themfelves,  fuch  as  it  was  at  the  beginning,  muft  it  not 
remain  the  fame  and  unchanged  in  all  future  times?  Tho’  the  whole 
power  of  chemiftry  were  applied  to  it,  yet  if  it  raife  no  motion  in  any  of  its 
parts,  it  muft  remain  as  it  did  ;  or  fuppofe  a  motion  communicated  to  the 
whole  mafs,  whereby  it  is  removed  to  another  place,  without  making  any  fur¬ 
ther  change  in  the  conftituent  parts  of  the  body,  the  idea  of  fuch  body  will 
ftill  remain  the  fame ;  with  this  only  difference,  that  the  fituation  of  it  is 
changed  every  inftant.  But  if  a  motion  be  raifed  among  the  parts,  we  may 
conceive  an  inexhauftible  variety  of  effedts  and  changes  producible  therefrom., 
Chemiftry  then,  is  totally  employ’d,  either  in  uniting,  or  in  feparating  v  there 
being  no  third  operation  in  nature  :  fo  that  to  thefe  are  all  its  multitude  of 
operations  reducible,  without  one  exception. 

3.  Let  no  one  objedt  againft  this  ftmplicity,  as  if  it  were  impoffible  that  fo 
many  and  fuch  different  productions,  and  which  are  attended  with  fuch  furpriz- 
ing  and  lingular  effects,  fhould  arife  herefrom  :  for  it  is  well  known  that  the 
more  fimple,  mechanical  applications  of  different  things,  produce  the  utmoft  va¬ 
riety 


but  the  effect,  i.  e.  the  approach :  the  caufe 
he  has  no  regard  to,  till  fuch  time  as  the  effedt 
is  well  afcertain’d.  In  his  philofophy,  the 
refearch  into  caufes  is  the  laft  thing  ;  and  ne¬ 
ver  comes  in  turn,  till  the  laws  and  pheno- 
mena  of  the  effedt  be  fettled :  it  being  to  thefe 
phenomena  that  the  caufe  is  to  be  accommo¬ 
dated.  But  the  caufe  even  of  any  the  grofTeft, 
and  moft  fenfible  of  thefe  adtions,  is  not  ade¬ 
quately  known  :  how  impulfe  itfelf  works  its 
effedt,  would  confound  the  deepeft  philofo- 
pher  ;  yet  is  impulfe  received  into  mathema¬ 
tics,  and  the  laws  and  phenomena  of  its  ef¬ 
fects,  make  the  greateft  part  of  the  common 
mechanics .  The  other  fpecies  of  attradtions, 
therefore,  when  their  phenomena  are  fufft- 
ciently  afcertained,  have  the  fame  title  to  be 
promoted  from  phyfical  to  mathematical  con- 
iideration  ;  and  this  without  any  previous  in¬ 
quiry  into  their  caufes,  which  our  conceptions 
may  not  be  proportionate  to  :  let  their  caufes 
be  cault ,  as  all  caufes  perhaps  ever  will  be;  fo 
as  their  efftdts,  which  alone  immediately  con¬ 
cern  us,  be  but  apparent.  Our  noble  country¬ 


man,  then,  far  from  adulterating  philofophy 
with  any  thing  foreign  or  metaphyfical,  as 
fome  have  reproach’d  him;  has  the  glory  of 
opening  a  new  fource  of  fublimer  mechanics ; 
which,  duly  cultivated,  might  be  of  infinitely 
more  extent  than  all  the  mechanics  yet  known. 
’Tis  hence  alone  we  muft  expedt  to  learn  the 
manner  of  the  changes,  productions,  generations, 
corruptions,  &c.  of  natural  things ;  which  are 
the  great  objedt  of  that  part  of  philofophy 
called  chemiftry . 

Some  of  our  own  countrymen  have  profe- 
cuted  the  difcovery  with  laudable  zeal  :  Dr. 
Keill,  particularly,  has  endeavoured  to  deduce 
fome  of  the  laws  of  this  new  allien ;  and  ap¬ 
plied  them  to  folve  fome  of  the  more  general 
phenomena  of  bodies,  as  cchefson ,  fluidity ,  e- 
lafiicit ;,  fcftnefs,  fermentation,  coagulation,  &c. 
And  Dr.  Freind,  feconding  him,  has  made  a 
further  application  of  the  fame  principles,  to 
account,  at  once,  for  almoft  all  the  pheno¬ 
mena  that  chemiftry  prefen ts.  So  that  the 
new  mechanics  lliould  feem  already  raifed  to 
a  compleat  fcience:  and  that  nothing  can  now 
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riety  in  their  compounds ;  and  that  a  multitude  of  new  bodies  may  arife  from  a 
few  elements,  is  demonftrated  by  arithmeticians  in  the  dotfrine  of  combinations. 
Add,  that  by  the  apportion  of  one  body  to  another,  fome  latent  virtue  frequently 
difcoversit  felf.  Thus  if  a  load-ftone  had  never  been  placed  fo  near  another  as 
to  be  within  the  fphere  of  its  attraction,  it  would  have  been  yet  unknown  that 
there  is  fuch  a  thing  as  magnetifm  in  nature  :  and  if  iron  had  never  been  ap¬ 
plied  to  the  fame  ftone,  that  extraordinary  agreement  between  the  load-ftone  and 
iron  had  been  yet  undifcovered.  Laftly,  if  iron  touch’d  with  the  load-ftone  had 
never  been  applied  to  other  iron,  either  touch’d  or  not  touch’d  with  the  fame, 
who  would  have  dreamt  of  thofe  hidden  powers  which  here  produce  fuch.fin- 
gular  effects.  It  alfo  appears  in  the  hiftory  of  menftruums,  that  multitudes  of 
bodies  have  certain  relative  powers,  which  only  ftiew  themfelves  upon  placing 
them  near  one  another.  From  the  whole  it  follows,  that  by  feparating  com¬ 
pounds  into  their  ftmples,  and  mixing  ftmples  with  fimples,  an  infinite  num¬ 
ber  of  things  before  unknown  may  be  produced.  If  we  only  confider  a  fingle 
body  retaining  the  fame  bulk,  but  only  changed  in  its  figure,  that  is  in  the 
difpofition  of  its  furface,  yet  we  fhall  find  it  capable  of  exerting  very  different 
powers.  Thus  in  mechanics,  the  fame  piece  of  fteel  according  to  the  diffe¬ 
rent  figure  which  is  given  it,  will  produce  inftruments  of  very  different  pow¬ 
ers  *,  as  a  wedge,  knife,  poinard,  lancet,  fphere,  cube,  cylinder,  prifm,  py¬ 
ramid,  cone,  &c. — From  all  which  it  appears,  that  the  fimplicity  of  chemical 
operations  does  not  hinder,  but  that  infinite,  different  effe&s  may  be  produced 
thereby. 

4.  The  confederation  of  this  is  of  great  importance  in  the  art :  there  being  a 
kind  of  prefumption  among  chemifts,  as  if  there  was  fome  myftery  in  their 
art ;  whereas  if  the  chief  operations  be  confidered,  the  truth  of  what  is  above 
mentioned  will  appear:  fuch  are  calcination,  fixation,  vitrification,  fubiima- 
tion,  fermentation,  putrefaction,  digeftion,  purification,  union,  and  all  the 

other 


turn  up,  but  we  have  an  immediate  folution 
of,  from  the  attractive  force. 

But  this  feems  a  little  too  precipitate ;  a 
principle,  fo  fertile,  fhou'd  have  been  further 
exhauiled  ;  its  particular  laws,  limits,  CsV. 
more  induftrioufly  deteCled,  and  laid  down, 
before  we  had  gone  to  application.  Attrac¬ 
tion,  in  the  grofs,  is  fo  complex  a  thing,  that 
it  may  folve  a  thoufand  different  things  alike  : 
the  notion  is  but  one  degree  more  fimple,  and 
precife,  than  a&ion  it  felf :  and  till  more  of 
its  properties  are  afcertained,  it  were  better 
to  apply  it  lefs,  and  ltudy  it  more. 

All  the  phsenomena,  all  the  changes  in  the 
univerfe,  are  the  effeCls  of  motion.  Accord¬ 
ingly,  to  have  a  fucceffion  of  fuch  changes, 
the  author  of  nature  has  added  to  bodies  cer¬ 
tain  adtive  principles  to  be  the  fources  of  mo¬ 
tion. — Nature,  fays  Sir  1.  Newton ,  performs 
all  the  great  motions  of  the  heavenly  bodies 
by  the  attraction  of  gravity,  which  intercedes 
thofe  bodies  j  and  almoit  all  the  fmall  ones 
of  their  particles,  by  fome  other  attractive, 
and  repelling  powers  which  intercede  the  par¬ 


ticles.  Body  it  felf  is  merely  paffive,  and 
needed  fome  other  principle  to  move  it  ;  and 
now  that  it  is  in  motion,  it  needs  fome  other 
principle  for  conferving  that  motion..  By  the: 
tenacity  of  fluids,  the  attrition  of  their  parts, 
and  the  weaknefs  of  elafticity  in  folids,  the 
motion  which  we  find  in  the  world,  is  always 
dwindling,  and  on  the  decay  ;  fo  that  there 
arifesa  neceflity  of  recruiting  it  by  aCtive  prin¬ 
ciples  :  fuch  are  the  eaufeof  gravity,  by  which 
the  planets  and  comets  keep  their  motions 
in  their  orbs,  and  bodies  acquire  motion  in 
falling  ;  and  fuch  the  caufe  of  fermentation, 
by  which  the  heart  and  blood  of  animals  are- 
kept  in  perpetual  motion,  the  inward  parts  of 
the  earth  are  conftantly  warm’d,  bodies  burn 
and  fhine,  mountains  take  fire,  caverns  blown 
up,  CSV.  For  we  fee  but  little  motion  in  the 
world,  befide  what  is  owing  to  thefe  aCtive 
principles  :  And  were  it  not  for  thefe,  the 
bodies  of  the  earth,  planets,  comets,  fun,  and 
all  things  in  them,  would  grow  cold,  and 
freeze,  and  become  unadive  maiies.  QttU, 
p.  373,  and  375, 
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cfther  operations.  But  a  reparation  of  parts  thus  effedted,  does  not  fhew  that 
thofe  parts  had  pre-exifted  in  the  body,  fuch  as  they  now  appear ;  fince  thofe 
very  operations  whereby  the  parts  become  feparated  and  difengaged  from  the 
reft,  may  make  great  alterations  in  them  :  fo  that  it  is  a  falfe  conclufion  of 
the  generality  of  chemifts,  that  their  elements  were  really  contained  in  the 
compounds.  Add,  that  bodies  when  de-compounded,  acquire  new  powers, 
which  they  had  never  exerted  before ;  of  which  we  have  innumerable  in- 
ftances. 

5.  Onboth  thefeaccounts  it  is  by  no  meansfo  clearas  chemifts  imagine,  that 
their  art  gives  the  true  firft  elements  of  things  ;  and  that  we  may  judge  of  the 
compounds  by  the  principles  into  which  they  are  chemically  refolvable  (/). 

From 


(/)  Thus  the  great  Bnglifh  philofopher :  All 
bodies  feem  to  be  composed  of  hard  particles  : 
For  all  bodies,  fo  far  as  experience  reaches, 
are  either  hard  of  themfelves,  or  may  be  ren¬ 
der’d  hard  ;  viz.  forne  by  freezing,  as  wa¬ 
ters,  oils,  &7.  others,  as  mercury,  by  fumes 
of  lead  ;  and  fpirits  of  wine,  and  urine,  by 
dephlegmating  and  mixing  them  :  even  the 
rays  of  light  themfelves  are  hard  bodies,  as 
appears  from  their  retaining  different  proper¬ 
ties  in  their  different  fides.  Many  compound 
bodies  are  very  hard,  notwithftanding  that 
they  are  very  porous,  and  confift  of  parts 
that  are  only  laid  together:  How  much  harder 
then  muff  the  fun  pie  particles,  or  atoms 
themfelves  be,  which  are  entirely  devoid  of 
all  pores  ?  And  how  fuch  particles,  by  only 
laying  them  together,  and  touching  in  a  few 
points,  fhould  cohere,  and  fo  firmly,  without 
the  intervention  of  fomething  that  attracts, 
or  perhaps  even  preffes  them  together,  can 
fcarce  be  conceiv’d.  Thefe  fimple,  or  fmall- 
eft  particles  cohering  by  the  ltrongeft  force 
or  attraftion,  compofe  bigger  particles  of 
feebler  virtue  ;  and  many  of  thefe  cohering, 
compofe  other  particles  ftill  bigger,  and  more 
weakly  united  :  and  fo  on  for  divers  fuccef- 
ceflions;  till  the  progreffion  end  in  the  biggeft 
particles,  on  which  the  colours  of  natural 
bodies,  and  the  operations  in  chemiftry  de¬ 
pend  ;  which,  by  cohering,  compofe  mafles, 
or  bodies  of  a  fenfible  magnitude  *. 

Elements  or  principles  are  defined  by  M. 
Homberg  to  be  the  moft  fimple  matters  into 
which  a  mixed  body  is  reducible  by  chemical 
analyfes  :  but  the  chemifts  do  few  of  them 
ufe  the  word  with  fo  much  referve  :  chufing 
rather  to  conceive,  and  fpeak  of elesnents,  as  the 
very  primary  corpufcles  whereof  mixt  bodies 
are  compofed  :  a  way  of  conceiving,  which 
fubje&s  them  to  infinite  difficulties,  and  is  the 
foundation  of  a  good  part  of  the  objections 
made  againft  them  by  Mr.  Boyle. 

*  Newton.  Optic,  p.  364,  and  370. 


The  ancient  chemifts  allow  but  of  three 
elements ;  vise,  fait ,  fulphur,  and  mercury  ; 
which  they  more  emphatically  call  hypofiati - 
cal  principles ,  or  the  tria  prima.  To  which 
the  moderns  have  added  two  more,  viz.  wa¬ 
ter  and  earth. 

Thefe  principles  took  their  denomination 
from  certain  qualities  obferved  in  the  feveral 
fubftances  procured  in  analyfing  of  bodies  by 
fire  :  an  inflammable  fubftance  rifing,  that 
would  not  mix  with  water,  they  call  fulphur : 
what  comes  over  fapid,  and  diffoluble  in  wa¬ 
ter,  paffes  for  fait:  what  is  fixed,  and  indif- 
foluble  in  water,  they  name  earth :  and  all 
the  volatile  fubftances,  mercuries.  Or  thus, 

A  body,  in  diftillation,  ufually  feparates 
into  volatile  and  fixed  parts ;  and  thefe  vo¬ 
latile  parts  either  afeend  in  a  dry  form,  which, 
if  it  be  fapid,  they  call  volatile  fait ;  or  in  a 
liquid  form  ;  which  liquor  is  either  inflam¬ 
mable,  and  fo  paffes  for  fulphur ,  or  oil-,  or 
not  inflammable,  and  yet  fubtile  and  pungent, 
called  mercury,  or  fpirit ;  or  elfe  infipid, 
term’d  phlegm,  or  water :  for  the  fixed  part, 
it  ufually  confifts  of  particles,  partly  foluble 
in  water,  and  fapid ;  which  therefore  make 
fixed  fait ;  and  partly  infoluble  and  infipid, 
called  earth. 

The  diftinCl  offices  of  each  in  the  compo- 
fition  of  bodies,  they  thus  aflign  :  fait  is  the 
bafis  of  folidity  and  permanency ;  that  this 
may  be  diffolved  into  minute  parts,  and  con¬ 
vey’d  to  the  other  elements,  there  is  a  necef- 
fity  of  water  :  and  that  the  mixture  may  not 
be  too  rigid,  and  brittle,  a  fulphurous  or  oily 
principle  muft  intervene,  to  make  the  mafs 
more  tenacious  :  To  this  a  mercurial  fpirit 
muft  be  fuperadded,  which,  by  its  aftivity, 
may  permeate,  and,  as  it  were,  leaven  the 
whole  mafs,  and  thereby  promote  the  more 
exquifite  incorporation  of  the  ingredients.  To 
all  thefe  a  portion  of  earth  muft  be  join’d, 
which,  by  its  dr.ynefs  and  porofity,  may  foak 

up 
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6.  From  a  near  confideration  of  things  it  appears,  that  there  are  corpufcle 
which  when  alone,  are  unchangeable  by  any  caufe  hitherto  obferved  ->  being 

endued 

up  part  of  the  water  wherein  the  fait  was  dif- 
folv’d,  and  concur  with  the  other  ingredients, 
to  give  the  body  the  requifite  refinance. 

Thefe  principles  are  ufually  divided  into 
aElive  and  pajfive ;  the  active  are  the  tria 
prima ,  or  three  hypoftatical  principles  ;  the 
paflive  are  earth  and  water,  which  are  all'o 
called  elementary  principles.  But  M.  Homberg 
has  reform’d  this  divifion  :  fulphur  he  makes 
the  only  aftive  principle;  earth  the  only  paf¬ 
five  one ;  and  1*11  the  reft  intermediate  prin¬ 
ciples.  Sulphur  is  the  adlive  principle,  in 
regard,  according  to  him,  ’tis  this  alone  that  undluous  liquor,  fulphur  \  and  the  other  wir¬ 


ing  in  the  bodies  whence  thefe  are  procured. 
If  it  be  demanded  then,  what  it  is  that  the 
chemical  analyfes  do  prove  ?  We  anfwer,  that 
mixed  bodies  included  in  clofe  vefiels,  are  re- 
foluble  into  feveral  fubftances  different  in  fome 
qualities,  but  chiefly  in  confiftence :  fo  that 
out  of  molt  bodies  may  be  obtain’d  a  fixed 
fubfrance,  partly  faline,  and  partly  infipid  ; 
an  unftuous  liquor,  and  another  fluid,  or 
more,  which,  without  being  undluous,  have 
manifeft  tafte.  Now,  if  the  chemifts  will  agree 
to  call  the  dry  and  fapid  fubftance,  fait ;  the 


adts  of  itfelf,  and  that  makes  all  the  reft  adt. 
Earth  is  denominated  a  paflive  principle,  as 
it  never  adts,  but  ferves  meerly  as  a  matrix 
or  receptacle  of  the  otsHer  principles.  And 
fait,  water,  and  mercury,  are  called  inter- 


cury ;  we  have  nothing  to  cbjedt :  But  if  they 
will  obtrude  this  fait,  fulphur,  and  mercury 
on  us,  as  Ample  and  primary  fubftances,. 
whereof  each  mix’d  is  adlually  compounded, 
and  which  were  really  therein  antecedent  to 


as  an 


mediate  principles ,  becaufe  they  do  not  adl  of  the  operations  of  fire ;  they  go  further  than 
themfelves,  and  yet  become  capable  of  adling,  their  experiments  will  bear  them  out.  And 
by  their  being  join’d  with  fulphur,  which 
modifies  them,  and  is  modified  by  them  a 
thoufand  ways  *. 

Mr  Boyle  attacks  the  common  dodlrine  of 
the  chemical  elements,  with  admirable  force 
and  addrefs  ;  making  appear,  that  the  diffe¬ 
rent  fubftances  into  which  mix’d  bodies  are 


commonly  refolved  by  fire,  are  not  of  a  pure  unlike  J. 


element  ought  to  be  perfedtly  fimilar, 
and  homogeneous ;  there  is  no  juft  caufe  why 
we  fhould  give  a  body  propofed  the  name  of 
any  particular  element  or  principle,  becaufe  it- 
bears  a  refemblance  thereto  in  fome  obvious 
quality,  rather  than  deny  it  that  name  on  ac¬ 
count  of  leveral  other  qualities,  wherein  it  is 


and  elementary  nature ;  but  retain  fo  much 
of  the  concrete  that  afforded  them,  as  to  ap¬ 
pear  ftill  compounded ;  and  often  to  differ 
in  one  concrete  from  principles  of  the  fame 
denomination  in  another:  that,  as  to  their 
number ,  it  is  not  precifely  three,  as  the  che¬ 
mifts  have  ufually  maintain’d ;  becaufe  in 
moll  vegetable  and  animal  bodies,  earth  and 
phlegm  are  alfo  found  ;  but  that  there  is  no 
one  determinate  number  into  which  the  fire 
univerfally  refolves  all  compounds,  mineral 
and  others  :  And  that  there  are  feveral  qua¬ 
lities  which  cannot  be  refer’d  to  any  of  thefe 


The  chemifts  will  not  allow  the  fait  in  afhes 
to  be  called  earth ;  notwithftanding  that  the 
faline  and  earthy  parts  correfpcnd  in  many 
refpedls ;  e.  gr.  weight,  drynefs,  fixednefs, 
and  fufibility  ;  for  this  only  reafon,  that  the 
one  is  fapid,  and  diffoluble  in  water,  and  the 
other  not:  beiide,  that  fapidnefs  and  volati¬ 
lity  denominate  the  cliemiits  fpirit  or  mercury. 
And  yet,  how  many  bodies  may  haj  pen  to 
agree  in  thofe  qualities,  which  have  different 
natures,  and  divers  difagreeing  qualities  i 
For  not  only  fpirit  of  nitre,  aqua  fortist 
fpirit  of  fait,  oil  of  vitriol,  fpirit  of  alum. 


fubftances,  as  if  they  primarily  refided  there-  fpirit  of  vinegar,  and  all  faline  liquors  diftill’d 


in  ;  there  being  withal  other  qualities*  which 
tho’  they  feem  to  have  their  chief  and  moft 
ordinary  refidence  in  one  or  other  of  thefe 
principles,  are  not  yet  fo  deducible  from  it, 
but  that  more  general  principles  may  be  ta¬ 
ken  in  f . 

It  may  be  alledged,  that  bodies  nre  only 
called  fait,  fulphur,  mercury,  &c.  on  this 


from  animals;  but  all  acetous  fpirits  of  woods* 
muft  belong  to  their  mercury ;  tho’  it  does 
not  appear  why  forne  of  thefe  fliould  rather 
come  under  that  denomination,  than  the  che¬ 
mifts  fulphur  or  oil ;  for  their  diddl'd  oils  are- 
fluid,  volatile,  and  fapid,  as  well  as  their 
mercuries.  Nor  is  it  necelfary  that  fulphur 
fliould  be  undluous,  or  indifloluble  in  water  ; 


footing,  that  the  principle  of  the  fame  is  pre-  hnce  fpirit  of  wine  is  generally  refer’d  to  ful- 

dominant  therein ;  but  it  does  not  even  ap-  phurs,  tho’  it  be  not  undluous,  and  will  rea- 

pear,  that  the  reputed  fait,  fulphur,  or  mer-  dily  mix  with  water.  So  that  nothing  but 

cury,  principally  confifts  of  one  Ample  body,  bare  inflammability  is  left  to  conftitute  the 

to  give  it  that  denomination  ;  or  that  there  eftence  of  the  chemifts  fulphur ;  as  the  con- 

is  any  fuch  primitive  Ample  fubftances  exift-  trary,  join’d  with  any  tafte,  entitles  a  diftill'd 

ifquos 
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endued  by  the  author  of  nature  with  fuch  a  degree  either  of  hardnefs,  as  that 
they  are  incapable  of  being  divided  into  lefs  parcels,  or  being  changed  in  their 

figures  ; 


liquor  to  their  mercury.  Now,  fince  fpirit  of 
nitre,  and  fpirit  of  hart’s-horn  will  bubble  to¬ 
gether,  hifs,  and  throw  up  one  another  into 
the  air,  which  the  chemifts  allow  for  indi¬ 
cations  of  great  contrarieties  in  bodies  ;  fince 
we  may  obtain  two  forts  of  oil  from  the  fame 
parcel  of  human  blood,  which  will  not  mix 
with  one  another  j  and  fince  we  meet  with 
numerous  inftances  of  other  contrarieties  in 
bodies,  which,  according  to  the  chemifts, 
mull  be  huddled  up  together,  under  one  de¬ 
nomination  :  It  may  be  worth  confidering 
how  far  fuch  a  multitude  of  fubftances,  as  may 
agree  in  thefe  flight  qualities,  and  yet  difagree 
in  others,  deferve  to  be  called  by  the  lame 
name  of  a  principle,  rather  than  have  fuch 
appellations  as  diftinguifh  them  from  bodies 
they  differ  fo  much  from. — When  unable  to 
fhew  that  a  liquor  is,  for  example,  purely 
faline ;  they  prove,  that  at  leaft  fait  is  the 
predominant  principle  therein,  from  this  con- 
fideration,  that  it  is  ftrongly  tailed  ;  and  that 
all  talle  proceeds  from  fait :  whereas  fpirits, 
as  of  tartar,  hart’s-horn,  &c.  which  are  re¬ 
puted  the  mercuries  of  the  bodies  that  afford 
them,  have  manifellly  a  flrong  and  piercing 
talle.  And  indeed,  if  talle  belong  not  to  the 
fpirit,  or  mercurial  principle  of  vegetables, 
and  animals  ;  we  fcarce  know  how  it  will  be 
dillinguilh’d  from  their  phlegm  ;  fince,  by 
the  abfence  of  inflammability,  it  mull  be  di¬ 
llinguilh’d  from  fulphur.  Add,  that  not  only 
the  fpirits  of  vegetables,  but  their  oils,  are 
very  ftrongly  tailed  ;  and  the  moll  elaborate 
depuration  will  fcarce  ever  reach  to  make 
them  taltelefs. — Again,  volatile  fait  of  hart’s- 
horn,  &c.  is  very  ftrongly  fcented,  notwith- 
ftanding  that  moll  chemills  deduce  odours  from 
fulphur,  and  from  them  argue  the  predomi¬ 
nancy  of  that  principle  in  the  odorous  body. 
— From  the  whole,  it  appears  how  diflimilar 
each  of  thofe  bodies  are,  which  the  chemifts 
call  the  falts,  fulphurs,  or  mercuries  of  the 
bodies  which  yield  them  ;  as  if  they  had  all 
a  fimplicity  or  identity  of  nature  :  whereas 
falts,  forinilance,  if  they  were  all  elementary, 
would  differ  as  little  as  the  drops  of  pure  and 
fimple  water :  So  that  we  have  no  pofitive 
knowledge  of  the  chemical  principle  fulphur, 
by  means  of  analyfes,  or  the  decompounding 
of  mixts.  This  led  M.  Homberg  to  imagine, 
that  fomething  might  be  learn’d  of  it  from 
compofitions,  or  artificial  mixts :  The  effeft 
of  a  great  number  of  operations  of  which  kind, 
gave  him  indicatious,  that  ’tis  light  or  fire  is 

*  Boyle  Scept.  Chym. 


the  real  principle  fulphur,  and  the  only  ac¬ 
tive  matter  in  all  mixts.  So  that  we  muft 
refer  the  difquifition  into  the  nature,  proper¬ 
ties,  fife,  of  fulphur,  to  the  article  of  fire. 

Indeed  it  fhould  be  exprefs’d  what  kind  of 
divifion  by  fire  is  to  determine  the  number  of 
elements ;  for  the  fame  body,  e.  gr.  guaiacum, 
which,  burnt  in  an  open  fire,  only  refolves 
into  two,  <vi%.  allies  and  foot ;  if  diltili’d  in 
a  retort,  refolves  into  oil,  fpirit,  vinegar, 
water,  and  charcoal;  the  laft  of  which,  by 
a  farther  degree  of  fire,  in  an  open  veffel, 
falls  into  afhes,  i.  e.  into  fait  and  earth  ; 
and  by  a  farther  yet,  into  glafs.  If  then  oil 
pafies  for  an  element,  becaufe  producible  by 
one  degree  of  fire  ;  why  is  not  glafs  ?  There 
are  fome  mix’d  bodies,  from  which  it  does 
not  appear  that  any  degree  of  fire  will  feparate 
any  of  the  common  elements ;  fuch  is  gold,  and 
perhaps  alfo  filver,  Venetian  talc,  oileocolla, 
and  glafs  ;  which,  tho’  made  of  a  pure  colli- 
quation  of  the  fait  and  earth  remaining  in  the 
afhes  of  a  burnt  plant,  yet  will  fo  far  refill  the 
violence  of  fire,  that  it  has  been  held  more  ir¬ 
reducible  than  gold  :  But  if  an  artificer  can 
unite  fuch  comparatively  grofs  particles,  as 
thofe  of  earth  and  fait,  into  a  body  indiflo- 
luble  by  fire  ;  why  may  not  nature  affociate 
in  feveral  bodies  the  more  minute  elementary 
corpufcles,  too  firmly  to  let  them  be  parted 
by  fire  ?  There  are  fome  bodies  whofe  com¬ 
ponent  principles  are  fo  minute,  and  fo  firmly 
united,  that  their  corpufcles  need  lefs  heat  to 
carry  them  up,  and  diflipate  them,  than  is 
requifite  to  divide  them  into  their  principles. 
And  hence  it  is,  that  the  common  fulphur 
becomes  fo  difficult  to  decompound  *. 

We  have  no  evidence,  that  three  is  pre- 
cifely  and  univerfally  the  number  of  the  di- 
ftintt  fubftances  or  elements,  into  which  all 
mixed  bodies  are  refoluble  by  fire :  If  it  be 
granted,  that  the  elements  at  firft  confifted  of 
certain  finall  primary  coalitions  of  the  minute 
atoms,  or  particles  of  matter,  into  corpufcles 
very  numerous,  and  like  each  other ;  it  will 
rather  appear,  that ’fuch  primary  maffes  may 
be  of  far  more  forts  than  three,  or  five ;  and 
confequently  we  need  not  fuppofe  that  in 
every  compound  body  there  Ihould  be  found 
juft  three  forts  of  fuch  primitive  coalitions. 
It  is  impoffible  but  that  two  forts  of  elemen¬ 
tary  bodies  may  fuffice;  as  we  fee  is  the  cafe 
in  that  durable  fubftance,  glafs  :  while  others 
confift  of  three,  another  of  four,  another  of 
five,  if  c.  Nay,  it  does  not  feem  impoffible. 


The  Theory  of 

bat  there  may  be  two,  or  more  forts  of 
mixts,  which  have  none  of  the  fame  elements 
as  the  other:  as  we  often  fee  two  words, 
whereof  the  one  has  not  any  of  the  letters  in 
the  other ;  or,  as  happens  in  electuaries, 
wherein  no  ingredient,  except  fugar,  is  com¬ 
mon  to  any  two  of  them.  And  this  is  con¬ 
firm’d  by  chemical  experiments:  For  as  from 
fome  bodies,  e.  gr.  gold,  even  three  princi¬ 
ples  cannot  be  procured ;  fo  from  others,  e.gr. 
grapes,  varioufly  managed,  may  be  procured 
at  lealt  a  dozen. 

Fire,  even  when  it  does  divide  a  body  into 
fubftances  of  various  confluences,  does  not 
commonly  analyfe  it  into  hypoftatical  princi¬ 
ples  ;  but  only  difpofes  its  parts  into  new 
textures,  and  thereby  produces  concretes  of  a 
new,  indeed,  but  of  a  compound  nature  :  and 
there  are  many  diftinCt  fubftances  obtainable 
from  fome  concretes  without  fire,  which  no 
lefs  deferve  the  denomination  of  elementary 
than  thofe  extorted  by  fire.  In  reality,  diffe¬ 
rent  degrees  of  fixity  and  volatility  feem  to 
have  a  great  effeCt  in  the  producing  of  diffe¬ 
rent  elements.  For,  that  fire  frequently  di¬ 
vides  bodies  on  this  only  account,  that  fome 
of  their  particles  are  more  fixed  than  others, 
tho’  either  of  the  two  be  all  the  while  far 
from  pure  and  elementary,  is  obvious  in  the 
burning  of  wood,  which  the  fire  feparates  into 
fmoke  and  afhes  ;  the  former  of  which,  con- 
fefledly  confifts  of  two  fuch  different  bodies 
as  earth  and  fait ;  and  the  latter,  condenfed 
into  foot,  difcovers  itfelf  to  contain  fait,  oil, 
fpirit,  earth,  and  phlegm  j  all  which  being 
almoft  equally  volatile  in  that  degree  of  fire 
which  forces  them  up,  are  carried  away  to¬ 
gether.  Befide,  if  two  different  bodies, .united 
into  one  mafs,  be  both  fufficiently  fixed  ;  the 
fire  finding  no  parts  volatile  enough  to  be 
carried  up,  makes  no  feparation  at  all  *. 

It  does  not  appear  that  all  mixts  are  of 
elementary  bodies  ;  but  rather,  that  there  are 
feveral  compounds  even  in  regard  of  their  in¬ 
gredients  confid'er’d  antecedently  to  their  mix¬ 
ture  :  for  thovfome  may  be  made  up  of  the 
immediate  coalitions  of  the  elements,  or  prin¬ 
ciples  themfelves ;  yet  others  are  mix’d  at 
fecond  hand  :  now  if  a  compound  confifts  of 
ingredients  not  merely  elementary  ;  ’tis  eafy 
to  conceive,  that  the  fubftances  into  which 
fire  refolves  it,  thov  feemingly  homogeneous, 
may  be  of  a  compound  nature  ;  thofe  parts  of 
each  body  that  are  mod  akin,  aflociating 
themfelves  into  a  compound  of  a  new  kind. 
Thus,  out  of  diftill’d  liquors,  which  are  re¬ 
puted  the  elements  of  the  bodies  whence  they 
are  drawn,  viz.  oil  of  vitriol,  and  oil  of  tur- 
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pentine;  the  fame  author,  without  any  ad¬ 
dition,  procured  a  third,  viz.  a  true,  yel¬ 
low,  inflammable  fulphur ;  the  two  liquors 
afterwards  remaining  diftinCt  :  and  from  the 
fpirit  of  box-wood,  highly  rectified,  he  pro¬ 
cured  an  acid  liquor,  that  would  diflolve  co¬ 
ral  ;  leaving  a  fpirit  of  a  very  different  na¬ 
ture  from  the  common  fpirit  of  that  wood : 
fo  that  at  leaft  fome  of  the  elements  are  far 
from  an  elementary  fimplicity  ;  and  may  be 
ftill  look’d  upon  as  mix’d  bodies.  Add,  that 
as  there  may  be  more  elements  than  five  or 
fix  ;  fo  the  elements  of  one  body  may  be  dif¬ 
ferent  from  thofe  of  another  :  whence  it  fol¬ 
lows,  that  from  the  refolution  of  compound 
bodies,  there  may  refult  mixtures,  wholly  of 
a  new  kind,  by  the  coalition  of  elements, 
perhaps  never  convened  before  -f-. 

Helmont  gives  us  a  way  of  converting  oil  of 
cinnamon,  blood,  hart’s-horn,  or  the  like, 
wholly  into  volatile  falts*  by  a  bare  mixture 
of  their  own  alcaline  falts :  if,  then,  fuch  fa- 
line  volatile  fubftances,  which  pals  for  e- 
lementary,  be  producible  of  chemical  oils* 
and  fix’d  falts,  the  one  made  volatile  by  the 
other,  and  both  affociated  by  the  fire  ;  it  may 
well  be  fufpeCted,  that  other  fubftances,  ari- 
fing  from  the  feparation  of  bodies  by  fire ;  may 
be  new  forts  of  mixtures,  and  confift  of  in- 
gredients  of  different  natures.  Thus,  parti¬ 
cularly,  it  is  to  be  fufpeCted,  that  fince 
the  volatile  falts  of  blood,  hart’s-honv,  &fr,. 
are  fugitive,  and  of  an. exceeding  ftrong  fmell ; 
’ris  either  an  error  to  aferibe  all  odours  to 
fulphurs ;  or  that  fuch  falts  confift  of  fome 
oily  parts,  well  incorporated  with  the  faline 
ones:  and  the  like  conjecture  may  be  alfo 
made,  as  to  fpirit  of  vinegar,  which  has  a 
piercing  fmell  j. 

That  phlegm  is  not  an  elementary  body,  ap¬ 
pears  from  its  different  powers  and  properties :: 
the  phlegm  of  wine,  and  moft  liquors,  have- 
qualities,.  that  make  them  differ  both  from, 
mere  water,  and  from  one  another :  the: 
phlegm  of  vitriol,  Mr.  Boyle  obferves,  is  an 
effectual  remedy  againft  burns ;  and  a  valua¬ 
ble  noftrum  for  diftcufling  hard  tumours :  that; 
of  vinegar  will  extraCt  a  faccharine  fweetnefs 
out  of  lead,  and  even  diflolve  corals  with  lorg; 
digeftion  :  that  of  fugar  of  lead  is  faid  to  dif- 
folve  pearls  [|.. 

The  characters  which  ferve  to  denominate^ 
a  fluid  phlegm ,.  or  water,  among  the  chemifts, . 
are  infipidity,  and  volatility ;  yet  quickfilvar 
has  both  thefe,  which  no  body  pretends  to  be 
phlegm.  Add,  that  it  appears  from  feveral  ex-  • 
periments,  that  water  itfelf,  by  repeated  diftil- 
lations  may  poflibly  be  converted  into  earth  **. 

Y  Watcrr 
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Water  has  a  much  fairer  pretence  to  be  an 
element,  than  any  of  the  tria  prima  :  the 
chief  qualities  that  occafion  men  to  give  that 
name  to  any  vifible  fubllance,  are,  that  it  is 
fluid,  inflpid,  and  inodorous  :  but  wehavenever 
feen  any  of  thofe  feparated  fubltances  which 
chemiils  call  phlegm,  perfectly  deliit.ute  both 
of  taile  and  fmell.  Common  fait,  and  feveral 
other  inline  bodies  diltilled  ever  fo  dry,  will 
each  yield  a  large  quantity  of  phlegm  ;  which 
can  be  no  other  way  accounted  for,  but  from 
this,  that  among  the  various  operations  of 
the  fire,  on  the  matter  of  a  concrete,  feveral 
particles  of  that  matter  are  reduced  to  a  lhape 
and  fize,  requifite  to  compofe  fuch  a  liquor  as 
the  chemiils  cail  phlegm,  or  water*.  See 
farther  in  the  article  of  Water. 

The  name  fpirit  is  applied  by  the  chemiils 
to  feveral  very  different  iubllances :  it  denotes 
in  the  general,  any  diflilled,  volatile  liquor, 
that  is  not  infipid  as  phlegm,  nor  inflamma¬ 
ble  as  oil :  but  under  this  general  idea  are 
Comprehended  liquors  of  quite  oppofite  na¬ 
tures,  fame  being  acid,  as  the  fpirits  of  nitre, 
fait,  and  vinegar ;  and  others  alcalious,  which 
are  fuch  enemies  to  the  former,  that  as  foon 
as  they  are  put  together,  they  tumultuate 
and  grow  hot :  To  which  may  be  added,  a 
third  kind,  called  ‘vinous,  or  inflammable  ; 
which,  tho’  very  fubtile  and  penetrating,  are 
not  manifellly  either  acid  or  alcaline. 

All  thefe  forts  of  fpirits  Mr.  Boyle  (hews 
to  be  producible :  and,  i .  The  'vinous,  which 
nature  fcarce  ever  produces  of  her  felf ;  fer¬ 
mentation  being  requifite  thereto.  2.  Alca¬ 
lious  fpirits,  called  alfo  urinous,  by  reafon  of 
their  affinity  in  many  qualities  with  fpirit  of 
urine,  are  manifellly  not  Ample,  but  com¬ 
pound  bodies,  confining  of  the  volatile  fait  of 
the  refpeCtive  concretes  dilfolv’d  in  the  phlegm, 
and  for  the  moll  part  accompanied  with  fome 
little  oil ;  fo  that  thefe  may  be  refer’d  to  the 
article  of  volatile  falts.  3.  Acid  fpirits  ap¬ 
pear  to  be  producible  hence,  that  thofe  drawn 
from  common  fait  and  nitre,  are  very  diffe¬ 
rent  in  refpcCt  of  tafle,  IA c.  from  the  bodies 
they  are  procured  from,  which  are  not  pro¬ 
perly  acid  :  fo  that  it  does  not  appear,  that 
the  fpirits  pre-exilled  in  that  Hate  of  thole 
bodies.  What  further  confirms  the  whole  is, 
that  the  fame  body,  merely  by  different  ways 
of  ordering  it,  may  be  brought  to  afford  ei¬ 
ther  acid,  vinous,  or  urinous  fpirits  f . 

.Add,  that  whereas  fait  is  laid  down  as  the 
principle  of  all  talle  ;  and  as  bodies  are  argued 
to  be  falinc  for  this  reafon,  that  they  are 
fapid,  ’tis  implied  in  the  very  notion  of  a 
fpirit,  that  it  have  fait  along  with  it ;  it  being 

*  Scept.  Cbym.  Boyle  Scept.  Cbyn, 
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its  talle  that  characterizes,  and  dillinguifhes 
it  from  phlegm,  and-  denominates  it  acid, 
vinous,  or  urinous  fpirit  J. 

As  to  mercury,  which  is  fpoke  of  by  che- 
miits  as  a  principle,  near  ad-dn  to  fpirit,  or 
rather  is  confounded  therewith  ;  its  characters, 
as  deliver’d  by  writers  are,  to  be  a  fluid  fub- 
fiance,  or  volatile  liquor,  which  dillinguifhes 
it  from  the  faline  principles,  efpecially  fixed 
falts ;  and  not  inflammable,  which  dillinguiffies 
it  from  lulphur  or  oil.  But,  as  this  leaves  it 
undiltinguilh’d  from  phlegm,  others  add  an¬ 
other  quality,  viz  talle,  which  is  wanting 
in  phlegm,  and  which  brings  the  chemical  mer¬ 
cury  precifely  to  what  we  call  a  fpirit.  The 
mercuries  of  vegetables  and  animals,  there¬ 
fore,  are  already  fpoken  of  as  fpirits. 

The  mercury  of  foffils  or  metals  is  no  other 
than  a  real  running  quickfilver  ;  which  is  a 
fluid  fubllance,  perfectly  refembling  a  metal 
in  fufion,  nearly  of  the  fame  weight  with  fil- 
ver,  and  wetting  no  fubllance  but  gold.  This 
body  not  being  reducible  into  more  Ample 
matters,  by  ary  analyfis  yet  invented,  is 
look’d  upon  as  a  principle  :  ’tis  commonly 
held  it  may  be  extracted,  or  obtained  from 
all  metals  and  minerals.  And  the  chemiils, 
in  their  writings,  give  us  divers  procefies  for 
the  fame  ;  tho’  the  more  judicious  and  fober 
among  them,  have  long  look’d  on  the  pre- 
tenfion  as  idle  and  chimerical. 

But  this  principle,  mercury  or  quickfilver, 
M  Homberg  gives  us  fufficient  reafon  to  fuf- 
peCt  not  to  be  Ample ;  in  that  it  may  be  de- 
itroy’d,  which  a  body  perfectly  Ample  can¬ 
not.  Add,  that  after  its  dellruClion,  there 
remains  nothing  but  a  mere  earthy  matter, 
without  any  figns  of  the  other  parts  before 
compounded  with  it.  The  method  that  au¬ 
thor  took  to  deflroy  it,  was  by  firft  chang¬ 
ing  the  running  mercury  into  a  perfeCt  metal, 
gold,  by  introducing  a  fufficient  quantity  of 
the  rays  of  light  into  its  fubllance,  by  a  long 
and  expenfive  operation ;  and  when  it  was 
thus  rendered  a  metal,  by  expofing  it  to  a 
burning-glafs,  which  in  a  little  time  carried 
off  the  greatell  part  of  the  fubllance  in  fumes, 
leaving  nothing  behind  but  a  light  earthy 
dull  || .  See  further  under  the  article  Mercury. 

Salt  feems  the  leading  principle  of  the  che¬ 
miils,  who  generally  grant  falts  the  moll  con- 
fiderable  and  aClive  parts  procurable  by  che- 
miltry  from  mixt  bodies.  Its  character  is  to 
be  foluble  in  water,  and  unrefoluble  by  fire  ; 
but  under  this  character  it  is  incapable  of 
being  perceiv’d  by  us ;  and  needs  to  be  joined 
or  combined  with  fome  other  principle,  to 
make  it  fenfible. 

We 
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We  have  three  kinds  of  falts,  two  whereof 
are  volatile,  and  the  third  fix’d  ;  the  volatile 
are  acid  and  urinous  falts  ;  the  fix’d  lixivious, 
or  thofe  drawn  from  afhes :  the  two  latter  are 
alfo  called  alcalious  falts,  or  alcalies,  the  one 
volatile,  the  other  fix’d.  We  do  not  know 
the  precife  figure  of  each  of  thefe  falts  ;  but 
to  judge  of  them  from  their  efferts,  the  molt 
commodious  and  probable,  according  to  M. 
Homberg,  the  great  reformer  of  the  dortrine 
of  falts,  is,  for.  acids  to  be  pointed,  and  thofe 
points  tipp’d  with  fulphurous  matter ;  that 
of  urinous  feems  to  be  a  fponge,  containing 
a  part  of  the  acid,  and  a  little  fetid  oil ;  that 
of  lixivious  falts  appears  likewife  a  fponge, 
containing  only  the  remainder  of  the  acid, 
which  the  calcining  fire  could  noircarry  off. 

i .  If  acid  falts  were  found  pure,  and  with¬ 
out  any  mixture,  they  would  all  be  of  the 
fame  nature ;  and  the  diverfity  that  appears 
in  them,  as  procured  by  diilillation,  ,&c.  is  a 
full  proof  of  their  being  compounds,  at  lead 
of  their  having  fomething  heterogeneous,  or 
adventitious  to  the  faline  nature  accompany¬ 
ing  them.  In  effert,  fulphur,  on  M.  Hom- 
berg's  principles,  is  a  conftant  and  infeparable 
attendant  thereof:  from  this  appendage  of  ful¬ 
phur,  it  is,  that  they  derive  all  their  artivity  j 
and  ’tis  the  fame  fulphur  that  characterizes, 
and .  makes  the  difference  between  them. 
Hence  acid  falts  are  ranged  by  the  author  into 
three  clafles,  viz,,  fuch  as  contain  an  animal  or 
vegetable  fulphur ;  under  which  come  all  the 
acids  diltill’d  from  plants,  fruits,  woods,  &c. 
and  fbjrit  of  nitre  :  fuch  as  contain  a  bitumi¬ 
nous  fulphur  ;  to  which  belong  the  acids  of  vi¬ 
triol,  common  fulphur,  and  alum  :  and  fuch  as 
contain  a  more  fixed  mineral  fulphur  ;  as  the 
acids  drawn  from  fea-falts,  and  fal-gem. 

Thofe  of  the  firll  clafs  art  more  fwiftly 
than  thofe  of  the  other,  by  reafon  animal 
and  vegetable  fubilances  being  very  light,  i-  e. 
taking  a  deal  of  room,  and  enlarging  the  fur- 
face,  give  the  better  handle  to  the  flame  to 
agitate  and  drive  them  on  ;  but  the  fame  en¬ 
largement  of  the  points,  prevents  their  en¬ 
tering  into  the  denfer  and  more  compart  bo¬ 
dies  :  thofe  of  the  fecond  clafs  are  the  leall 
nimble,  by  reafon  the  bituminous  fulphur  is 
loaden  with  a  deal  of  earth,  which  lerves  it 
as  a  matrix  ;  and  accordingly,  thefe  are  in¬ 
capable,  fingly,  of  diflolving  metallic  bodies. 
Laftly,  the  metallic  fulphur  being  the  mod 
fixed,  i.  e.  its  parts  the  fmalleft  and  moil 
compart,  the  acids  it  accompanies,  do  flill 
retain  fine  points,  and  thereby  become  capa¬ 
ble  of  infinuating  into  the  denied:  bodies,  and 
feparating  them  :  thougn  for  the  fame  reafon 
they  give  but  little  hold  to  flame. 

*  Mem.  de  P Acad.,  an.  1702. 


Acid  falts  join’d  with  lixivious  ones  com- 
pofe  mix’d  or  intermediate  falts,  according 
to  the  nature  of  the  acids  employ’d  therein. 
Thus  fpirit  of  nitre,  with  fait  of  tartar,  pro¬ 
duces  true  falt-petre ;  fpirit  of  fait,  with  fait 
of  tartar,  produces  true  common  fait ;  fpirit 
of  vitriol,  with  fait  of  tartar,  produces  true 
vitriol,  &c.  which  are  all  intermediate  falts, 
i.  e.  partly  fix’d,  and  partly  volatile;  the  two 
ingredient  falts  flill  retaining  their  volatile 
and  fix’d  natures.  Acids  join’d  with  urinous 
lalts,  compofe  another  fait,  called  ammoniac 
falts,  which  are  always  volatile,  by  reafon 
both  the  ingredient  falts  are  fo.  Acid  falts 
are  ufually  luppofed  to  be  antagonifts  to  al¬ 
calious ,  (i.  e.  urinous  and  lixivious)  by  rea¬ 
fon,  upon  their  mixture,  there  always  enfues  a. 
violent  ebullition  and  effervefcence  ;  but  it 
would  perhaps  be  more  juft  to  look  on  this 
ebullition  not  as  a  combat,  but  rather  a  fuit- 
able  and  amicable  conjunction  of  two  fub- 
ftances,  which  were  naturally  united,  and  had 
only  been  feparated  by  the  violence  of  the 
fire,  now  reftoring  themfelves  into  the  fame 
places,  out  of  which  they  had  been  torn. 
Accordingly,  the  latter  are  compared  to 
fheaths,  and  the  former  to  points  or  fpiculae 
fit  to  enter  the  fame.  Thefe  points  or  acids 
do  not  only  enter  the  pores  or  fheaths  of  al- 
caline  falts,  but  all  other  bodies,  whofe  pores 
have  a  like  conformation  ;  whence  fuch  bo¬ 
dies  are  called  terreftrial  or  metallic  alcalies*. 
See  more  on  the  fubjert  of  acid  falts  in  the 
article  Menfruums. 

2.  In  all  native  falts,  both  foflil,  vegeta¬ 
ble,  and  animal,  after  the  violence  of  the 
fire  has  feparated  all  the  volatile  parts,  there 
flill  remains  a  fix'd  fait,  to  be  drawn  from 
the  faeces  by  lotion,  or  lixiviation ;  hence 
called  a  lixivious  fait.  Thefe  lixivious  falts 
are  no  other  than  the  relicks  of  the  acid, , 
which  the  fire  was  not  able  to  feparate  from 
the  earth  of  the  mixt,  but  may  be  feparated 
by  diflolving  them  in  common  water.  The 
taite  of  thefe  lixivious  falts  is  very  different, 
according  to  the  quantity  of  the  acids  flill  re¬ 
maining  after  calcination  :  part  of  which  is 
capable  of  being  volatiliz’d,  and  difengag’d 
by  further  operations ;  as  by  a  more  intenfe 
heat ;  or  by  diffolution,  digeftion,  filtra¬ 
tion,  and  evaporation  frequently  repeated  3  - 
or  laftly,  by  adding  fome  urinous  fait,  to  ab- 
forb  the  fame. 

5.  We  have  three  forts  of  urinous  falts :  ' 
the  firft,  that  of  plants  or  animals,  which  is 
the  fame ;  the  fecond  is  foflil  ;  and  the  third 
of  an  intermediate  kind,  partaking'  both  of 
the  foflil  and  vegetable  nature  ;  the  firft  is 
volatile,  and  the  two  latter  fix’d.  By  urinous 
Y  2-v.  falts, 
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falts,  we  mean  all  fuch  as  partake  of  the  take 
or  fmell  of  urine.  Their  effett  in  volatilizing 
fix’d  falts  is  notorious :  for  being  added  to 
common  fait,  there  arifes,  by  fire,  a  fait  of  a 
volatile  kind,  called  fal-ammoniac.  Tho’, 
for  volatilizing  the  fix’d  falts  of  plants,  the 
urinous  falts  of  plants  are  not  fo  proper  as 
the  urinous  falts  of  the  intermediate  clafs, 
fuch  as  alum  :  and  for  the  fix’d  falts  of  foffils, 
the  fofiil  urinous  fait  is  fitted:,  viz.  borax  *. 

All  the  forts  of  falts  then  do  throughout 
.appear  avowedly  compound^  and  unelementary : 
and  that  they  are  likewife  producible ,  de  novo, 
and  convertible  into  one  another,  is  ftrenuoufiy 
argued  by  Mr.  Boyle.  The  two  chief  quali¬ 
ties,  wherein  they  all  agree,  and  which  there¬ 
fore  make  up  the  common  received  notion  of 
fait  in  general,  he  obferves,  are  to  be  eafily 
dfflbluble  in  water,  nnd  to  affeft  the  palate, 
fo  as  to  caufe  a  fenfe  of  talle.  Now,  fince 
the  invifible  particles,  which  compofe  the 
■vifible  portions  of  a  fait,  may  be  fo  con¬ 
trived  as  to  make  other  parcels  of  matter, 
which  have  the  qualities  that  denomirate 
bodies  fulpburous,  or  fpiritous,  as  we  fee  in 
nitre’s  being  made  inflammable ;  why  may 
not  other  corpufcles,  or  fmall  portions  of 
.matters  not  faline,  be  fo  broken  into  minute 
parts,  and  thefe  fo  fharp  and  connected,  as, 
when  duly  affociated,  to  compofe  a  body  ca¬ 
pable  of  difl’olution  in  water,  and  of  affect¬ 
ing  the  organ  of  taftei 

That  a  difpofition  to  be  diffoluble  in  a  li¬ 
quor,  may  be  acquired  by  mixture,  and  a 
new  texture  of  parts,  appears  from  many  in¬ 
stances  :  and  as  for  the  take,  ’tis  fome  que- 
Ition,  how  far  the  neceflity  thereof  may  con- 
ftfl  with  another  principle  ;  for  the  pureft  oils 
are  fapid,  yet  will  not  diffolve  in  water ;  fo 
that  there  does  not  appear  any  ftritt  connec¬ 
tion  between  being  fapid  and  foluble  in  that 
fluid.  Helmont  allures  us,  that  by  Paracel- 
fus's  fal  circulatum,  folid  bodies,  among  which 
he  inflances  Hones,  may  be  tranfmuted  into 
aCtual  fait,  equal  in  weight  to  the  body 
whereof  it  was  made ;  confequently,  as  the 
chemifts  allow  of  fulphur,  mercury,  CSV.  in 
fuch  bodies,  it  appears  that  the  fame  por¬ 
tions  of  matter,  which  pre-exilted  in  the  form 
pf  thofe  fimple  ingredients,  mull,  by  the  ope¬ 
ration  of  fire,  and  the  menftruum,  have  been 
converted  into  fait. 

For  acid  falts ;  we  may  inltance  in  falt- 
petre,  which,  tho’  it  have  no  acid  talle,  may 
be  made  to  afford,  by  diftillation,  above  three 
.quarters  of  its  weight,  of  a  highly  acid  li¬ 
quor,;  yet  it  does  not  appear,  that  fuch  a 
great  proportion  of  acid  particles,  or  polfibly 


any  proportion  at  all,  is  employed  by  nature, 
in  the  compofition  of  nitre. 

For  urinous  falts,  we  have  an  inftance  of 
their  production,  in  the  fait  obtained  by  di- 
flillation  from  foot ;  for  though  the  wood  we 
burn  in  our  chimneys,  feems  to  have  nothing 
of  the  talle  or  fmell  of  urine ;  nor  have  the 
diffolutions  of  the  faline  parts  of  fuch  wood 
been  obferv’d  to  have  any  affinity  in  talle  or 
odour  thereto;  yet  when  wood  is  burnt  in 
the  fire,  and  the  foot  afforded  by  it  diftill’d, 
we  get  a  white  volatile  urinous  fait,  like  what 
is  afforded  by  bl-ood,  urine,  or  the  like. 

For  lixivious,  or  the  fix'd  falts  of  calcin’d 
bodies,  the  chemills  themfelves  are  not  en¬ 
tirely  agreed.  For  however  the  prevailing 
opinion  may  be,  that  thefe  fix’d  alcalies  pre- 
exill  in  mixt  bodies  ;  Helmont  very  inge- 
nioully  propofes  another  origin,  and  holds 
them,  as  to  their  alcaline  form,  produClions 
of  the  fire,  by  whofe  violent  aCtion,  a  part 
of  the  fait,  which  in  the  concrete  is  all  natu¬ 
rally  volatile,  laying  hold  of  Ibme  parts  of 
the  fulphur  of  the  fame  body,  both  become 
melted  together,  and  thus  fix’d  into  an  alcali: 
which  fixation  he  exemplifies  by  what  hap¬ 
pens  when  falt-petre  and  arfenic,  tho’  both 
volatile,  when  expofed  to  the  fire,  are,  by 
its  operation  flux’d  and  made  to  fix  each  other ; 
tho’  what  feems  to  overthrow  this  account,  is, 
that  the  fire  may  not  perhaps  be  always  found 
a  neceffary  agent,  in  the  production  of  a 
lixivious  alcali :  for  Mr.  Beyle  tells  us  of  a 
piece  of  true  native  Egyptian  nitre,  which 
appear’d  to  have  all  the  properties  of  a  fix’d 
alcali.  T  hat  author  purfues  the  point  further; 
and  Ihews  how  to  make  alcalies  from  fea-falt 
and  falt-petre,  though  containing  acids  ; 
how  alcalies  may  be  depriv’d  of  their  alcaline 
form,  and  turn'd  into  other  fubltances ;  how 
common  fait  may  be  procured  from  fandiver, 
a  fix’d  alcali,  CSV  -f-. 

The  chemifts  lay  down  inflammability  as 
what  characterizes  their  principle  fulphur : 
whence  it  happens,  that  three  fubltances,  ma- 
nifeftly  different  in  confluence  and  texture, 
come  neceffarily  to  be  refer’d  to  fulphur  :  the 
inflammable  fubftance,  obtain’d  from  mixt 
bodies,  by  means  of  lire,  appearing  fometimes 
in  form  of  an  oil,  wh-ich  will  not  mix  with 
water  ;  fometimes  in  form  of  an  inflammable 
fpirit,  which  will  readily  unite  with  that  li¬ 
quor  ;  and  fometimes  in  form  of  a  confi¬ 
dent  body,  not  unlike  foffil  fulphur.  Now, 
what  in  moll  mix’d  bodies  is  called  fulphur 
need  not  be  conceiv’d  as  any  primordial  ingre¬ 
dient,  but  rather  as  a  generated  and  refulting 
thing  :  for  fulphur  itfelf  is  made  of  the  fame 

univerfal 
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tiniverfal  matter  with  other  bodies;  and  is 
only  a  coalition  of  certain  particles  thereof, 
whofe  aggregate,  by  having  a  particular  tex¬ 
ture,  &c.  becomes  difpofed  to  be  turn’d  into 
fire,  and  ufually  alfo  into  flame ;  and  there¬ 
fore  if  the  like  texture  may  be  found  in  por¬ 
tions  of  matter,  in  other  refpeds  different,  or 
if  art  and  chance  can  frame,  and  bring  toge¬ 
ther  particles  of  matter  fo  difpofed,  or  can 
give  them  fuch  a  texture,  as  difpofes  them  to 
kindle,  flame,  or  burn  away  ;  thefe  qualifica¬ 
tions  entitle  it  to  the  nature  of  a  fulphur, 
whether  it  participate  of  the  chemifts  primae¬ 
val  fulphur,  or  not. 

And  that  it  is  not  neceflary  the  oil,  pro¬ 
cured  by  fire  from  mixts,  be  a  primaeval  ele¬ 
ment,  may  be  argued  from  the  growth  of 
plants,  fed  merely  by  water ;  which  never- 
thelefs  afford  an  oil  in  diftillation  :  and  we 
fee  that  in  olive-trees,  almond-trees,  walnut- 
trees,  Ifc.  the  rain-water,  which  infinuates  it 
felf  into  their  roots,  is,  by  fucceflive  changes 
of  texture,  reduced  into  the  oil,  which  the 
fruit,  by  exprefiion,  fo  plentifully  yields. 
And  to  obviate  the  fufpicion  of  common 
water  being  impregnated  with  any  fulphu- 
rous  juices  of  the  earth,  it  may  be  added, 
that  diftill’d  water  will  nourifh  a  vegetable. 
What  is  more,  Mr.  Boyle  relates  an  experi¬ 
ment,  whereby  from  two  diftill’d  liquors,  both 
difloluble  in  water,  and  both  held  by  the 
chemifts  as  elementary  bodies,  w'z.  oil  of  vi¬ 
triol,  and  alcohol  of  wine,  he  procured  a 
conflderable  quantity  of  chemical  oil,  of  a 
very  different  nature  from  either  of  the  ingre¬ 
dient  liquors  *, 

This  oil,  or  fulphur,  of  vegetables  and  a- 
.nimals,  is  reducible,  by  means  of  lixivious 
falts,  into  foap ;  as  that  foap  is,  by  repeated 
■diftillations  from  a  caput  mortuusn  of  chalk, 
into  infipid  water  f. 

For  the  production  of  that  kind  of  ful- 
,phur  called  infamsnable  fpirits,  it  has  already 
been  touch’d  on,  in  fpeaking  of  fpirits.  For 
.that  of  conjijlent  fulphurs,  it  does  not  appear 
that  any  fuch  fubllance  is  really  procurable, 
either  from  vegetables  or  animals  :  what  the 
chemifts  have  pfually  taken  for  vegetable 
fulphurs,  Mr.  Boyle  fhews  to  be  no  other  than 
foffil  fulphurs,  and  to  be  feparated,  not  from 
the  .matter  of  the  vegetable,  but  from  that  of 
the  foflil  matters  ufed  in  the  procefs.  And  as 
for' the  fulphurs  fometimes  obtained  from  me¬ 
tals  and  minerals ,  ’tis  much  to  be  doubted 
whether  they  belong’d  thereto,  as  eflential 
ingredients,  or  were  only  corpufcles  of  com¬ 
mon  fulphur,  perhaps,  a  little  alter’d,  and 
mingled  with  other  parts  eflential  to  the  mi- 

*  Producib.  of  Chym.  Prin. 
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neral.  Thus  we  fee  in  native  cinnabar,  the 
mercury,  which  chemifts  fuppofc  a  compleat 
metal,  is  fo  mix’d  with  another  body,  as  not 
to  be  diftindly  difcernible,  till  feparated  by 
the  fire  :  and  from  this  cinnabar,  fulphur  has 
been  fometimes  obtain’d.  Add,  that  as  a 
large  quantity  of  common  fulphur  is  eafily 
feparable  from  vitriol-marcafites ;  it  appears 
poflible  for  fome  common  fulphur  to  remain 
more  clofely  mix’d  with  the  faline  and  metal¬ 
line  parts  of  the  vitriol,  afforded  by  the  fame 
marcafites  ;  from  which  latent  corpufcles  may 
proceed  the  fulphurous  fmell,  &c.  obferv’d 
in  vitriol  and  its  oil. 

M.  Homberg  refines  confiderably  on  the  no¬ 
tion  of  the  principle  fulphur.  That  oily,  or 
fatty  matter,  found  in  the  analyfis  of all  plants, 
and  animals,  and  fome  minerals,  and  which 
has  been  always  taken  for  the  chemical  prin¬ 
ciple  fulphur,  cannot  be  a  principle,  on  his 
foundation  ;  fince  it  may  be  reduced  into  o- 
ther  Ample  matters.  Add,  that  as  he  lays 
down  the  principle  fulphur  for  the  only  adive 
one,  and  which  of  confequence  fliould  be  found 
in  all  mixts ;  this  oily  matter  is  wanting  in 
moft  minerals,  and  therefore  cannot  be  the 
only  adive  principle.  In  the  analyfis  of  an 
oil,  its  whole  fubftance  refolves  into  a  deal 
of  aqueous  liquor,  a  little  infipid  earth,  and  a 
little  fait,  partly  fix’d  and  partly  volatiie; 
the  real  principle  fulphur,  which  conneded 
thefe  principles  together  to  make  an  oil,  is 
loft  in  the  operation  ;  the  whole  induftry  of 
the  artift  being  only  able  to  feparate  the  prin¬ 
ciples  from  each  other.  And  as  the  principle 
fulphur  is  only  fenfible  while  join’d  with  fome 
other  of  the  principles,  which  ferve  it  as  a 
vehicle  ;  it  muft  of  neceflity  efcape  from  who¬ 
ever  would  ftrip  it  of  all  heterogeneous  mat¬ 
ter. 

This  fulphur  may  either  be  confidered  as 
mingled,  and  retained  in  fome  other  matter ; 
which,  as  it  is  aqueous,  faline,  earthy,  or 
mercurial,  the  refult  will  appear  under  the 
figure  of  fpirit  of  wine,  oil,  bitumen,  or  me¬ 
tal  ;  none  of  which  are  the  principle  fulphur  : 
or,  it  may  be  confidered  as  pure,  and  without 
any  mixture  ;  in  which  laft  fenfe  alone,  it  is, 
that  fulphur  is  to  be  accounted  a  principle, 
and  the  only  adive  principle  ;  leaving  to  the 
reft  the  appellation  of  fulphurous  matters. 
Now,  all  mixts,  that  excellent  author  obferves, 
in  pafling  a  rigorous  analyfis,  lofe  the  princi¬ 
ple  fulphur,  which  was  the  band  of  the  com- 
pofition  ;  fo  that  the  more  the  chemift  en¬ 
deavours  to  extricate,  and  difergage  it,  the 
lefs  he  finds  it. 

Earth,  by  the  chemifts  call’d  terra  dapmata, 

of 

Id.  Scept.  Cbym. 


i66 


Tie  theory  of  Chemistry. 

figures;  or  lo  minute  as  that  they  flip  away  and  cannot  be  brought  to  fuftain 
the  a<5Hon  of  thofe  which  otherwife  might  divide  them  (m). 

As 

they  call  its  calx ;  as  we  fee-  in  tin  calcined 


of  all  fubltances  feems  to  have  the  fairefl  claim 
to  an  elementary  nature  ;  in  regard  the  vio¬ 
lence  of  the  calcining  fire  fhould  feem  to  have 
driven  away  all  the  mercurial  and  other  vola¬ 
tile  parts,  and  have  quite  burnt  out  the  ful- 
phurs,  which  are  often  more  fix’d  than  the 
relt ;  as  the  water,  on  the  other  hand,  fhould 
have  diffolved  all  the  fix’d  fait :  and  yet,  as  to 
the  characters,  whereon  the  fimplicity  and  im¬ 
mutability  of  the  earthy  part  of  bodies  are 
fuppofed  to  depend,  v.gr.  its  not  diffolving  ia 
water,  its  not  affeCting  the  tafte,  and  not  hav¬ 
ing  flown  oft'  with  the  other  parts  ;  it  will  bo 
found  that  thefe  too,  are  producible,  may  be 
compounded,  iff  c. 

Mr.  Boyle  has  (hewn,  that  not  only  each  of 
thefe  qualities  feparately,  but  all  of  them  to¬ 
gether,  may  and  frequently  do,,  arife  from  the 
mixing  and  varioufly  managing  of  compound 
fubftances,  wherein  they  were  not  before. 
Thus  from  oil  of  vitriol,  and  fpirit  of  wine, 
tho’  both  difloluble  in  water,  and  fapid,  he 
has,  by  digeftion  and  diftillation,  procured  a 
large  quantity  of  a  fubftance  indifloluble  in 
water,  infipid  and  fixed.  So  alfo  glafs,  which 
tho’  not  only  a  compounded,  but  a  recom¬ 
pounded  body,  (the  fand,  and  other  ftoncs, 
which  themfelves  are  mix’d  bodies,,  being  fur¬ 
ther  compounded  with  the  falts  that  diflolve 
them)  has  yet  all  the  three  qualities,  which 
the  chemifts  require  in  their  earth  ;  for  ’tis 
taftelefs,  diflblves  not  in  water,  and  is  fix’d  in 
the  fire.  And  if  allies  be  of  themfelves  capa¬ 
ble  of  vitrification,  as  the  chemifts  teach  ; 
how  are  we  fure,  that  in  common  afhes,  freed 
after  the  ufual  manner,  from  their  fixed  fait, 
what  is  called  a  Ample  earth,  may  not  be  a 
body  compounded  of  two,  or  more  fubftances, 
which  by  their  coalition,  and  new  texture, 
produced  by  the  aClion  of  the  fire,  have  been 
brought  to  a  kind  of  vitrification  ? 

That  earth  may  be  produced  de  novo,  may 
Iikewife  be  argued  hence,  that  if  fait  of  tartar 
be  diflolved  in  fair  water,  there  will  remain, 
after  numerous  filtrations,  and  after  every 
Angle  one,  a  fubftance  in  the  fibre,  which  has 
all  the  chemical  characters  of  earth.  The 
terra  damnata  of  vitriol  appears  evidently  no 
elementary  body,  from  its  purplilh  colour, 
its  weight  far  exceeding  that  of  earth,  iffc. 

In  effedt,  in  fome  bodies,  particularly  thofe 
of  the  metalline  kind,  the  calcining  fire  does 
not  operate  as  in  others,  particularly  vege¬ 
tables  ;  Ance  fometimes  almoft  the  whole 
weight  of  a  mineral  ftiall  be  found  in  what 


per  fe:  which  calx  is  in  great  meafure  redu¬ 
cible  fometimes  into  a  body  of  the  fame  na¬ 
ture  with  that  which  afforded  it  j.  and  fome¬ 
times  into  another  body,  far  from  being  ele¬ 
mentary  :  as  in  the  reduction  of  minium  into 
lead,  afhes  of  antimony  into  glafis,  iffc.  See 
further  in  the  chapter  earth,  as  an  injlru r 
ment. 

As  vigoroufly  as  Mr.  Boyle  combats  the  ele¬ 
ments,  yet  he  allows,  i.  That  many  mineral 
bodies  may  be  refolved  into  a  faline,  a  fuh 
phurous,  and  a  mercurial  one  ;  and  that  almoft 
all  vegetable  and  animal  concretes,  may  be 
reduced,  by  fire,,  into  five  fubftances,  fait,, 
fpirit,  oil,  phlegm,  and  earth  ;  of  which  the 
three  former  being  more  operative  than  the 
two  latter,,  may  be  look’d  upon  as  the  three 
aCtive  principles,  and  by  way  of  eminence  be 
called  the  three  principles  of  mixt  bodies. 
2.  That  thefe  principles,  tho’  they  be  not  per¬ 
fectly  fim pie,  may,  without  inconvenience,  be 
ftiled  the  elements  of  compound  bodies,  and 
bear  the  names  of  thofe  fubftances  which  they 
moft  refemble,  and  which  are  manifeftly  pre¬ 
dominant  in  them  ;  becaufe  no  one  of  thefe 
elements  feems  divifible  by  the  fire  into  four 
or  five  different  fubltances,  like  the  concrete,, 
whence  it  was  feparated.  3.  That  feveral 
qualities  of  a  mix’d  body,  and  efpecially  the 
medicinal  powers,  do,  for  the  molt  part,  lodge 
in  one  or  other  of  thefe  principles*. 

It  is  remarkable  enough,  that  the  order 
wherein  thefe  principles  fucceed  each  other  is 
different,  according  as  the  mixt  has  under¬ 
gone  a  fermentation  or  not :  if  it  have,  the 
fpirituous  liquors,  and  volatile  falts  rife  firft, . 
then  the  aqueous  liquors,  then  fetid  oils, 
leaving  a  caput  mortuum  at  the  bottom,  which 
affords  a  fix’d  fait  and  earth.  If  it  have  not 
fermented,  the  aqueous  liquor  precedes  the 
volatile  falts,  and  fpirits ;  the  other  matters 
following  in  the  order  abovementioned  f. 

(m)  To  this  purpofe.  Sir  Ifaac  Newton 
clofes  a  fine  inquiry  into  the  nature, 

laws,  and  conftitution  of  matter - “  All 

“  thefe  things  confidered,  it  feems  probable 
*e  tome,  that  God,  in  the  beginning,  created 
“matter  in  folid,  maffive,  hard,  impenetra- 

“  ble,  moveable  particles - incomparably 

“  harder  than  any  of  the  porous  bodies  com- 
“  pounded  of  them  :  nay,  fohard  as  never  to 
“  wear,  or  break  in  pieces ;  no  human  power 
“  being  able  to  divide  what  God  made  one, 

“  at  the  creation.  While  thefe  particles  con- 

"  tinue 


■f  Romberg.  Mem .  de  If  Acad.  R,  an.  1702. 
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7.  As  often  therefore  as  the  analyfis  of  a  compound  has  gone  fo  far,  as  to  re¬ 
duce  it  into  fuch  parts  or  elements  as  thefe ;  there  is  an  end  of  all  further  di- 
vifion,  till  fuch  time  as  thefe  fimple  corpufcles  be  re-united,  either  with’other 
fimple,  or  compound  ones. 

8.  Such  bodies  are  by  the  philofophers  called  elements  ;  and  into  fuch  the 
chemifts  have  often  alledged  that  bodies  are  by  their  operations  refolved  :  yet 
the  notion  is  overturned  even  by  themfelves.  It  muft  indeed  be  allowed  that 
fire,  air,  water,  earth,  alcohol,  mercury,  the  prefiding  fpirit  in  each  body, 
and  feveral  others,  do,  when  abfolutely  fimple,  appear  to  be  fine,  permanent 
elements :  but  whether  fuch  bodies  can  by  any  contrivance  be  procured  and 
exhibited  perfedtly  pure,  has  not  yet  been  demonftrated  :  indeed  that  nothing 
of  this  fimplicity  is  found  in  the  common  operations  of  the  chemifts,  has  been 
long  ago  obferved. 

9.  Fire  may  perhaps  be  exhibited  pure  and  elementary,  as  it  penetrates  gold, 
and  other  of  the  mod;  folid  bodies  :  but  no  human  art  can  produce  the  lead: 
drop  of  pure  water,  and  much  lefs  of  any  of  the  reft,  as  air  and  earth,  or 
the  like. 

10.  Add,  that  thefe  parts  into  which  bodies  are  refolved  by  chemifts,  are  of 
different  natures,  eafily  changeable,  and  may  further  be  refolved  into  other 
parts  ;  as  appears  from  water,  fpirit,  fait,  oil,  earth  produced  from  animal 
and  vegetable  bodies  :  even  alcohol  it  felf,  in  burning,  feparates  into  different 
parts. 

n.Laftly,  byre-compounding  the  chemical  elements  extracted  from  any 
body,  we  very  rarely  produce  the  primitive  compound  *,  as  may  appear  from 
the  analyfis  of  wine,  blood,  and  the  like.  To  obtain  truth  therefore  in  its 
purity,  and  guard  againft  errors,  it  is  neceffary  to  aflign  certain  bounds  to  the 
art,  beyond  which  it  may  not  pafs.  For  inftance,  that  from  any  kind  of 
bodies,  animal,  vegetable,  and  foflil,  a  certain  determinate  operation  in  che- 
miftry  will  always  produce  certain  determinate  effetfts,  which  are  accurately  to 
be  diftinguifhed  by  their  feveral  charaders  :  but  whether  the  matters  it  thus 
produces  adually  exifted  in  the  body  before  the  operation,  will  not  be  always 
eafy  to  afcertain  without  other  confederations.  Thus  the  fpirit  of  wine  ob¬ 
tained  from  any  particular  vegetable,  by  means  of  a  regular  fermentation  and 
a  proper  diftillation,  is  always  of  the  fame  nature,  and  produced  in  the  fame 
manner.  Nor  has  it  hitherto  been  pofiible  to  obtain  this  liquor  from  any  ether 
matter  :  neither  is  it  procurable  from  this  without  a  double  operation.  In  the 
mean  while,  this  liquor  which  the  chemift  fhews  us,  had  no  exiftence  before 
the  proper  means  of  fermentation  and  diftillation  were  apply’d  ;  fo  that  none 
but  a  chemift  can  fpeak  intelligently  of  its  matter,  caufe  and  properties.  And 
the  fame  thing  certainly  obtains  in  a  multitude  of  other  bodies  -}  fo  that  we 

reftrain 


“  tinue  entire,  they  may  compofe  bodies  of 
“  one  and  the  fame  nature  and  texture  in  all 
“  ages :  but  fliould  they  wear  away,  or  break 
“  in  pieces ;  the  nature  of  things  depending 
“  on  them,  would  be  changed  ;  water,  and 
“  earth,  compofed  of  old  worn  particles,  and 
“--fragments  of  particles,  would  not  be  of  the 

*  Newton.  Optic,  p.  375,  376. 


“  fame  nature  now,  as  water  and  earth  com" 
“  pofed  of  intire  particles  at  the  beginning. 
“  And  therefore,  that  nature  may  be  lading, 
“  the  changes  of  corporeal  things  are  to  be 
“  placed  only  i/i  the  various  feparations,  and 
“  new  aflociations' "a’nd  motions  of  thefe  per- 
“  manent  particles*.” 


2 


i68 


The  Theory  of  Chemistry. 

reftfain  the  art  within  narrow  bounds*,  which  art  is  not  depreciated,  but  rendered 
the  more  excellent,  ufeful,  and  expedient  thereby  :  and  thus  it  is  we  would  b« 
thought  to  profefs  chemiftry  («). 

12.  By  chemiftry  then,  alone,  it  is  we  learn,  that  in  every  animal,  or  vegetable, 
there  is  a  certain  Aura  or  fpirit,  peculiar  to  that  fingle  body  *,  fo  fubtile  as  only 
to  be  perceivable  by  its  fmell  or  tafte,  or  other  effeds  not  found  in  any  other. 
This  Aura  exhibits  the  proper  charader  of  that  body,  whereby  it  is  accurately 
diftinguifhed  from  all  others  ;  it  is  too  fine  and  thin  to  be  feen  by  the  eyes, 
though  arm’d  with  a  microfcope,  or  felt  by  the  hands,  and  withal  is  ex¬ 
tremely  volatile  :  fo  that  when  pure  and  fingle  it  flies  off,  by  its  great  mobility 
mixes  with  the  air,  and  returns  into  the  common  chaos  of  all  volatiles  ;  there 
ftill  retaining  its  nature,  it  floats  till  it  falls  down  with  fnow,  hail,  rain,  or 
dew ;  by  which  it  again  enters  the  bofom  of  the  earth,  impregnates  it  with 
its  prolific  virtue,  and  at  length  is  received  with  other  juices  of  the  earth  into 
the  bodies  of  animals  and  vegetables.  By  fuch  revolution  it  paftes  into  new 
bodies,  whofe  mafs  it  animates  and  direds.  This  body,  from  its  great  pene¬ 
trability,  exquifite  fubtilty,  extraordinary  volatility,  is  called  by  the  ancient 
chemifts,  who  were  deeply  fkilled  in  the  nature  of  things,  Spiritus  reRor,  or 
prefiding  fpirit.  This  fpirit  was  lodged  by  the  creator  in  a  tenacious,  durable 
matter,  noteafilyto  be  difperfed,  either  by  air,  water,  or  fire,  and  called  oil,  by 

whofe 


(n)  Mr.  Boyle ,  in  his  Sceptical  Chemljl ,  fur- 
nifhes  abundance  of  curious  things  on  the  che¬ 
mical  principles,  or  elements.  Fire,  he  clearly 
proves,  does  not  barely  take  the  elementary 
ingredients  of  bodies  afunder,  but  alfo  alters 
them ;  and  fubftances  are  thereby  feparable 
from  bodies,  which  were  not  pre-exiftent 
therein:  wedoa’t  mean  materially  pre  exiftent; 
but  only  in  that  form nor  even  that  fome 
things  may  not  be  procured  from  mixrd  bodies 
that  were  more  than  barely  materially  pre- 
exiftent  y  but  only,  that  feveral  things  ob¬ 
tained  from  a  mixed  body,  expoied  to  the  fire, 
were  not  its  ingredients  before  ;  and  that  the 
fubltances  called  principles,  may  be  produced, 
de  novo,  various  ways.  In  order  to  this,  he 
obferves,  that  the  operation  of  fire  does  fome- 
times  not  only  divide  mixed  bodies  into  minute 
parts,  but  alfo  compounds  thofe  parts  after  a 
new  manner  ;  whence  there  may  refult  as  well 
faline,  and  fulphurous  fubltances,.  as  thofe  of 
other  textures.  Thus  foap,  which  is  known 
to  bean  artificial  compofition  of  oil  or  greafe, 
fait  and  water  incorporated  together,  being 
expofed  to  a  gradual  fire  in  a  retort,  will  fe- 
parate,  but  not  into  the  fame  fubltances  where¬ 
of  it  was  compounded  ;  but  others,  of  a  very 
different  kind.  Add,  that  from  many  vege¬ 
tables,  there  may,  without  any  addition,  be 
procured  glafs,  a  body  furely  not  pre-exiftent 
in  them,  but  produced. by  the  fire  :  and  from 
mercury,  by  a  proper  management,  a  fourth 
part  of  clear  water  may  be  procured;  tho*  ’tis 
no  way  pofiible  any  fuch  quantity  of  water 


fhould  be  contained  in  a  fluid  fourteen  times 
heavier  than  water  :  how,  their,  can  we  be 
fure  that  phlegm  is  barely  foparated,  not  pro¬ 
duced  in  other  bodies  by  the  adlion  of  fire  ?' 
for  we  know  of  but  few,  if  any  bodies,  of  a 
more  unalterable  nature  than  mercury.  To 
fay  no  more,  a  vegetable  may  be  nourifli’d,. 
and  grow  up  of  water  alone  ;  and  fuch  vege¬ 
table,  by  a  common  analyfis,  yield  all  the 
principles  :  now,  if  out  of  fair  water  alone, 
not  only  fpirit,  but  fait,  oil,  and  earth  may 
be  produced  ;  it  follows,. that  fait  and  fulphur, 
&c.  are  not  primogeneal  bodies  and  principles ; 
fince  they  are  daily  made  out  of  plain  water, 
by  the  texture  which  the  feed,,  or  feminal' 
principle  of  plants,  gives  it.  Nor  would  this 
feem  fo  firange,  did  not  we  overlook  the  ob¬ 
vious,  and  familiar  operations  of  nature  :  for 
if  we  confider,  what  flight  qualities  they  are,, 
that  ferve  to  denominate  a  chemical  element ; 
we  fhall  find,  that  nature  frequently  produces 
as  great  alterations  in  feveral  portions  of  mat¬ 
ter.  To  be  readily  diffoluble  in  water,  is  e- 
nough  to  make  a  body  pafs  for  a  fait:  yet  we 
fee  not  why,  by  a  new  arrangement,  and  dif- 
pofition  of  component  particles,  it  fliould  be 
harder  for  nature  to  compofe  a  body  difloluble 
in  water  of  a  portion  of  matter  that  was  not  fo 
before,  than  of  the  liquid  fubftaneeof  an  egg, 
which  will  eafily  mix  with  water,  to  produce, 
by  the  bare  warmth  of  a  brooding  hen,  mem¬ 
branes,  tendons,  feathers,  &c.  not  difloluble 
in  water.  See  the  article  Fire. 
l 
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whofe  Lentor  it  is  as  it  were  invifcated,  and  prevented  from  flying  off,  and 
deferting  the  body,  for  whofe  dire&ion  it  was  appointed.  Accordingly  we 
find  the  ancient  alchemifts  maintain  that  this  fpirit  refides  in  fulphur. 

13.  But  this  oil,  whereby  the  fpirit  is  retained,  is  much  more  volatile  than  the 
other  undtuous  ones  found  in  the  fame  body  ♦,  fo  that  as.  the  body  approaches 
to  death,  it  exhales  almoft  continually  with  the  breath  ;  left  a  fpirit  fit  for  fuch 
great  ufes  fhould  remain  ufelefs  in  a  carcafs.  But  fo  fparing  is  nature  in  be- 
ftowing  this  fpirit,  that  file  feems  only  to  have  inftilled  the  fmalleft  particle  of 
it,  tho’  this  of  an  excellent  kind,  and  fufficient  for  the  purpofe.  The  ancient 
adepts  have  prefum’d  to  meafure  this  minute  portion,  and  tell  us  that  it  is  al¬ 
ways  part  of  its  feminal  body.  They  add,  that  it  is  of  fo  adtive  a  nature, 
that  when  cherifhed  by  a  brooding  warmth,  and  fuftained  by  a  due  Pabulum , 
it  is  extremely  moveable,  and  endued  with  an  incredible  power  of  generating 
a  fpirit  like  it  felf,  as  appears  from  frequent  experience :  hence  they  call  it  the 
vital  fpark,  Filius  Solis ,  the  fon  of  the  fun,  Spiritus  intus  alens ,  the  internal 
nourifhing  fpirit,  and  many  other  the  like  names. 

14.  To  illuftrate  this  dodtrine  by  an  inftance,  let  us  take  fome  vegetable  body 
which  has  certain  characters  whereby  it  may  evidently  be  diftinguifhed  from 
all  others  •,  fuppofe  cinnamon,  which  is  an  aromatic  of  a  moft  fragrant  fmell 
and  pleafant  tafte  :  diftilling  a  pound  of  this  with  boiling  water,  and  taking 
care  that  none  of  it  be  loft,  there  will  arife  a  milky,  odorous,  favoury  liquor,  to 
the  bottom  of  which  fettles  a  little  ruddy  fragrant  oil,  ftrong  of  the  virtue  of 
cinnamon,  and  fuch  the  firft  liquor  was.  After  feparating  the  two  liquors, 
let  the  remaining  cinnamon  be  diftill’d  with  a  fecond  water,  upon  this  will 
arife  a  limpid  watery  juice  of  an  acid  tafte,  a  faint  fmell,  and  affording 
none  of  the  marks  of  cinnamon  ;  but  fo  like  to  many  other  bodies,  as  not  to 
beeafily  diftinguifhed  therefrom.  The  remainder  will  be  of  a  ruddy  brown 
colour,  an  auftere  acid  tafte,  inodorous,  and  without  any  thing  to  denomi¬ 
nate  it  cinnamon  :  tho’  by  its  figure  and  external  appearance  it  might  ftill  pafs 
for  cinnamon  *,  but  as  to  ufe  or  excellency  has  nothing  to  diftinguifh  it 
from  the  bark  of  any  other  tree  treated  in  the  fame  manner.  All  the  virtue 
therefore  of  cinnamon  refides  in  its  diftilled  water,  and  particularly  in  the 
oil  fettling  at  the  bottom  thereof.  If  this  water  be  kept  a  long  time  in  a 
clofe  veflel,  it  will  depofite  its  oil,  become  thinner,  and  have  much  lefs  of  the 
aromatic  fmell ;  fo  that  this  noble  property  refides  chiefly  in  the  oil.  If 
the  water  impregnated  with  this  fpice  be  feparated  from  its  fubfiding  oil,  and 
placed  in  a  narrow-mouth’d  glafs  veflel  unftopped,  the  whole  place  will  fmell 
of  c-innamon,  and  the  remaining  water  in  a  fhort  time  lofe  all  its  aromatic  vir¬ 
tue  •,  yet  without  any  greater  diminution  of  weight  than  would  have  been 
found  in  an  equal  quantity  of  common-water  under  the  fame  circumftances 
of  veflel,  place,  and  time  :  fo  that  the  virtue  of  the  cinnamon-water  refided 
in  a  very  {mail  particle  thereof.  Laftly,  expofing  the  oil  in  a  broad,  open 
glafs-veflel  to  the  air,  in  a  wide,  open  place,  the  place  will  be  filled  with  a  fra¬ 
grant  odour  i  but  the  oil  it  felf  lofe  all  its  virtue  *,  remaining  ftill  much  the 
fame  in  weight,  but  utterly  deftitute  of  its  original  virtue.  It  appears  therefore^ 
that  the  whole  virtue  of  the  cinnamon  refided  only  in  a  very  (mail  quantity  of 
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oil,  and  yet  made  only  the  fmalleft  part  thereof. — And  what  has  been  lhewn 
in  this  inftance  may  be  apply’d  almoft  to  any  other  body. . 

1 5.  Some  happy  adepts  pretend  to  have  feen  thefe  fpirits  fealed  up  in  their  fe  ve- 
ral  bodies  of  fulphur,  both  in  metals,  and  in  other  foflils;  and  fay  that  the  fame, 
if  freed  from  the  reftraint,  are  exceedingly  aftive,  apt  to  infinuate  into  other 
kind  of  bodies,  and  of  great  efficacy  againft  difeafes. — Butas  for  the  truth  here¬ 
of,  I  fhall  leave  it  to  the  adepts  themfelves  ;  declining  to  enter  into  any  further 
detail,  left  I  Ihould  be  fulpedted  of  commending  a  thing  I  am  not  matter 
of  ( 0 ). 

(0)  That  accurate  chemift,  M.  Homberg,  in  his  tals  and  metallic  minerals;  and  others  not, 
new  Effais  de  Chemie ,  lays  down  the  principles  as  ftones,  earths,  foffil  falts,  & c.  The  prin- 
of  foffil  bodies  to  be  fait,  fulphur,  mercury,  ciples  of  all  animal  and  vegetable  bodies,  ac- 
water  and  earth:  not  that  all  foffils  contain  cording  to  the  fame  author,  are  fait,  fulphur, 
them  all;  for  mercury,  he  fhews,  is  not  a  earth  and  water.  Mm.  del' Acad,  an.ijoz* 
common  principle ;  but  fome  have  it,  as  me- 
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O  F 

CHEMISTRY. 

i.  r  i'  lll  E  effeCts  of  chemiftry  are  reduced  to  four  principal  claffesor  kinds  Extras, 
of  things  *,  produced  by  combination  and  feparation.  When  a  body  is 
refolved  into  its  feveral  parts,  and  thofe  exhibited  feparate  from  each  other, 
thisprocefs  or  manner  of  a&ion  is  called  extraction,  and  the  parts  themfelves, 
efpecially  thofe  of  chief  ufe,  extracts.  Thus,  when  from  wormwood  we  pro¬ 
cure  only  the  bitter,  pungent  part,  feparate  from  the  reft,  it  is  called  extraCt 
of  wormwood  ;  and  the  moft  aCtive  part  of  iron,  when  detached  from  the 
reft,  is  called  extraCt  of  Mars.  To  this  clafs  are  reducible  a  multitude  of 
operations  employed  in  the  fame  body  ;  as  diftillation  with  and  without 
water,  decoCtion  and  infpiffation  produced  thereby  in  various  degrees  ;  alfo 
tinCtures,  by  whatever  menftruum  produced,  £dV. 

2.  When  fuch  an  extraCt  is  prepared  not  from  one,  but  feveral  bodies  mixed  Ckjfus. 
together,  it  changes  its  name,  and  is  called  a  Clyjfus  *,  which  term  may  alfo  be 
applied  to  feveral  extracts  procured  from  the  fame  body,  and  then  mixed  to¬ 
gether  :  As  if,  e.  gr.  from  wormwood  we  draw  the  water,  fpirit,  oil,  fait, 

and  tinCture,  and  according  to  the  rules  of  art  unite  thefe  again  into  a  mafs 
compounded  of  them  all,  and  containing  the  joint  virtue  of  all.  To  this 
clafs  are  reducible  many  of  the  nobleft  productions  of  the  art,  as  the  more 
curious  Sapo’s ,  and  an  infinite  number  of  others. 

3.  Magifteries  feem  to  have  been  thus  called  by  the  ancient  chemifts,  as  Magljlmes , 
denoting  the  capital  production,  or  mafter-piece  of  their  art.  They  pretend 

they  are  able  to  take  any  fimple  body,  and  without  any  change  of  its  weight, 
or  divifion  of  its  parts,  alter  it  into  another  exceedingly  different  from  the 
former,  and  ufually  liquid  :  for  inftance,  to  reduce  an  ounce  of  gold  into  a 
fluid  of  the  fame  weight,  by  fire  alone,  without  the  addition  of  any  other 
matter.  This,  if  there  be  any  reality  in  it,  is  undoubtedly  the  greateft  ex¬ 
cellency  of  the  art ;  but  it  is  hitherto  little  known,  except  that  fomething  of 
the  kind  feems  producible  by  force  of  fire.  Thus,  wax  driven  out  of  a  retort 
by  the  fire,  undergoes  a  furprizing  alteration,  yet  without  being  feparated. 

4.  Laftly,  elixirs  feem  properly  to  be  where  feveral  bodies  are  mixed  to-  Elixirs. 
gether,  and  without  altering  their  weight,  changed  into  quite  other  forms  : 

fo  that  an  elixir  is  a  kind  of  magiftery  made  of  feveral  bodies.  This,  Para- 
celfus  afferts  to  have  done  in  aloes,  faffron,  and  myrrh  ;  but  Helmont  accufes 
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him  of  concealing  a  folvent  capable  of  working  fuch  a  miracle ;  yet  fubftitutes 
no  better  himfelf :  not  but  fomething  of  this  kind  may  be  expe<fted  from  the 
art.  ’Tis  certain,  a  preparation  made  with  tartariz’d  tartar,  almoft  did  the  thing, 
excepting  the  exuvise  of  thefaffron  :  and  we  make  no  doubt  but  that  better 
folvents  may  be  known  to  others  ;  it  being  by  no  means  decent  to  meafure 
the  knowledge  of  other  people  by  our  own  fcanty  pittance;  tho*  thechemifts 
are  but  too  apt  to  fully  themfelves  with  boafting. 

5.  I  am  not  ignorant  that  the  terms  above  mentioned  are  fometimes  ufed 
by  good  authors  in  a  different  fenfe,  but  I  have  fome  of  the  beft  to  vouch  for 
the  acceptations  I  have  given  them :  the  reader  is  at  liberty  to  take  which  he- 
pleafes  (p). 

Of  the  Ufe  of  Chemijlry  in  Natural  Philofophy . 


Chemijlry 
promotes  na¬ 
tural  philofo- 
phy. 


i.  HEMISTRY  being  employed  in  the  examination  of  all  fenfible 
bodies,  ’tis  obvious  of  how  much  importance  it  is  in  the  fcience  of 
natural  philofophy,  and  that  it  extends  itfelf  through  all  the  parts  thereof :  be- 
fides,  making  great  ufe  of  fire  in  the  changing  of  bodies,  it  becomes  on  that  ac¬ 
count  of  great  affiftance  to  natural  philofophy,  in  regard  fire  is  the  moft  gene¬ 
ral  inftrument  which  nature  makes  ufe  of  for  the  accomplifhing  of  almoft  all 
her  works.  Natural  philofophy  therefore  being  the  knowledge  of  all  bodies, 
and  of  all  the  modifications  which  may  be  obferved  in  them,  chemiftry  has  it 
immediately  in  view  to  promote  this  fcience  ;  which  I  fhall  endeavour  to  (hew 
more  explicitely.  Thebufinefs  of  a  natural  philofopher  is  to  communicate  a 
folid  and  accurate  knowledge  of  all  the  bodies  in  being,  and  all  the  affe&ions 
thereof.  Nor  can  this  fcience  be  acquired  otherwife  than  by  obferving,  by  means 
of  our  fenfes,  all  the  objedts  which  the  author  of  nature  has  made  cognizable 
thereto  :  hence,  the  firft  and  principal  part  of  this  fcience  is  to  colledt  all  the 
manifeft  and  fenfible  appearances  of  things,  and  reduce  them  into  a  body  of 
natural  hiftory.  Now  there  are  two  ways  of  making  fuch  obfervations  ;  the 
firft,  when  we  view  things  nearly  as  they  happen  to  turn  up,  without  any  de- 
fignor  intervention  of  our  own,  in  which  way  no  great  improvements  can  be 
expedited  in  the  art ;  becaufe  chance  having  here  the  direction,  only  exhibits 
occafional,  or  extemporary  properties  :  the  other  method  is,  when  after  a 
thorough  acquaintance  with  bodies,  we  apply  them  to  other  bodies  equally 
known,  diligently  attending  to  the  refult,  and  obferving  whether  any  thing 
new  arifes.  This  is  by  far  the  more  advantageous  method  to  philofophers, 
as  may  appear  from  this  confideration,  to  omit  many  others,  that  there  are 
infinite  and  many  of  thofe  very  powerful  properties  in  bodies,  which  never 
fhow  themfelves  in  the  ordinary  and  fpontaneous  courfe.  of  nature,  but  are 

only 


(p)  This  chapter  might  be  improved  from  have  obtained  by  the  moil  perfect  analyfis0 

a  particular  confideration  of  all  the  general  which  would  furnifh  out  a  thoufand  new  pr  - 

proceffes  hereafter  laid  down  in  the  practice  ;  duftions,  never  confidered  or  known  by  thofe 

and  much  more  from  all  that  has  hitherto  been  who  firil  invented  this  fuperficial  divifion  of 

done  by  chemifts  in  their  laboratories  ;  fo  as  the  effects  of  chemical  operations,  into  ma- 

to  include  as  well  the  various  fubltances  they  gifteries,  extracts,  elixirs  and  clyffus-’s. 

have  made  by  compofition,  as  the  limples  they 
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only  brought  to  notice,  when  bodies  are  examined  either  together,  orafunder, 
by  chemical  means,  and  efpecially  by  fire,  in  a  manner  from  which  the  artift 
can  certainly  expe£t  fuch  an  event  to  arife  therefrom.  For  the  cultivation  of 
this  laft  method,  chemiftry  feems  the  only  art  that  is  fit.  It  refolves  a  com¬ 
pound  into  its  fimples,  and  having  examined  thofe  ingredients  feparately,  u- 
nites  them  again  after  a  certain  manner,  in  hopes  of  finding  fome  new  ap¬ 
pearance,  or  power  turn  up.  This  feparating,  or  mixing  various  bodies,  and 
then  purfuing  them  with  a  determinate  degree  of  fire  carefully  noted,  turns  its 
whole  attention  to  the  obferving  of  what  nature  will  produce  in  them.  This 
art  being  thus  inftrutfted  in  the  ways  wherein  thofe  above  mentioned  obvious 
phenomena  of  nature  may  be  exadtly  imitated,  difcovers  and  lays  before  our 
eyes  the  very  inftruments  whereby  that  powerful  agent  produces  her  effects, 
and  thus  leads  us  in  her  moft  fecret  ways3  and  often  wifely  directs  them  to 
our  own  ufes. 

2.  Of  this  we  have  innumerable  inftances  •,  particularly  in  gun-powder,  Inf  antes  of 
Phofphorus ,  hot  liquors  produced  by  mixture,  and  the  fiery  ebullitions  of 

fuch  bodies.  We  own  that  mechanics,  and  thofe  {killed  in  hydroftatics  and  * 
hydraulics,  have  explained  many  operations  in  nature  by  an  infallible  method, 
from  the  general  properties  common  to  all  bodies.  But  from  all  thefe  fciences, 
how  much  foever  improved,  they  have  never  been  able  to  account  for  thofe 
pffedls  of  bodies  which  depend  on  the  difpofition  peculiar  to  certain  kinds 
thereof ;  which  the  creator  has  endowed  therewith  beyond  all  the  reft  ;  as 
thofe  effects  would  never  have  exifted,  had  fuch  peculiar  power  or  pro¬ 
perty  of  the  body  been  wanting.  Thus,  if  a  load-ftone  be  brought  near  a 
load-ftone,  iron  be  brought  near  the  fame,  or  iron  touch’d  with  .a  magnetic 
body  be  brought  near  any  of  the  former  ;  what  fwift  and  furprizing  effects 
will  arife  ;  effects  no  where  elfe  to  be  found  (q)  ? 

3.  Now  it  is  evident,  that  of  all  the  fciences  chemiftry  is  beft  adapted  for 
difeovering  thefe  latent  peculiar  powers  of  bodies  :  whence  we  may  fafely  con-  - 
elude,  that  the  chemical  art  is  the  beft  and  fitted;  means  of  improving  natural 
knowledge  (r).  They  who  are  pofiefied  hereof  will  be  able,  by  a  truly  a&ive 
knowledge,  to  produce  phyfical  effeefts,  without  refting  in  fubtilties  of  words, 
or  idle  ’fpeculations  of  theory  :  it  being  the  character  of  a  chemift,  that  his 
fpeculations  pafs  on  to  effects.  Thus,  when  he  explains  glafs,  he  will  at  the 

fame 


[q]  Body  being  abfolutely  paffive,  there  is 
a  neceffity  for  fome'adtive  power  or  principle 
to  put  it  into  motion,  and  make  it  produce  the 
phenomena  it  affords.  Body  at  reft  is  not 
only  incapable  of  adting,  but  even  carries  an 
oppofition  to  adtion  :  it  has  a  real  power  of 
inaflivity,  a  vis  inertia,  as  we  call  it ;  which 
removes  it  even  out  of  a  Hate  of  indifferency, 
and  determines  it  abfolutely  to  remain  inac¬ 
tive  :  fo  that  not  only  a  contrary  power  or 
principle,  but  that  even  in  a  higher  degree 
than  the  former,  is  neceflary  to  produce 
adtion  therein. 

"1  he  adtive  powers  which  have  hitherto  fal¬ 
len  under  obfervation,  are  gravity,  whereby 
bodies  tend  toward  the  centre  j  attraction, 


whereby  the  particles  of  bodies  cohere  ;  the 
caufes  of  elafticity,  eledtricity,  magnetifm,  fer¬ 
mentation,  &c.  See  this  point  further  con- 
fidered  in  the  notes  on  the  chapter  Of  Ope¬ 
rations. 

(r)  It  is  by  means  of  chemiftry,  that  Sir 
Ifaac  Newton  has  made  a  great  part  of  his 
furprizing  difeoveries  in  natural  philofophy  ; 
and  that  curious  fett  of  queries,  which  we 
find  at  the  end  ofhis  optics,  are almoft  wholly 
chemical.  Indeed,  chemiftry,  in  its  extent, 
is  fcarce  lefs  than  the  whole  of  natural  philo¬ 
fophy  ;  as  might  be  fatisfadtorily  fhewn  by  a 
thorough  chemift:  ;  after  the  manner  wherein 
our  learned  author  proceeds  to  fhew,  that  al‘ 
moft  the  whole  of  medicine  is  chemiftry. 


?7* 


! The  Theory  of  Chemistry. 

fame  time  fhew  the  manner  wherein  it  may  certainly  be  made  •,  and  in  account¬ 
ing  for  fermentation,  he  will  at  the  fame  time  produce  it ;  his  fayings  will  be 
effects  •,  and  being  free  from  the  enquiry  of  ultimate  caufes,  he  will  give  the 
prefen t  ones.  He  does  not  invoke  daemons,  goblins,  or  fpirits,  but  applies 
body  to  body,  and  thus  works  his  end.  He  does  not  regard  the  names  of 
fubftantial  forms,  but  fticks  to  the  confideration  of  the  fenfible  powers  pecu¬ 
liarly  found  in  each  body  ;  which  he  exhibits  by  effects,  and  fhews  how  they 
may  be  applied  to  the  production  of  the  nobleft  works.  He  pays  no  homage 
to  occult  qualities,  but  difcovers  by  his  art  the  effiedts  ignorantly  afcribed 
thereto  ;  and  teaches  how,  when  difcovered,  they  may  be  brought  into  aCtion. 
He  readily  confefles  his  ignorance  as  to  the  creation  of  feeds,  and  the  pecu¬ 
liar  ftrudture  given  to  each  body  at  its  firft  origin  ;  but  carefully  attends  to 
the  appearances  arifing  therefrom,  and  after  noting  them  faithfully  down,  ap¬ 
plies  them  diredly  to  the  working  changes  in  things.  Such  are  the  noble 
fruits  which  chemiftry,  duly  cultivated,  holds  forth  to  natural  philofophers  ; 
and  from  this  will  arife  fuch  a  fyftem  of  phyfical  knowledge  as  the  great 
Lord  Bacon  wifh’d  for,  and  begun  *,  and  which,  in  purfuanceof  his  defign,  the 
immortal  Mr.  Boyle  confiderably  promoted. 

Ufe  of  Chemijlry  in  Medicine . 


Cbemijlry  ne- 
cejfary  to  pby- 
fic ,  injianced. 


Phxjtoloyy, 
boojo  procu¬ 
rable. 


i.  rp  H  E  fame  ufe  which  chemiftry  has  in  all  phyfics,  it  evidently  has  in 
the  medicinal  part  which  treats  of  the  human  body,  and  the  adtion 
of  other  bodies  thereon  :  neither  of  which  can  be  truely  underftood  without 
the  aftiftance  of  chemiftry.  We  need  not  enter  into  a  minute  proof  hereof. 
It  is  by  chemiftry  alone  we  learn  that  the  firft  elements  of  the  folid  parts 
of  our  body  are  mere  earth,  bound  together  by  means  of  an  oily  Gluten , 
which  is  inseparable  from  the  fame  ;  except  by  the  utmoft  force  of  an  open 
fire.  The  fame  art  alfo  (hews  us,  that  water  infinuating  between  the  folid  parts, 
does  alfo  the  office  of  a  binder,  hardens  and  confolidates  with  them,  fo  as  not 
to  be  eafdy  feparable  therefrom.  The  fame  alfo  firft  explained  the  origin  of 
this  earth,  oil  and  water,  out  of  the  food  chemically  confidered  ;  as  alfo  the 
origin  of  the  humours  in  the  body  from  the  fame  food,  duly  examined  by 
chemical  means.  And  for  the  parts,  kinds,  powers,  and  changes  of  thofe 
humours,  who  can  unfold  them  without  an  intimate  acquaintance  with  this 
art  ?  And  as  there  is  a  peculiar  degree  of  heat,  now  determinable  by  a  ther¬ 
mometer,  which  belongs  to  a  healthy  ftate  of  body  ;  and  as  this,  when  well 
adjufted,  is  the  proper  rule  whereby  the  power  of  adting  is  meafured  ;  *tis 
evident  of  how  much  ufe  chemiftry  is  beyond  all  other  arts,  for  explaining  the 
effedts  of  this  fire. 

2.  And  as  thofe  {killed  in  mechanics  and  hydroftatics  account  for  a  multitude 
of  appearances  obferved  in  the  affair  of  health  ;  and  as  other  naturalifts  daily 
make  other  difcoveries  ;  fo  do  chemifts  render  many  things  intelligible,  other- 
wile  impoffible  to  be  learnt:  *,  infomuch  that  we  muft  of  neceftity  own,  that 
many  of  the  moft  important  parts  in  all  the  medical  phyfiology  are  only  to  be 
known  by  chemiftry.  The  chief  article  of  its  praife  is,  that  it  alone  detedls 
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and  explodes  the  errors  which  certain  unfkilful  chemifts  had  introduced  into 
phyfic  ;  as  has  been  fully  fhewn  by  Boyle ,  Bohn ,  Hoffman ,  and  Homberg ,  to 
omit  others.  Some  pretended  retainers  to  chemiftry  have  boafted  that  they 
could  folve  all  the  points  of  phyfiology  by  their  art  alone  *,  an  error  equal  to 
theirs  who  pretend  to  explain  every  thing  without  any  chemiftry  at  all.  The 
bufinefs  of  anatomy  is  faithfully  to  relate  the  ftrucfture  and  parts  of  the  body  ; 
of  mechanics,  to  apply  their  doftrine  to  the  folids  ;  of  hydroftatics,  to  afeertain 
the  common  laws  of  the  motion  of  fluids  ;  of  hydraulics,  to  demonftrate  the 
actions  of  the  fame  fluids  in  their  paffage  through  known  canals  :  and  to  all 
thefe  add  what  genuine  dodlrines  chemiftry  will  afford  the  whole,  if  I 
miftake  not,  this  will  make  a  perfect  medical  phyfiology. 

3.  Nor  does  chemiftry  feem  of  lefs  fervice  in  framing  a  juft  pathology.  For  Pathology . 
how  fhall  we  aflign  the  caufes,  changes  and  effeefts  of  morbid  humours  in  the 

body,  otherwife  than  from  chemical  principles?  The  difeafes  incident  to 
the  fluids,  when  they  ftagnate  in  the  veflels,  or  move  too  flowly  thro*  the 
fame  ;  or  when  they  are  extravafated,  and  fettle  in  the  cavities  of  the  body,  are 
inexplicable  without  this  art.  So  likewife  the  manner  whereby  a  brifk  agita¬ 
tion  of  the  oils,  falts,  fpirits,  and  earth  intermixed  with  our  fluids,  and  circu¬ 
lating  therewith  thro*  the  arteries,  makes  a  change  in  them^isonly  to  be  learnt 
from  chemiftry.  'The  nature  and  kinds  of  acrimony,  and  how  generated  in 
the  body,  are  unintelligible  without  chemiftry.  By  what  means  the  parts  of 
the  blood  are  coagulated,  and  how  refolved  again,  is  beft  learnt  from  our  art  ; 
which  alfo  explains  the  nature  of  Pus ,  Ichor,  Sanies ,  fluid  Virus ,  the  fpreading 
of  gangrenes,  and  the  effeeft  of  mortifications  ;  concerning  any  of  which  we 
have  nothing  tolerable  without  chemiftry.  Add,  that  the  difeafes  of  the  bones, 
cannot  be  truly  accounted  for  without  the  afliftance  of  chemiftry. 

4.  Buttho’  chemiftry  be  allowed  of  great  ufe  in  phyfiology  and  pathology  ;  Semelotics , 
yet  that  part  of  phyfic  employed  about  the  figns  of  health,  difeafes,  and  life, 

was  fo  thoroughly  cultivated  by  the  ancient  Grecians ,  that  many  will  imagine 
there  is  no  room  for  chemiftry  here.  We  muft  own  indeed,  that  the  dili¬ 
gence  and  fidelity  of  the  ancients  in  collecting  the  figns  of  difeafes,  furpafled 
all  belief ;  and  yet  they  were  wholly  employed  in  obferving  thofe  indications 
which  nature  fpontaneoufiy  prefents  to  the  fen fes  •,  which  point  they  attended 
to  fo  follicitoufly,  that  they  have  left  little  for  the  moderns  to  do  herein  :  in- 
fomuch  that  the  chemift  muft  learn  this  doctrine  wholly  from  them,  before  he 
be  qualified  to  apply  his  art  to  the  difeovery  of  difeafes.  And  yet  the  true  fig- 
nification  of  each  fign  is  not  eafy  to  be  learnt  without  chemiftry  ;  but  fatisfac- 
torily  with  it.  This,  if  we  had  time,  might  be  fhewn  in  every  particular. 

It  was  found  by  them  that  the  too  quick  pulfations  of  the  arteries  denoted  a 
fever  prefent,  the  degree  whereof  they  eftimated  by  the  number  of  pulfations  ; 
and  thus  that  by  an  increafe  of  the  natural  heat,  the  radical  moifture  was 
wafted.  Confequently  that  the  danger  of  the  difeafe  was  different,  according 
to  the  different  degree  of  heat.  Harvey  further  taught,  that  the  too  great  ce¬ 
lerity  of  the  pulfations  was  owing  to  the  heart,  which  received  the  blood  from 
the  veins  and  difeharged  it  into  the  arteries  too  quick.  Thus  far  only  went 
the  ufe  of  the  fign  which  they  had  obferved  ;  but  a  chemift,  upon  obferving 
the  heat  increafed  by  the  increafe  of  the  number  of  pulfations,  will  fhew  us  by 

evident 
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evident  experiments,  that  the  mod  liquid  parts  will  thus  be  diffipated,  the 
reft  thickened,  the  oils  diffolved,  mix’d  with  the  blood,  ground  againft  the 
veffels,  rendered  acrid,  made  volatile,  and  become  putrid  •,  in  that  date  being 
protruded  into  the  finer  veffels  of  the  brain,  will  occafion  violent  commotions 
therein,  nor  be  eafily  expelled  the  blood  ;  that  the  faline  part  of  the  fluids 
will  be  fo  changed  as  to  lofe  its  natural  unfitnefs  for  motion  ;  whence  it  now 
hurries  almoft  fpontaneoufly  from  place  to  place,  and  of  mild  and  faponaceous, 
which  it  was  before,  becomes  acrid,  biting  and  fiery,  called  alcaiine.  Thus  at 
the  fame  time,  a  chemift  will  both  colled  the  true  meaning  of  this  fign,  and  ex¬ 
hibit  its  general  ufe.  The  ancients  were  alfo  ufed  to  learn  the  internal  difpofi- 
tion  of  the  body,  and  the  fecret  nature  of  difeafes,  from  infpeding  the  urine. 
And  the  modern  phyficians  are  forced  to  do  the  fame  •,  tho’  to  little  purpofe. 
But  if  a  phyfician  fkilled  in  chemiftry  examine  the  urine,  according  to  the  rules 
of  his  art,  he  will  difcover  a  multitude  of  very  ufeful  things  by  it.  Its  quan¬ 
tity,  colour,  tafte,  contents,  fediment,  the  matter  fwimming  in  it,  and  the  froth 
will  fhew  the  nature  of  the  urine,  and  of  the  fait,  oil,  and  earth  therein  con¬ 
tained,  and  confequently  in  the  blood.  Thus  he  will  difcover  the  fecret  disor¬ 
ders  of  the  humours,  and  foretel  the  good  or  bad  events  fhortly  to  arife  from 
both ;  and  hence  govern  the  prefent  fymptoms,  and  provide  againft  future  ones, 
that  life  may  not  be  endangered  thereby.  In  effedl,  none  but  a  fkilful  chemift 
is  able  to  judge  accurately  of  the  nature  of  the  fpittle,  fweat,  pus,  ichor,  or 
ftools,  by  the  figns  difcoverabie  therein.  Not  that  a  bare  fkill  in  his  own  art 
will  qualify  him  for  this  j  but  if  he  be  at  the  fame  time  intimately  vers’d  both 
in  phyfic  and  chemiftry,  by  the  joint  ufe  and  affiftance  of  the  two,  he  will  be 
able  to  difcover  things,  which  neither  of  them  fingly  could  have  furniffied  him 
with.  All  thefe  particulars,  it  were  to  be  wiffied,  thofe,  among  the  phyficians, 
who  are  chemift -haters,  would  ferioully  confider.  It  would  hinder  them 
from  raflily  contemning  an  art  whofe  office  may  be  of  fervice,  but  never  hurt¬ 
ful.  I  own  that  fome  chemifts,  unacquainted  with  phyfic,  have  done  much 
mifchief  upon  their  medling  in  practice  ;  but  this  is  the  fault  of  the  men,  not 
of  the  fcience. 

Dietetics .  5.  Again,  no  juft  rules  for  the  diet  of  healthful  perfons  can  be  laid  down, 

unlefs  the  phyfician  knows  what  kind  of  corruption  the  meat  and  drink  will 
be  changed  into,  by  the  particular  degree  of  motion  arifing-  from  the  exercife 
which  the  patient  ufes,  or  from  his  peculiar  temperature  of  body.  Hufband- 
men,  porters,  and  the  like,  who  inure  their  limbs  to  hard  labour,  find  that 
fiffi  and  fiefh,  when  freffi,  and  not  thoroughly  falted,  quickly  putrefy  in  their 
bodies  by  the  too  vehement  attrition  thereof:  whereas  four  brown  bread, 
frumentaceous  food  and  milk,  or  fiffi  and  fleffi  dried  in  the  air,  or  fmoaked, 
and  well  pickled  with  fait  or  vinegar,  alfo  water  or  fourifh  fmall-beer  for 
drink,  are  advantageous  ;  in  regard  the  motion  of  the  bile  being  here  too  great, 
tends  as  well  as  the  whole  mafs  of  blood  to  putrefaction :  to  prevent  which, 
fuch  foods  are  to  be  chofen,  as  by  their  fournefs,  faltnefs,  and  hardnefs,  are 
the  mod  remote  from  putrefa&ion.  But  fuch  as  devote  themfelves  to  a  ftu- 
dious  life,  and  fpend  their  time  and  fpirits  in  a  clofe  application  to  books  ;  for 
want  of  the  due  motion  and  exercife,  necefiary  to  ftrengthen  their  bodies, 
muft  ufe,  for  their  diet,  fuch  things  as  are  of  eafy  digeftion,  and  approach  as 

much 
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much  as  may  be  to  the  nature  of  the  juices  of  the  human  body  :  for  inftance,  the 
more  tender  kinds  of  flefh,  fifh,  and  eggs,  frefh,  and  little  falted,  which 
chemiftry  here  fhews  to  be  proper.  Chemiftry,  in  fine,  is  the  fcience  which 
of  all  others  beft  explains  what  relates  to  meat  and  drink,  their  matter,  feafon- 
ing,  and  drefling  •,  to  motion,  fleep,  promoting  of  excretions,  and  the  paflions 
of  the  mind,  and  direfts  all  thefe  to  the  purpofes  of  health. 

6.  If  we  now  turn  our  eyes  to  the  cure  of  difeafes,  we  fhall  find,  both  that 
the  diet  fuitable  for  the  fiek,  and  moft  of  the  remedies  neceflary,  either  for  fup- 
porting  or  recovering  loft  health,  viz.  fuch  as  will  either  correct  or  expel  pec¬ 
cant  humors,  and  make  the  pungent  more  mild,  muft  be  chiefly  furnifhed  from 
thofe  means  and  inftruments  which  chemiftry  beft  explains,  digefts  in  proper 
order,  and  fits  for  the  neceflary  ufes. 

7.  Some  perhaps  may  think  it  abfurd  if  I  fay  that  chemiftry  gives  us  an 
exadt  knowledge  of  all  the  ways  whereby,  from  the  figns  obfervable  in  the 
flck,  we  know  whether,  and  by  what  means  any  thing  is  to  be  done  to  fave 
and  recover  the  patient,  and  remove,  or  correct  the  caufe  of  the  difeafe,  and 
the  difeafe  it  felf.  But,  for  further  information  on  this  head,  I  refer  to 
what  I  have  formerly  publifhed  concerning  the  Methodus  Medendi  for  the  ufe 
of  young  phyficians. 

8.  The  truth  of  what  we  have  afTerted  may  be  confirmed  by  the  authority 
of  the  great  Lord  Bacon ,  who,  from  abundant  experiments,  every  where  re¬ 
commends  chemiftry  as  neceflary  in  all  the  parts  of  phyfic  ;  not  to  mention 
Mr.  Boyle,  who  in  his  elaborate  pieces,  of  the  Sceptical  Chemifi ,  improved 
with  additions  and  illuftrations  by  himfelf  •,  of  unexpected  failure  of  experi¬ 
ments-,  of  fpecific  remedies -,  of  the  hijlory  of  human  blood-,  the  ufefulnefs  of 
experimental  philofophy  the  mechanical  production  of  qualities  -,  and  in  many  of 
his  other  writings,  actually  demonftrates  the  great  ufe  of  chemiftry  in  every  part 
of  phyfic.  If  any  others  need  be  alledged  after  thefe,  confult  the  Englifh  Phi- 
lofophical  Tranfacftions,  and  the  Memoirs  of  the  French  Academy  of  Sciences  ; 
where  you  will  fee  with  what  induftry  and  emulation  the  philofophers  of  the 
prefent  age  have  cultivated  chemiftry,  with  a  view  to  the  improvement  of 
phyfic:  and  the  Ephemerides  of  the  German  academifts,  every  where  afford 
us  the  nobleft  proofs  of  the  fame.  ’Tis  indeed  to  be  lamented  that  the 
phyficians  beft  inftrudled  both  with  learning  and  experience,  are  feldom 
deeply  vers’d  in  chemiftry  ;  and  again,  that  the  moft  intelligent  chemifts  have 
frequently  fcarce  known  any  thing  of  phyfic,  to  the  apparent  detriment  of 
both  thofe  Arts.  Jo .  Bohnius  and  Fred.  Hoffman ,  it  muft  be  allowed,  are 
perfectly  vers’d  in  both  •,  and  excel  the  reft.  I  do  not  rank  Francis  de  le 
Boe  Sylvius ,  and  Otto  Tachenius ,  with  them,  by  reafon  their  too  great  fond- 
nefs  and  attachment  to  chemiftry  led  them  to  confider  it  rather  as  the  miftrefs 
than  the  fervant  of  phyfic..  Such  matters  as  chemiftry  affords,  applicable 
without  danger  to  the  ufes  of  phyfic,  1  have  formerly  colle&ed,  and  inferted 
in  their  proper  places,  in  a  treatife  de  cognofcendis  &  curandis  morbis,  and  in  an¬ 
other,  de  Materia  Medica ,  publifhed  fince  (j). 

,  Ufefulnefs 

(s)  The  general  ignorance  of  the  ancient  a  perfuafion,  that  chemiftry  was  of  no  fignifi* 
phyficians  in  the  chemical  part  of  their  pro-  cance  therein  :  as  if,  becaufe  neither  Hippo- 
feilion,  led  fome  of  their  modern  admirers  into  crates,  nor  Galen,  ever  faw  a  diitill’d  fpirit, 
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Ufefulnefs  of  Chemijlry  in  the  Mechanical  -Arts . 


i.np  HOSE  arts  are  vulgarly  call’d  mechanical,  which  are  performed  by 
f  the  labour  of  the  hands  ;  being  very  different  from  that  mechanics, 
which  lays  down  the  powers  of  bodies,  arifing  from  the  common  properties  of 
all  bodies,  which  geometricians  explain.  Chemiftry  is  of  no  fervice  to  this 
latter  *,  but  is  of  fingular  advantage  to  the  former,  which  are  employ’d  in 
working  upon,  and  making  changes  in  bodies  (t), 

2.  Painting  is  an  art  that  imitates  and  expreffes  fenfible  bodies  by  lively  co¬ 
lours  •,  and  has  always  been  held  in  the  higheft  efteem  (u).  There  are  many 
arts  which  contribute  their  fhare  towards  the  improvement  of  painting  :  but  for 
that  part  which  relates  to  the  colours,  their  beauty  and  durablenefs,  chemiftry 
muft  be  allow’d  the  preference,  as  may  be  fhewn  in  few  words.  The  cele¬ 
brated  blue,  called  Ultramarine ,  which  has  the  advantages  of  being  beautiful 
to  the  eye,  yet  altogether  unchangeable,  is  prepared  by  a  chemical  procefs 
from  Lapis  Lazuli:  and  that  other  common  blue,  called  fmalt,  is  the  produce 
of  the  fame  art  (x). 


all  fuch  fpirits  muft  be  trifles.  The  firft  ap¬ 
plication  of  chemiftry  to  the  purpofes  of  me¬ 
dicine,  we  have  already  traced  out  in  the  hi- 
ftories  of  Bajil  Valentine ,  Paracelfus,  and  Hel- 
mont. 

In  the  days  of  Helmont,  this  kind  of  know¬ 
ledge  had  gain’d  conftderable  ground ;  and 
two  men  of  eminence.  Sir  Theodore  Mayern, 
and  Shier  cetan,  profefied  it  publickly  at  Paris  ; 
tho’  they  were  ftrenuoufly  oppofed  therein 
by  the  faculty,  who  commiflioned  one  of  their 
members  to  write  an  apology  for  Hippocrates 
and  Galen ,  againft  the  innovators :  but  thefe 
ftill  proving  obftinate,  were  in  the  year  1603, 
publickly  cenfured,  condemned,  and  ejefted, 
together  with  their  writings,  and  their  art, 
by  the  confent  of  the  whole  college.  This 
rafti  procedure  only  the  more  excited  the  che- 
mifts  to  write  and  divulge  their  experiments, 
and  made  their  doftrine  more  inquired  after  : 
upon  which,  the  phyficians  of  Europe  divided 
into  lefts  under  the  names  of  Galenijis  and  Che- 
mijls.  Many  a  learned  pen  was  now  drawn 
in  defence  of  the  ancients ;  and  many  an  one 
to  recommend  the  new-found  art.  In  the 
mean  time,  frefh  difeoveries  in  chemiftry  were 
daily  made,  and  the  number  of  its  admirers 
increafed  ;  fo  that  the  Galenijis  themfelves 
were  at  length  prevailed  upon  fecretly  to  try 
the  effefts  of  chemical  medicines :  which  gave 
tiem  to  fee,  that  chemifiry  was  not,  as  they 
imagined,  to  be  rafhly  condemned  by  the 
lump.  And  this  at  length  ended  in  a  friendly 
union  of  the  two  pharmacies.  Galenical  and 
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Chemical }  which  muft  be  allowed  a  happy 
coalition.  The  juft  compiling  of  difpenfa- 
tories,  and  the  art  of  extemporaneous  preferip- 
tions,  depend  upon  a  knowledge  of  chemiftry 
and  to  the  want  of  this  are  owing  thofe  errors 
fo  frequently  com  milted  by  difpenfacory-wri- 
ters,  in  ordering  the  (landing  medicines  of  the 
fhops. 

(t)  “  The  ancients,”  fays  Sir  If.  Newton , 
“  made  two  kinds  of  mechanics :  rational, 
“  which  proceeds  by  demonftration  ;  and 
“  practical,  to  which  beMng  the  manual  arts, 
“  whence  the  name  mechanics  was  originally 
“  taken.  But  in  regard  artificers  ufually 
“  work  inaccurately,  by  this  means  mecha- 
“  nics  have  come  to  be  diftinguilhed  from 
“  geometry  ;  fo  that  whatever  is  accurately 
“  done,  is  referred  to  geometry,  and  the  reft, 
“  lefs  accurately  performed,  to  mechanics. 
•“  Yet  does  not  the  difference  lie  in  the  thing, 
“  but  wholly  in  the  men.  He  that  works  in- 
“  accurately,  is  an  imperfeft  mechanic ;  and 
“  he  muft  be  allowed  the  belt  of  all  mecha- 
“  nics  who  works  the  moft  accurately  of  all. 
“  In  effeft,  mechanics,  or  the  mechanic  arts, 
“  are,  as  it  were,  the  bafts  of  geometry  ;  the 
“  drawing  of  right  lines  and  circles,  which 
“  geometry  is  to  confider,  being  wholly  me* 
“  chanical  *. 

(?/)  See  Junius  in  his  elaborate  work  de  pic* 
tura  veterum. 

(#)  See  Ant.  Neri.' Lib. 7.  11 5 .  and  Merredi. 
notes  upon  the  lame. 


*  Irf.  ad  Phil,  Nat ,  Princ,  Math , 
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3.  There  is  nothing  more  earneftly  defired  by  the  beft  painters  than  a  beau¬ 
tiful  green,  which  will  keep  its  brightnefs  long  in  perfection.  Now  the  noble 
Ultramarine  blue,  not  inferior  in  value  to  gold  it  felf,  being  mix’d  with  a 
yellow,  eftetftually  anfwers  this  purpofe :  fo  that  without  chemiftry,  painting 
would  want  two  of  its  beft  colours.  The  colours  called  lacca’s,  are  prepared 
by  a  chemical  coition  and  precipitation :  and  how  much  of  their  beauty  do 
pictures  owe  to  the  brightnefs  and  clearnefs  of  thefe  colours  ?  I  pafs  over 
cinnabar  (jy),  orpiment,  ochre,  and  others  ;  nor  fhall  I  mention  that  a  beau¬ 
tiful  black  colour  is  made  ufe  of  by  painters,  from  bones  burnt  in  a  clofe 
veflel. 

4.  Chemiftry,  ’tis  certain,  is  an  art  very  foreign  to  painting  ;  yet  the  latter 
without  the  former  would  want  its  chief  ornaments  :  a  chemift  may  eafily  do 
without  painting,  but  a  painter  fcarce  at  all  without  chemiftry. 

5.  The  chemifts  have  alfo  found  a  method  of  painting  on  gold,  and  other  EnamAUrg. 
metals  ;  or  of  covering  it  with  the  brighteft  and  moft  beautiful  colours,  com- 

pofed  chiefly  of  a  metalline  and  glafly  matter,  with  a  moft  penetrating,  fix’d, 
alcaline  fait.  Thefe  Colours,  called  enamels,  Encaufla ,  Amaufa ,  Efmaillades , 
and  fmalts,  by  their  great  vivacity  ftrike  the  eye  with  Angular  pleafure  ;  nor 
are  liable  to  fade  in  any  length  of  time.  It  will  here  be  worth  while  to  turn 
to  the  above-mentioned  Neri  (z) ;  but  more  efpecially  to  IfaacHollandus ,  who 
gives  us  many  excellent  things  concerning  this  noble  art ;  which  may  vie  with 
all  the  teflellated  pieces  of  antiquity.  ’Tis  certain,  the  fine  necklaces  and  0- 
ther  jewels  wore  by  ladies,  by  way  of  ornament,  owe  much  of  their  luftre  to 
this  art  {a). 

A  a  2  6. 


( y )  Cinnabar.  See  what  we  have  already 
obferved  hereof,  in  the  notes. 

Vermillion ,  the  ancient  minium,  is  pre¬ 
pared  of  native  cinnabar,  by  grinding  it  up 
with  fpirit  of  wine,  and  urine,  and  then 
drying  it. 

(z)  See  his  whole  fixth  book. 

( a)  The  enamels  or  colours  ufed  in  this 
art,  have  for  their  bafis  a  pure  cryftal  glafs 
or  frit,  ground  up  with  a  fine  calx  of  lead  and 
tin  prepared  for  the  purpofe  ;  with  the  addi¬ 
tion,  ufually,  of  white  fait  of  tartar.  Thefe 
ingredients  baked  together,  are  the  matter  of 
all  enamels  j  which  are  made  by  adding  co¬ 
lours  of  this,  or  that  kind,  in  powder,  to  this 
matter,  and  melting  or  incorporating  them 
together  in  a  furnace:  when  melted,  they  are 
call  into  water ;  and  when  dry,  melted  over 
again,  and  the  colour  rais’d,  or  taken  down 
at  difcretion.  For  'white  enamel ,  Neri  dircfls 
only  manganefe  to  be  added  to  the  matter. 
For  azure ,  zaffer  mix’d  with  calx  of  brafs. 
For  green,  calx  of  brafs,  with  fcales  of  iron, 
or  with  crocus  mar  tis.  F or  black,  zaffer,  with 
manganefe,  or  with  crocus  martis  ;  or  manga¬ 
nefe  with  tartar.  For  red,  manganefe,  or 
calx  of  copper  and  red  tartar.  For  purple. 


manganefe  with  calx  of  brafs.  For  yellow, 
tartar  and  manganefe  *. 

Enamelling,  to  appear  in  perfedtion,  fliould 
only  be  pradtifed  on  plates  of  gold  ;  the  o- 
ther  metals  being  lefs  pure :  copper,  for  in- 
ftance,  fcales  with  the  application,  and  yields 
fumes  ;  and  filver  turns  the  yellows  white. 
Nor  mud  the  plate  be  made  flat ;  for  in  fuch 
cafe  the  enamel  crackles :  to  avoid  which, 
they  ufually  forge  them  either  a  little  round, 
or  oval )  and  not  too  thick. 

The  plate  being  well  and  evenly  forg’d, 
they  ufually  begin  the  operation  by  laying  on 
a  couch  of  white  enamel,  on  both  Tides,  which 
prevents  the  metal  from  fwelling  or  bliftering  : 
and  this  firft  lay  ferves  for  the  ground  of  all 
the  other  colours. 

On  the  plate,  thus  enamelled  with  white, 
they  trace  the  defign  to  be  painted  ;  touch¬ 
ing  and  finilhing  it  up  with  fome  other  co¬ 
lour.  This  done,  the  plate  is  fet  in  a  rever- 
batory  furnace,  to  fix  the  colour  ;  and  the  o- 
ther  colours  are  applied  in  like  manner  in  their 
turns.  The  white  colour  of  the  ground  ferves 
for  the  lights,  and  is  therefore  fpared  in  all 
the  places  where  fuch  heightnings  are  re¬ 
quired  T 


*  De  Arte  Vitrar,  f  Felibien,  Princ.  de  V  Architect,  de  la  Sculpt.  Sec. 
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Staining  of  6.  There  is  alfo  a  third  kind  of  painting,  which  reprefents  things  on  glafs  in 
gmfs.  the  mod  beautiful  yet  tranfparent  colours  :  the  wonders  of  this  art  we  fee  in 

great  perfection  in  the  windows  of  a  church  at  Gauda  in  Holland  \  which  no 
modern  performance  can  come  up  to.  By  means  of  this  art  they  lay  colours 
on  the  furface  of  glafs,  which  being  baked  by  force  of  fire,  their  former  luftre 
improved,  and  their  fubftance  diffufed  to  a  perfect  tranfparency,  penetrates 
the  body  of  the  glafs,  yet  without  pafiing  a  hair’s  breadth  beyond  their  aftigned 
limits,  or  blending  with  the  adjacent  ones.  I  fcarce  know  of  any  thing  more 
curious  and  beautiful,  or  that  contributes  more  to  the  ornament  of  churches, 
halls,  and  other  buildings.  The  recovery  of  this  art,  now  almoft  loft,  is 
hardly  to  be  expe&ed,  except  from  fome  chemift  who  ftiould  apply  the  dis¬ 
coveries  of  his  art  to  this  ufe  (b). 


(b)  The  colours  ufed  in  Raining  or  painting 
on  glafs,  are  all  of  the  metalline,  or  mineral 
kind,  and  not  procured  without  chemical  ope¬ 
rations,  and  many  of  them  painful  ones  too  : 
black,  according  to  Felibien,  is  made  of  fcales 
of  iron,  ground  with  glafs  beads  :  white,  with 
'fand,  calcined,  pounded,  mixed  with  falt- 
petre,  and  the  mixture  recalcined,  repulveriz’d, 
&c.  Yellow  is  leaf-filver,  ground,  and  mix’d 
in  a  crucible,  with  fulphur  or  falt-petre ; 
ground  a  fecond  time  and  mix’d  with  oker. 
Red  is  made  of  litharge  of  filver,  and  fcales  of 
iron,  gum-arabic,  glafs-beads,  blood-llone. 
If  c.  Green,  of  as  ujlum,  black  lead  and 
fand  calcined,  and  incorporated ;  then  falt- 
petre  added ;  then  calcined  a  fecond  time, 
and  a  third  time  yet  ere  it  be  ufed.  Blue, 
purple  and  <violet,  are  prepared  like  green, 
only  leaving  out  the  as  ujlum,  and  in  lieu 
thereof  uiing  fulphur,  for  Iky-blue  ;  perigueux, 
for  purple  ;  and  both  for  violet.  We  muft 
add,  however,  that  thefe  colours  are  not  uni- 
verfal  ;  moil  painters  on  glafs  having  their 
particular  ones,  which  they  keep  fecrets. 

Method  of fiaining  or  painting  on  glafs. 

To  paint  on  glafs,  they  lirft  defign  their  fub- 
jett  on  paper ;  then  make  choice  of  pieces  of 
glafs,  proper  to  receive  the  feveral  parts  } 
and  thus  proceed  to  diftribute  the  deiign  on 
the  paper  it  felf  into  pieces  fuitable  to  thofe 
of  the  glafs :  contriving,  that  the  glaffes  may 
join  in  the  outlines  of  the  figures,  and  the  folds 
of  the  draperies  ;  that  fo  the  carnations,  and 
other  finer  parts  may  not  be  damaged  by  the 
lead,  in  joining  the  pieces  together. 

The  diftribntion  made,  they  mark  all  the 
glafles,  as  well  as  the  papers,  with  letters,  or 
numbers,  that  they  may  be  known  again 
Which  done,  applying  each  part  of  the  de¬ 
fign  on  the  glafs  intended  for  it,  they  copy, 
or  transfer  the  fame  upon  the  glafs,  with  the 
black  colour  diluted  in  gum-water,  by  tracing 
and  following  all  the  lines  and  ftrokes  as  they 


appear  thro’  the  glafs,  with  the  point  of  a 
pencil. 

When  the  firft  ftrokes  are  well  dried,  which 
happens  in.  about  two  days,  if  the  work  be 
only  in  black  and  white,  they  give  it  a  flight 
vvafh  over  with  urine,  gum-arabic,  and  a  little 
black  ;  and  this  feveral  times  repeated,  ac 
cording  as  the  fhades  are  defired  to  be  heigh¬ 
tened  :  with  this  circumftance,  never  to  ap¬ 
ply  a  new.  lay  till  the  former  is  fufficiently 
dried.  This  done,,  the  lights  and  rifings  are 
given  by  rubbing  off  the  colour  in  thofe  places 
with  a  wooden  point,  or  the  handle  of  the 
pencil. 

As  to  the  other  colours  above  mentioned,, 
they  are  ufed  with  gum-water,  much  as  in 
painting  in  miniature  ;  taking  care  to  apply 
them  lightly,  for  fear  of  effacing  the  outlines 
of  the  defign  ;  or  even  for  the  greater  fecu- 
rity,  to  apply  them  on  the  other  fide:  efpe- 
dally  the  yellow,  which  is  very  pernicious 
to  the  other  colours,  by  blending  therewith. 

And  here  too,  as  in  pieces  of  black  and 
white,  particular  regard  muft  be  had,  not  to 
lay  colour  upon  colour,  or  lay  on  lay,  till 
fuch  time  as  the  former  are  well  dried.  It 
may  be  added,  that  yellow  is  the  only  co¬ 
lour  that  penetrates  the  glafs,  and  incorpo¬ 
rates  therewith  by  the  fire  :  the  reft,  and  par¬ 
ticularly  the  blue,  which  is  very  difficult  to 
ufe,  remaining  on  the  furface, .  or  at  leaf!  en¬ 
tering  very  little. 

When  the  painting  of  all  the  pieces  is  fi- 
nifhed,  they  are  carried  to  the  furnace  to  an¬ 
neal,  or  bake,  and  fix  the  colours  thereon. 
This  furnace  is  fmall,  and  built  of  brick  ;  a 
little  above  the  bottom,  is  an  aperture  to  put 
in  fewel,  over  which  is  a  grate,  which  traverfes 
the  furnace,  and  divides  it  into  two  parts  ; 
above  this  is  an  aperture,  thro’  which  to  take 
out  pieces,  and  examine  how  the  codtion  goes  -, 
forward. 

On  the  grate  is  a  fquare  earthen  pan,  on  one- 

fide. 
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7.  Somewhat  akin  to  painting  is  the  art  of  dying,  which  gives  the  Dying. 
moft  beautiful  colours  to  filk,  cotton,  linen,  and  woollen ;  and  thus  af¬ 
fords  us  garments,  hangings,  flags,  and  the  like.  This  art  depends  chiefly 
on  three  things  *,  viz.  1.  Difpoflng  the  furface  of  the  fluffs  to  receive  and 
retain  the  colours  ;  which  is  performed  by  wafhing  them  in  different  lyes, 
digefting,  beating  them,  (Ac.  in  which  human  urine  putrefied,  a  (harp 
fait  of  afhes,  divers  foaps,  and  gall  of  animals,  are  of  principal  ufe ;  by 
means  whereof  the  vifcous  Gluten  of  the  filk- worms,  naturally  adhering  to 
their  threads,  is  wafhed  and  cleanfed  from  them  ;  and  thus  they  become 
fitted  to  imbibe  the  colours.  By  thefe  alfo  the  greafy  foulnefs  adhering  to 
wool  and  flax,  are  fcowred  off.  In  every  article  of  which,  the  ufe  of  che- 
mlftry  is  fufhciently  confpicuous. — The  2d  is,  fo  to  grind  the  colours,  as  that 
they  may  enter  the  body  duly  prepared,  and  preferve  their  brightnefs  undi- 
minifhed  •,  in  which  chemiftry  is  known  to  be  of  Angular  importance,  as  ap¬ 
pears  from  the  manner  of  dying  fcarlet,  difcovered  by  Cornelius  Drebbel ,  citi¬ 
zen  of  Alcmaar  ;  a  man  of  great  honour  and  veracity,  perfectly  skilled  in  all' 
the  fecrets  of  chemiftry,  (which  recommended  him  to  the  king  of  England,) 
and  enumerated  among  the  adepts  of  thofe  times.  Among  other  of  his  wri¬ 
tings,  he  left  an  account  of  an  experiment  concerning  the  method  of  dying 
wool  with  a  bright  flame-colour  •,  which  method  his  lon-in-law,  Kufflhaar ,, 
afterwards  putting  in  practice,  raifed  an  immenfe  fortune  by  it.  Spirit  of  nitre 
is  found  to  heighten  and  improve  the  rich  colour  of  cochineal,  into  the  bright¬ 
nefs  of  burning  fire  ;  but  then  its  acrimony  corrodes  and  damages  the  wool, 
which  is  prevented  by  dulcifying  it  with  tin  ;  after  which  it  neither  hurts 
wool,  nor  filk,  yet  retains  all  its  brightnefs. — The  3d  confifts  in  having  beau¬ 
tiful  colours  ;  wherein  the  ufe  of  chemiftry  is  obvious.  I  once  fiiew’d  fome 
colours,  which  I  had  prepared  from  folutions  of  copper,  to  fome  skilful  mafter- 
dyers,  who  were  furprized  with  the  beauty  of  them,  and  would  have  given 
any  money  to  have  been  able  to  give  colours  of  fuch  brightnefs  to  their  fluffs, 

(Ac.  and  no  wonder,  fince  the  blue,  violet,  and  green  of  copper,  which  may 
be  rais’d,  or  weakened  at  pleafure,  affords  fo  agreeable  a  variety,  that  a  per- 


fide  whereof  is  a  little  aperture,  thro’  which 
to  make  the  trials,  placed  dire&ly  oppofite 
to  that  in  the  furnace  deftined  for  the  fame 
end. 

In  this  pan  are  the  pieces  of  glafs  placed  in 
the  following  manner  :  firfl>,  the  bottom  is 
covered  with  three  ftrata  of  plaifter,  or  beaten 
lime,  feparated  from  'each  other,  by  two  o- 
thers,  of  broken  glafs ;  ferving  to  fecure  the 
painted  glafs  from  the  too  intenfe  heat  of 
the  fire.  The  glafles  are  laid  horizontally 
on  the  uppermolt  layer  of  this  plailter  or' 
lime. 

This  firfc  row  of  glafles  they  cover  with  a 
lay  of  the  fame  powder,  an  inch  deep  ;  and 
over  this  lay  another  range  of  glafles :  and 
thus  alternately  till  the  pan  is  quite  full. 

The  pan  thus  prepared,  they  cover  up  the 
furnace  with  tiles,  or  a  Square  table  of  earth 
dofely  luted  all  round  •,  only  leaving  five  little 


apertures,  one  at  each  corner,  and  another  in 
the  middle,  to  ferve  as  chimneys. 

Things  thus  difpofed,  there  remains  no¬ 
thing  but  to  give  fire  to  the  work  :  the  fire 
for  the  two  fir  it  hours  muft  be  very  moderate, 
to  be  increafed  in  proportion  as  the  coftion 
advances,  for  the  fpace  of  ten  or  twelve  hours, 
in  which  time  it  is  ufually  compleated.  At 
lalt,  the  fire,  which  at  firit  was  only  of  char¬ 
coal,  is  made  of  dry  wood  j  fo  that  the  flame 
covers  the  whole  pan,  and  even  ifl’ues  out  at. 
the  chimneys. 

During  the  lafl:  hours,  they  make  eflays 
from  time  to  time,  by  taking  out  pieces  thro’, 
the  little  aperture  of  the  furnace,  to  fee  whe¬ 
ther  the  yellow  be  perfeft,  and  the  other  co-. 
lours  in  good  order.  When  the  annealing  is, 
thought  lufficient,  they  proceed  haflily  to  ex- 
tinguiih  the  fire,  which  othcrwife  would  fo pn 
burn  the  colows,  and  break  the  glafles. . 
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fon  who  could  die  woollen,  filken,  linen  or  cotton  cloaths  therewith,  would 
gain  an  immenfeeftate. 

Art  of  glafs.  8.  The  art  of  glafs  is  one  of  the  moft  ufeful  to  mankind  :  by  this,  together 

with  the  grinder’s  help,  we  obviate  the  natural  infirmities  of  the  eyes ;  without 
this  old  men  would  be  debarred  the  ufe  of  letters  ;  to  this  alone  we  owe  that 
we  are  able  to  fit  within  doors,  or  in  a  coach,  or  fhip,  and  fee  all  things 
clearly  around  ;  yet  without  being  expofed  either  to  the  fcorching  heat,  or 
freezing  cold,  or  being  annoyed  with  the  daft,  ingrefs  of  extraneous  filth,  or 
difturbed  by  the  wind.  Pure  glafs  will  fcarce  receive  any  ftain  *,  or,  if  it  do, 
is  quickly  cleanfed  again  :  it  preferves  bodies  repofited  in  it  without  changing 
them,  or  being  changed  by  them  ;  and  if  the  glafs  be  perfe&ly  clos’d  on  all 
fides,  they  will  remain  incorruptible  and  immutable.  Glafs  is  proof  againft 
all  corrofives  ;  and  eludes  even  the  alcaheft,  if  ever  there  was  fuch  a  thing  ; 
confining  it  within  its  body,  whilft  others  are  diffolved  by  it  into  pure  water. 

-It  is  a  principal  inftrument  in  chemiftry  ;  and  were  it  not  for  its  being  common 
would  be  priz’d  above  all  metals.  - 

9.  It  is  of  ancient  origin,  being  firft  cultivated  in  Egypt ,  rendered  malleable 
in  the  age  of  ‘Tiberius ,  and  in  our  days  is  made  to  the  greateft  perfection  in  the 
ifland  o tMorrana  at  Venice^  and  in  Great  Britain  (c). 

10. 


(f)  Neri  traces  the  antiquity  of  glafs  as  far 
back  as  the  time  of  Job  :  that  writer,  fpeak- 
ing  of  the  value  of  wifdorn,  c.  28.  v.  17.  fays, 
that  gold  and  glafs  are  not  to  be  equall’d  to  it : 
io,  at  leak,  our  verlion  has  it,  after  the  Sep- 
tuagint ,  Vulgate,  the  Syriac,  St.  Jerom,  Sec. 
But  in  other  tranflacions,  as  well  as  in  the  o- 
riginal  Hebrew,  the  word  glafs  is  not  feen  : 
inllead  thereof,  the  Chaldee  ufes  cryftal  ;  the 
Arabic,  jacinth  ;  the  Italian,  Spanijh,  French, 
Dutch,  a  diamond  ;  the  Ihargum,  a  looking- 
glafs  j  Pagninus ,  a  precious  Hone  ;  Vatable, 
a  beryl,  &c.  The  reafon  of  all  this  diverfity 
arifes  hence,  that  the  original  word  Zechu - 
chich  comes  from  the  root  Zacac,  which  fig- 
nifies  to  purify,  cleanfe,  fhine,  be  white,  or 
'tranfparent ;  whence  the  fame  word  is  ap¬ 
plied  to  frankincenfe,  Exod.  30.  34  where 
'the  Septuagint  renders  it  pellucid  :  fo  that  the 
word  may  equally  fignify  any  thing  beautiful, 
and  tranfparent ;  and  is  by  no  means  pecu¬ 
liarly  appropriated  to  exprefs  what  we  now 
call  glafs  *. 

Pliny  relates,  that  “  glafs  was  firfi  difeo- 
“  vered  by  accident  in  Syria,  at  the  mouth  of 

the  river  Belus,  by  certain  merchants  driven 
“  thither  by  the  fortune  of  the  fea,  and  ob- 
“  liged  to  continue  there,  and  drefs  their  vic- 
"  tuals  by  making  a  fire  on  the  ground  ;  where 
“  there  being  great  flore  of  the  herb  kali,  that 
“  plant  burning  to  alhes,  its  falts  mixed  and 

*  Merret.  Obferv.  in  Anth .  Neri. 

J  Obfernj.  in  Anth.  Neri. 


“  incorporated  with  fand  or  Hones  fit  to  vi- 
“  trify  or  make  glafs  *f\” 

Dr.  Merret  will  have  glafs  as  ancient  as  ei¬ 
ther  pottery,  or  making  bricks ;  for  that  a 
kiln  of  bricks  can  fcarce  be  burnt,  or  a  batch 
of  pottery  be  made,  but  fome  of  the  bricks,  and 
the  ware,  will’ be  at  leafl  fuperficially  turn’d 
to  glafs  :  fo  that  it  mull  have  been  known  at 
the  building  of  Babel,  and  as  long  before  as 
that  art  was  ufed  ;  and  likewife  by  the  Egyp¬ 
tians,  among  whom  the  Ifraelites  were  many 
years  employ’d  in  making  bricks  £.  Of  this 
kind,  no  doubt,  was  that  foffil  glafs  men¬ 
tioned  by  Ferrant.  lmperat.  to  be  found  under 
ground  in  places  where  great  fires  had  been  ||. 

’Tis  controverted  among  raturaliils  to  what 
clafs  of  bodies  glafs  ought  to  be  referr’d  :  A- 
gricola,  Lib.  XII.  de  re  metall.  makes  it  a  con¬ 
crete  juice  :  Vin.  Belluacenfis,  Lib.  XI.  calls  it 
a  Hone ;  and  Fallopius  reckons  it  among  the 
media  miner  alia  or  femi-metals  :  but  Dr.  Merret 
obferves,  that  the  forementioned  are  all  na¬ 
tural  productions  ;  whereas  glafs  is  factitious, 
a  compound  made  by  art,  a  production  of  the 
fire,  and  never  found  in  the  earth.  To  ob¬ 
viate  this,  Fallopius  diHinguilhes  between  glafs 
contained  in  its  own  mine,  or  its  own  Hone  ; 
and  true  glafs  that  is  extracted  from  the  fame. 
Now,  the  latter,  fays  he,  is  no  more  artificial, 
than  a  metal  is,  extracted  from  its  mineral  : 
and  as  to  the  former,  he  urges,  that  as  metal, 

by 

-f  Hijl.  Nat.  lib.  36. 

f|  Lib.  25.  t.  7. 
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10.  The  choice  of  the  materials  whereof  it  is  made,  the  preparation  it  felf, 
the  proper  mixture,  codtion,  bringing  to  perfe&ion,  13  c.  are  all  owing  wholly 
to  chemifts. 

11.  Flint,  fand,  (tones,  afford  different  fpecies  of  glafs  ;  and  the  calces, 
according  to  the  different  manners  wherein  they  are  burnt  and  extinguifhed, 
produce  different  degrees  of  beauty  in  the  glafs.  So  the  afhes  of  plants  us’d 
herein,  alfo  vary  the  goodnefs  of  glafs.  A  fix’d  alcaline  fait,  (harp  and 
well  purified,  mixed  with  a  pure  calx  of  flints,  yields  a  glafs  clearer  than 
amber  it  felf.  It  muft  be  owned,  that  by  ufing  a  great  deal  of  fait  to  a  fmall 
quantity  of  flints,  the  glafs  becomes  very  clear  ;  but  is  weak  and  frail,  apt 
to  crack  by  fire  and  water,  and  by  age  grows  dull  •,  and  even  infe&s  liquors 
put  in  it,  and  fometimes  deftroys  them  utterly.  So  tea  remains  uncor¬ 
rupted  in  green  glals,  but  in  the  clear  kind  is  totally  fpoiled.  Hence,  for 

our 


by  having  its  exidence  in  the  ore,  fo  glafs  by 
having  it  in  the  Hone  out  of  which  it  is  educed, 
is  natural.  But  this  argumentation  Dr.  Merret 
overturns,  by  (hewing  that  glafs  is  never  found 
in  that  form  in  any  mine,  but  only  the  fand 
and  (lone  whereof  it  is  form’d  :  whereas  metals 
are  perfectly  form’d  by  nature  into  certain 
fpecies,  in  proper  veins,  tho’  frequently  in 
fuch  fmall  parcels,  that  they  lie  hid,  till  the 
fire  has  collected  them  together,  by  feparating 
from  them  the  other  matters  wherewith  they 
were  mix’d.  Accordingly,  fire  only  pro¬ 
duces  metals  by  its  faculty  of  feparating  hete¬ 
rogeneous,  and  congregating  homogeneous 
bodies  ;  whereas  it  produces  glafs  by  uniting, 
and  mixing  heterogeneous  matters,  to,  fait 
and  fand  into  one.  Fallopius,  indeed,  denies 
this,  and  pleads,  that  ’tis  falfe  to  fay  that 
glafs  is  at  all  made  of  afhes  :  the  afhes  are  only 
added  inflead  of  the  nitre,  ufed  among  the  an¬ 
cients,  the  better  to  extradl  the  glafs  out  of  the 
fubdance  of  the  flone :  but  this  is  eafily  re¬ 
futed  :  for  if  the  glafs  were  procured  from  the 
flone  alone,  the  weight  of  the  metal  muft  be 
lefs  than  that  of  the  Hones ;  whereas  in  reality 
it  far  furpaffes  it  j  i  oo  weight  of  fand  yielding 
above  150//^.  of  glafs.  Add,  that  the  falts 
made  ufe  of,  are  of  the  mod  fixed  kind  \  which 
therefore,  we  cannot  fuppofe  to  be  carried  off 
by  the  fire :  and  that  in  the  coarfer  glaffes, 
which  are  corroded  by  the  air,  one  may  dif- 
cern,  nay  pick  out  pieces  of  fait,  difcovering 
Vthemfelves  to  be  fuch  by  their  talle.  •' 

Dr.  Merret  gives  us  a  precife  and  accurate 
enumeration  of  the  feveral  charadlers,  or  pro¬ 
perties  of  glafs :  the  principal  whereof  are,, 
that  it  fiifes  in  a  vehement  fire  ;  when  fufed, 
is  tenacious,  -and  cleaves  to  iron;  does  not 
confume  or  wade  in  the  fire,  and  is  the  lad 
effeft  thereof ;  is  ductile  and  fafhionable  into 
any  form,  while  red-hot,  but  not  malleable  y 
friable  when  cold  ;  diaphanous  either  hot  or 
♦  , 


cold  ;  flexible  and  eladic  ;  difunited,  and 
broke  by  cold  and  moidure,  and  efpeciallv  by 
faline  liquors  ;  is  only  cut  by  a  diamond  or 
emery  ;  does  not  let  acid  juices,  or  any  other 
thing  extraft  either  colour,  tade,  or  any  0- 
ther  quality  from  it ;  does  not  wear  by  the 
longed  ufe ;  nor  will  any  liquor  make  it  mudy, 
change  its  colour,  or  rud ;  it  foftens  metals, 
and  renders  them  fufible ;  receives  all  metallic 
colours,  both  externally  and  internally  ;  will 
not  calcine  ;  may  be  cemented,  like  llones 
and  metals. 

Making  of  glafs. 

The  materials  whereof  giafs  is  made,  we 
have  already  hinted  to  be  fait  and  fand ,  or 
Hones.  The  fait  here  ufed,  is  procured  from  i 
a  fort  of  afhes  brought  from  the  Levant,  call’d 
polverine  or  rochetta  ;  which  afhes  are  thofe  of 
a  fort  of  water-plant,  called  kali,  of  the  fpe¬ 
cies  of  that  found  in  fome  parts  of  England \  , 
call’d  frog-grafs,  or  crab-grafs ;  cut  down  in 
fummer,  dried  in  the  fun  and  burnt  in  heaps, 
either  on  the  ground,  or  on  iron  grates ;  the 
afhes  falling  into  a  pit,  grow  into  a  hard  mafs 
or  done,  fit  for  ufe. 

To  ex  trad  the  faltythefe  allies,  or  pqlvcrine,  , 
are  powder’d,  and  fifted  ;  then  put  into  boil¬ 
ing  water,  and  there  kept  till  ^  of  the  water 
be  confirmed  ;  the  whole  being  flirred  up  from 
time  to  time,  that  the  afhes  may  incorporate 
with  the  fluid,  and  all  its  falts  oe  extrafled ; 
then  the  veflelis  filled  up  with  new  water,  and 
boiled  over  again,  till  \  be  confirmed  ;  what 
remains  is  a  fort  of  lee,  drongly  impregnated 
with  fait.  This  lee,  boiled  over  again  in  frefh 
coppers,  thickens,  and  in  about  24  hours 
(hoots  its  fait ;  which  is  to  be  laded  out,  as  it 
(hoots,  into  earthen  pans,  and  thence  into  > 
wooden  vats  to  drain  and  dry.  This  done,  it 
is  grofsly  pounded,  and  thus  put  in  a  fort  of 
oven,  call’d  calcar,  to  dry.  ic  may  be  added, 
that  there  are  other  plants  befide  kali  which 

yield  .1 
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-our  sLrt,  we  cliufe  a  green  durable  glafs  made  of  a  great  proportion  of  earth 
and  a  lefs  of  fait,  kept  long  in  fufion,  and  well  elaborated  by  a  ftrong  lading 
fire.  Confult  Anton .  Neri  de  arte  vitraria  j  the  excellent  Agricola  in  his 
book  of  metals  *,  Chrijiopber  Merret  in  his  obfervations  on  Neri ;  and  Jo. 
Kuhkely  who  at  the  expence  of  that  generous  prince,  the  ele&or  of  Branden- 
lourg ,  has  brought  the  art  of  glafs  to  its  higheft  perfe&ion,  in  a  comment 
on  Neri ,  Lipf  1 679.  4to.  and  more  efpecially  in  atreatife  of  artificial  gems 
annexed  thereto. 


yield  a  fait  fit  for  glafs,  e.  gr.  alga,  or  fea- 
vvrack,  the  common  way-thiftle,  bramble, 
hops,  wormwood,  woad,  tobacco,  fern,  and 
the  whole  leguminous  tribe,  as  peafe,  beans, 
&  c. 

The  fand ,  or  ftones ,  called  by  the  artifts 
Tarfo ,  'is  the  fecond  ingredient  in  glafs  ;  and 
'that  which  gives  it  the  body  and  firmnefs. 
Thefe  ftones,  Agricola  obferves,  mull  be  fuch 
as  will  fufe ;  and  of  thefe,  fuch  as  are  white 
and  tranfparent,  are  the  bell :  fo  that  cryftals 
challenge  the  precedency  of  all  others.  At 
Venice  they  chiefly  ufe  a  fort  of  pebble,  found 
in  the  river  Tefeno,  refembling  white  marble, 
and  called  Cuogolo:  indeed  Anto.  Neri  afl'ures 
us,  that  all  ftones  which  will  ftrike  fire  with 
;a  fteel,  are  fit  to  vitrify  :  but  Dr.  Merret 
fliews,  that  there  are  fomc  exceptions  from 
this  rule.  Flints  are  admirable,  and  when 
■calcined,  powdered,  and  fearced,  make  a  pure 
white  crylfalline  metal  ;  but  the  expence  of 
preparing  them,  makes  the  mailers  of  our 
glafs-houfes  fparing  of  their  ufe.  Where 
proper  ftones  cannot  be  fo  conveniently  had, 
fand  is  ufed  ;  which  is  to  be  white,  and  fmall, 
and  well  walhed  before  it  be  applied  :  fuch  is  u- 
fually  found  in  the  mouths  and  fides  of  rivers. 
Our  glafs-houfes  are  furniftied  with  a  fine  fand, 
for  cryflal,  from  Maidjione,  the  fame  with 
that  ufed  for  fand-boxes,  and  in  fcouring ; 
and  with  a  coarfer,  for  green  glafs,  from 
W ’jol'ixicb. 

For  cryfal  glafs,  to  200  lib. of  tarfo,  pounded 
fine,  they  put  1  30  of  fait  of polverine,  mix 
them  together,  and  put  them  into  the  calcar , 
a  fort  of  oven  or  reverberatory  furnace,  which 
is  firft  well  heated.  Here  they  remain,  bak- 
ing,  frying,  and  calcining  for  five  hours  ; 
during  which  the  workman  keeps  mixing 
them  with  a  rake,  to  make  them  incorporate  : 
when  taken  out,  the  mixture  is  called  frit  or 
lolli  to. 

Note,  there  are  three  kinds  of  frit :  that 
here  deferibed  is  cryftal  frit :  the  fecond,  or 
ordinary  frit,  for  the  common  white,  or  cry- 
ftalline  metal,  is  made  of  the  bare  allies  of 
polverine,  without  extracting  the  fait  fiom 
■them.  The  third,  for  green  glafs,  is  made  of 
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common  allies,  without  any  preparation,  and 
a  hard  fand  above  mentioned. 

It  may  be  further  obferved,  that  glafs 
might  be  made  by  immediately  melting  the 
materials,  without  thus  calcining,  and  making 
them  into  frit  ;  but  the  operation  would  be 
much  more  tedious. 

Now,  to  proceed  to  the  operation  of  making 
the  glafs  it  felf ;  they  take  of  this  frit,  and  fet 
it  in  melting-pots  in  the  working  furnace  ;  ad¬ 
ding,  in  each  pot,  a  proper  quantity  of  a 
blackilh  ftorte,  not  unlike  load-ftone,  and 
called  manganefe,  which  ferves  to  purge  off  that 
greenifh  call  natural  to  all  glafs,  and  to  make 
it  clearer,  and  more  azure.  While  the  whole 
is  in  fufion,  the  workman,  here  called  the  con- 
ciator,  in  the  green  glafs-houfes  the  founder , 
mixes  themetal  well  together,  with  his fquare  ; 
and  with  a  ladle  fkims  off  the  fand,  over  which 
is  a  whitifh  fait,  call’d  fandiver,  continually 
call  up  from  the  metal,  and  fwimming  on  its 
furface  ;  which  is  always  in  the  greater  quan¬ 
tity,  as  the  polverine  was  weaker  ;  and  which, 
unlefs  well  purg’d  off,  would  make  the  glafs 
brittle,  and  unfit  for  working. 

When  the  vitrefa&ion  is  compleated,  and 
the  metal  found  fufficiently  clear,  and  fine ; 
they  proceed  to  form  it  into  the  works  required  : 
in  order  to  this,  the  operator  dips  a  hollow  iron 
into  the  melting  pot,  turns  it  about,  and  takes 
out  enough  for  theveftcl  or  work  it  is  intended 
for  ;  the  metal  flicking  to  the  iron,  like fome 
glutinous  or  vifeid  juice.  While  ’tis  yet  red- 
hot,  he  rolls  it  to  and  fro  on  a  marble,  to  u- 
nite  its  parts  more  firmly  :  then  gently  blow¬ 
ing  into  the  iron,  he  raifes  or  fwells  the  metal, 
juft  as  in  blowing  into  a  bladder.  This  blow¬ 
ing  he  repeats  again  and  again,  till  he  has  at¬ 
tained  the  deftin’d  bulk  ;  then  whirling  it  a- 
bout  his  head,  he  lengthens,  and  cools  the 
glafs;  and,  if  the  defign  require  it,  moulds 
it  in  the  (tamp  irons,  and  flats  the  bottom,  by 
prefling  it  on  the  marble;  and  thus  delivers  it 
to  the  mafter  workman,  who  breaking  off  the 
collet,  by  which  it  adhered  to  the  blowing- 
iren,  proceeds,  as  occafion  requires,  to  fafhion 
it  further;  e.  gr.  if  it  be  for  a  drinking-glafs, 
with  his  ponteglo  he  flicks  the  glafs,  and  lcalds 

it; 
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The  Theory  of  Ch  e m r s  t r y. 

12.  There  is  another  fpecies  of  glafs  contriv’d  by  chemiftry,  which,  tho* 
ti'anfparent,  is  at  the  fame  time  adorned  with  a  beautiful  colour,  fo  as  al- 
moft  to  equal  the  brighteft  native  gems.  It  is  made  of  the  pureft  and  moft 
perfedt  glafs,  intimately  penetrated,  and  embodied  with  metals ;  which  thus 
communicate  to  it  a  durable  luftre  :  in  effedl,  there  is  fcarce  any  gem,  or  done, 
valuable  for  its  colour,  but  may  be  imitated  in  glafs  prepared  after  this  man¬ 
ner  (d).  If  the  art  of  glafs-making  fhould  once  arrive  at  fuch  a  perfe&ion,  as 

that 


it ;  with  his  pajfago  makes  the  bowl ;  with  his 
procello  widens  and  makes  it  hollower ;  then 
with  his  fheers  cuts  off  what  is  fuperfluous. 
Thus  with  blowing,  prefing,  fcalding,  (which 
are  to  be  repeated  as  oft  as  the  glafs  cools,) 
amplifying,  cutting,  &c.  the  work  is  brought 
to  the  form  intended ;  and,  if  need  be,  feet 
and  handles  are  fattened  on  ;  and  rigarines  and 
rnarblings  wrought. 

As  fail  as  the  matter  finifhes  them,  another 
takes  them  up  with  an  iron  fork,  and  places 
them  in  a  tower,  over  the  melting- furnace,  to 
anneal :  into  this  tower,  there  is  a  hole,  by 
which  the  heat  and  flame  are  received  from 
the  furnace ;  and  after  the  glaffes  have  flood 
here  fome  time,  they  are  put  into  iron  pans 
call’d  fraches,  which  by  degrees  are  drawn, 
by  the  farole-man,  further  oflf,  along  an  ap¬ 
pendage  of  the  tower  celled  the  leer,  five  or  fix 
yards  along,  that  they  may  cool  by  degrees : 
when  they  are  arrived  at  the  end  of  the  leer, 
they  are  quite  cold,  and  thus  taken  out,  fit 
for  ufe  * . 

(d)  Tho’  cryjlal,  in  not  being  fufible,  be¬ 
comes  unfufceptible  of  dyes,  or  tindlures  in 
fubftance  ;  yet  the  induftry  of  the  chemifts  has 
found  means  of  making  it  ferve  for  the  bafis 
of  precious  ftones,  with  all  the  advantages  of 
colour.  Tho’  we  cannot  fufe  it;  we  can  calcine, 
and  make  frit  of  it. 

The  art  of  imitating  precious  fortes  in  glafs, 
is  too  curious  and  confiderable  to  be  patted 
over  without  further  notice  ;  fome  of  the  lead¬ 
ing  compofitions  therein,  we  fhall  briefly 
point  out,  on  the  authority  of  the  never -e- 
nough  to  be  commended  Neri. 

To  make  a  fea-green  glafs  \  take  cry  fial  frit, 
without  allowing  it  any  manganefe  ;  melt  it, 
and  when  clear,  a  fait  will  be  found  fwim- 
ming  a-top,  in  form  of  an  oil,  which  is  to  be 
Ikimm’d  off,  as  tong  as  any  riles.  When  the 
glafs  is  perfectly  clarified,  mix  calcined  brafs, 
and  zaffer;  and  add  the  mixture  to  the  melted 
cryftal.  Let  the  wkole  Hand  three  hours, 
that  the  colour  may  incorporate  with  the  me¬ 
tal  :  then  ftir  and  mix  them  again  ;  take  a 
proof,  and  either  heighten  or  take  down  the 
colour. — For  an  emerald-colour  d  glafs,  ufe  cry- 
italhne  metal  that  has  had  no  manganefe,  pafs 

*  Antonio  Neri  de  Arte  Vitraria ,  and  Dr.  fl¬ 


it  thro’  water  once  or  twice,  to  get  out  all  the 
fait ;  add  half  the  quantity  of  common  white 
metal  made  of  polverine  ;  and  when  the  mix¬ 
ture  is  well  purified,  add  brafs  thrice  calcined, 
and  crocus  mantis  calcined  with  brimflone,  and 
reverberated  :  if  any  bluenefs  remain,  add 

more  of  the  crocus. - For  a  turcois-colouFd 

glafs,  evaporate  ail  the  moifture  from  fea-falt, 
till  it  become  white ;  then  pulverize  it :  this 
powder  add,  by  degrees,  to  a  fea  green  cryftal 
metal,  mentioned  above,  mixing  it  well  toge¬ 
ther,  till  the  fea-green  lofe  its  tranfparency, 
and  become  opake which  is  the  effedt  of  the 
fait,  now  vitrified.  Upon  this,  a  little  pale- 
nefs  arifes,  and  by  degrees  the  fky-blue,  which 
is  the  colour  of  a  turcois-ftone. — To  make  cal- 
cidonys,  jafpers,  and  agats,  in  glafs ;  diflolve 
iilver  in  Aqua  fortis,  and  alfo  mercury  in  Aqua, 
fortis  ;  mix  the  folutions  in  a  glafs  body,  and 
to  the  mixture  add  fal-ammoniac  ;  when  dif- 
folved,  add  zaffer,  manganefe,  ferretto,  crocus 
martis,  thrice  calcined  copper,  blue  fmalt, 
and  red  lead,  all  in  powder ;  keep  the  body 
flopp’d  ten  days,  ftirring  it  daily  :  then  fet  it 
in  a  fand  furnace ;  in  twenty-four  hours  the 
Aqua  fortis  will  be  evaporated,  leaving  a  pow¬ 
der  at  bottom.  Laftly,  take  very  clear  metal, 
made  of  broken  pieces  of  cryftal,  and  cryftal- 
lineveffels,  and  white  glafs  that  has  been  ufed  : 
to  twenty  pound  of  this  add  two  ounces  and  a 
half  of  the  powder  ;  mix,  and  incorporate 
them,  and  let  them  Hand  in  the  fire  twenty- 
four  hours ;  upon  this,  when  grown  cold, 
waves  and  clouds  of  beautiful  colours  will  be¬ 
gin  to  appear.  Add,  tartar,  vitrified  foot,  and 
crocus  martis ,  calcined  with  brimftone,  all 
powdered  and  mix’d,  to  the  compofition  :  let 
it  boil,  and  fettle  twenty-four  hours ;  and  then 
make  a  glafs  body  of  it,  which  put  in  the  fur¬ 
nace  again  and  again,  till  there  appear  fine 
ftreaks,  and  {hades  of  blue,  red,  fea-green, 
yellow,  and  all  other  colours ;  in  which  flate 
it  is  ready  to  be  wrought  into  variegated  vef- 
fels,  &c. 

To  make  a  gold-yellow  in  glafs,  mix  cryftal 
frit  with  common  glafs  frit,  and  to  the  mixture 
add  tartar  beaten  and  fearced,  and  manganefe  ; 
place  them  in  a  furnace  four  days,  with  an  or¬ 
dinary  fire ;  when  fufticiently  purified,  and  ca- 
E  b  loursd, 
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that  by  means  of  fire,  we  might  be  able  to  make  glafs  once  and  a  half  heavier 
than  at  prefent ;  we  fhould  then,  with  the  afliftance  of  metals,  make  arti¬ 
ficial  gems  equally  bright  and  beautiful  as  the  natural  ones :  fince  by  how 
much  the  tranfparent  matter  is  more  denfe  and  folid,  the  more  lively  and 
glittering  will  the  metal  appear  thro*  it.  But  as  art  has  not  yet  difcovered 
any  fuch  method  of  giving  denfity  to  glafs;  the  matter  of  faditious  gems  is 
too  porous  and  rare ;  and  thus  produces  a  weaker  and  more  languifhing  re- 
fledion  of  the  rays ;  which  renders  them  inferior  to  the  native  kind.  Some 
have  endeavoured  to  increafe  the  weight  of  glafs  by  adding  lead  to  it ;  but 
this  at  the  fame  time  increafes  its  foftnefs.  There  is  therefore  ftill  ground  for 
thofe  who  purfue  chemical  enquiries,  to  endeavour  at  a  method  of  condenfing 
the  fubftance  of  glafs  ;  which  will  amply  reward  them  for  their  pains  {e). 

13.  Another  thing  required  to  the  perfedion  of  the  art  of  making  arti¬ 
ficial  gems  is,  that  they  may  be  able  to  render  their  glafs  fo  hard  and  rigid, 
as  that  it  may  lofe  nothing  of  its  polifh  and  luftre,  by  the  frequent  attrition 
it  will  be  fubjed  to  in  wearing ;  but  like  the  natural  precious  {tones  remain 
incorruptible  and  unchanged. 

14.  Laftly,  having  rendered  their  matter  thus  ponderous  and  hard,  they 
muft  impregnate  it  by  the  fire  with  a  rich  tindure  of  metals,  and  thus  lhape, 
or  figure  it  into  pieces  of  many  fides ;  by  which  means  they  may  be  able  to 
excel  nature,  both  in  the  magnitude  and  variety  of  their  gems ;  fince  they 
have  a  great  dock  of  colours  which  may  be  diverfified  almoft  to  infinity;  where¬ 
with  they  may  tinge  their  glafs,  by  mixing  them  with  it  when  in  fufion  ;  or 

by 

make  an  efiay  as  before,  till  it  be  of  a  blood- 
red  ;  and  work  it  fpeedily,  lell  it  lofe  its  co¬ 
lour. 

(4  It  is  no  inconfiderable  improvement  of 
the  art  of  imitating  gems  in  glafs,  to  make 
ufe  of  glafs  of  lead  ;  the  Hones  produced  here¬ 
by,  far  exceeding  thofe  made  of  common' 
glafs,  or  even  of  cryftal,  in  point  of  colour. 
To  prepare  this  glafs,  the  lead  is  firft  fufed 
and  calcined  in  a  kiln;  then  re-calcined  by  a 
reverberatory  fire  y  and  laftly,  polverine  or 
rochetta  frit  being  mixed  therewith,  and  the 
whole  fet  in  the  furnace  for  ten  hours,  it  is 
call  out  into  water,,  and  the  glafs  feparated 
from  the  lead. 

This  glafs  may  be  blown  or  work’d  into- 
veflels,  after  the  ufual  manner — It  becomes 
of  an  emerald  colour ,  by  the  addition  of  pol¬ 
verine  frit  to  purify  it,  and  brafs  thrice  cal¬ 
cined,  and  crocus  Martis  made  with  vinegar,, 
incorporated  therewith. — A  topaz  colour,  by 
ufing  cryftal  frit  inftead  of  polverine  frit,-  and 
adding  half  the  quantity  of  yellow  glafs. — A 
gran  ate  colour ,  by  adding  cryftal  frit,  manga- 
nefe,  and  zaffer. — A  gold-colour ,  by  adding 
cryftal  frit,  brafs  thrice  calcined,  and  crocus 
Martis. — Colour  of  lapis  lazuli ,  by  adding  the 
fnow- white  glafs  above-mentioned,  y/ith  the 
painters  blue  fmalt  *. 

•  Neri  uhi  fuprct> 


loured,  work  it. — Tor  a  granat  colour ;  to  cry- 
Ital,  and  common  frit  mix’d,  add  manganefe, 
and  zaffer  ;  put  them  in  a  pot,  and  keep  them 
in  the  furnace  twenty-four  hours. — For  an 
ametbyft  colour ;  to  cryftal  frit  add  manganefe 
and  zaffer,  as  before. — For  a  faphyr  colour ; 
either  to  common  or  cryftal  frit,  add  zaffer  and 
manganefe;  mix  and  melt  them  in  the  furnace, 
and  when  well-colour’d,  work  it — Far  a  Hack 
colour ;  to  crvftal  and  common  frit,  add  calx 
of  lead  and  tin  ;  mix,  and  fet  them  in  the  fur¬ 
nace  ;  when  the  metal  is  melted,  and  pure, 
add  powder  of  calcined  fteekand  feales  of  iron  ; 
after  boiling  with  the  mixture,  let  them  Hand 
and  fettle  twelve  hours. — For  a  /now  white  ; 
to  cryftal  frit  add  calcined  tin,  and  manganefe  ; 
mix  them,  and  fet  them  in  the  furnace  to  re¬ 
fine,  for  eighteen  hours :  then  call  the  matter 
into  water,  and  make  a  proof :  if  it  be  too 
clear,  add  more  of  the  tin. — For  a  marble  co¬ 
lour  ;  cryftal  frit  melted,  and  work’d  without 
purifying,  fuffices.: — For  a  deep  red ;  put  cry¬ 
ftal  frit,  broken  white  glafs,  and  calcined  tin, 
in  a  pot  to  melt,  and  purify ;  and  when  in 
fufion,  add  calcined  fteel,  and  feales  of  iron, 
well  powdered,  thereto;  mix,  and  let  them 
incorporate  five  or  fix  hours.  Make  an  efiay, 
and  if  the  metal  be  too  black  or  opake,  add 
brafs  calcined  to  a  rednefs ;  mix,  refine,  and 
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by  fmearing  them  on  the  furface  of  the  glafs,  and  making  them  penetrate  by 
fire,  if  the  ancient  art  fhould  ever  be  reftored. 

15.  Thefe  three  fure  and  folid  foundations  for  making  artificial  gems  are 
furnifhed  by  chemiftry  alone  ;  which  will  likewife  afford  daily  occafionsof 
making  further  improvement  in  this  noble  manufacture.  But  as  the  artifts 
have  hitherto  in  vain  attempted  to  give  this  denfity  and  hardnefs  to  the  mat¬ 
ter  of  glafs ;  others  have  prudently  bethought  themfelves  to  take  pure  and 
perfeCt  rock  cryftal,  and  try  whether  to  the  weight  and  hardnefs  which  it  has 
from  nature,  fo  as  to  enable  it  to  cut  glafs ;  they  could  not  make  it  fufceptble 
of  metalline  colours,  yet  without  detriment  to  its  tranfparency,  and  the 
brightnefs  of  its  polifh.  This  might  be  effected  with  fome  fuccefs  by  hearing 
the  cryftals  red-hot,  and  then  extinguifhing  them  in  colour’d  fluids  *,  but  that 
this  method  difpofes  them  to  crack  and  flaw  (f).  Others  have  attempted 
the  like  by  cementing  cryftals  with  various  metals,  which  being  diffolved  and 
carry’d  upwards  by  the  fire,  penetrate  the  fubftance  of  the  cryftal.  Laftly, 
it  may  not  be  impoffible  to  find  fome  matter  richly  impregnated  with  a  metal¬ 
line  colour,  which  being  laid  thin  over  the  cryftal,  may  by  force  of  fire  be 
driven  into  the  body  of  it,  and  give  it  a  beautiful  dye.  In  fine,  from  the 
whole,  it  feems  to  follow,  that  if  there  be  any  good  to  be  hoped  for  in  this 
elegant  art,  it  is  from  chemiftry  we  muft  expeCt  it.  Nor  do  I  fee  how  any 
other  art  can  contribute  any  thing  hereto  (g). 


(f)  See  Boyle  of  Gems ,  pag.  19,  44. 

(g)  M.  Homberg  gives  us  a  new  and  curious 
application  of  the  art  of  glafs  to  the  copying 
of  engraven  flones ,  and  taking  figures  or  im- 
prefllons  thereof,  equally  beautiful  with  the 
originals.  He  even  aflures  us,  that  he  made 
copies  this  way  from  a  great  number  of  fuch 
flones,  furnifhed  him  by  the  Dutchefs  of  Or¬ 
leans,  in  fuch  perfection,  that  fome  of  the 
moll  experienced  perfons  took  them  for  an¬ 
tique. 

“  The  whole  method  confids  in  moulding 
0  the  graven  ftone  in  a  fine  earth,  and  im- 
printing  therein  a  piece  of  glafs  half  melted 
“  by  the  fire,  in  fuch  manner,  as  that  the  fi- 
“  gure  of  the  ftone  remains  accurately  im- 
preffed  on  the  glafs.” 

The  chief  difficulty  lies  in  finding  an  earth 
fine  enough  to  take  the  figure,  and  yet  that 
fhall  not  melt,  mix,  flick  to,  and  incorpo¬ 
rate  with  the  melted  glafs,  which  itfelf  is  little 
elfe  but  a  fort  of  earth.  The  character  of 
fuch  earth  muft  be,  that  it  have  as  little  fait 
as  poffible  ;  fait  difpofing  it  more  eafily  to  fu- 
fion.  Of  all  the  earths  whereof  M.  Homberg 
made  trial,  the  leaft  faline,  and  that  which  he 
found  fittefl  for  the  purpofe,  was  a  fort  of 
chalk,  called  tripoli  of  Venice,  commonly  ufed 
in  polifhing  looking-glades,  optic-glades,  and 
precious  flones :  Tho'  there  is  alio  a  coarfer 


tripoli  found  in  France ,  of  lome  dead  in  fay¬ 
ing  the  too  great  expence  of  the  former. 

The  procefs  is  thus  }  pounding  the  French 
tripoli ,  pafs  it  through  a  hair-fieve :  fcrape 
the  tripoli  of  Venice  very  fine  with  a  knife  or 
piece-  of  glafs  j  pafs  it  thro’  a  fine  filk-fieve, 
and  grind  it  in  a  glafs  mortar,  with  a  peftle 
of  glafs. 

Proceed  now  to  moiften  the  French  tripoli 
with  water,  till  it  may  be  made  into  a  pade  by 
fqueezing  it  between  the  fingers  j  and  there¬ 
with  fill  a  little  Hat  crucible,  preffing  it  lightly 
into  the  fame :  then  drew  fome  dry  powder 
of  the  Venice  tripoli  over  it  ;  and  on  this  lay 
the  done  intended  to  be  moulded ;  preffing  it 
drongly  into  the  fame  with  the  fingers,  and 
Raffing  down  the  tripoli  all  around  it.  Here 
letting  it  remain  a  while,  for  the  moidure  of 
the  French  tripoli  to  penetrate  the  Venetian  ; 
turn  the  crucible  uplide  down  ;  upon  which 
the  done  falls  out,  leaving  its  impreffion  be¬ 
hind. 

The  crucible  having  now  dood  till  perfectly 
dry,  take  a  piece  of  glafs  of  any  colour  at 
pleafure,  and  of  a  fize  anfwerable  to  the  work 
intended,  and  expofe  it  in  a  furnace  till  it  be¬ 
gin  to  fhine,  which  ffiews  it  fufficiently  foft- 
ned  for  the  impreffion.  Upon  this,  imme¬ 
diately  apply  it  with  a  piece  of  iron  into  the 
cavity  of  the  mold  ;  and  as  foon  as  it  has 
B  b  z  ,  taken 
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Metallurgy.  1 6.  The  art  of  metals  hasfo  near  a  dependance  an~chemifti‘y,  that  it  feems 
•  to  claim  it  as  its  own.  I  do  not  here  mean  the  art  which  pretends  to  be  em 
ploy’d  in  the  making,  and  tranfmuting  metals  ;  concerning  which,  I  fhall 
give  my  real  thoughts,  when  I  come  to  fpeak  of  the  ufe  of  chemiftry  in  al¬ 
chemy  j.  but  I  mean  the  art  which  teaches  how  to  prepare  and  fit  metals  for 
human  ufes,  or  even  ornaments.  Gold  is  frequently  too  pale  on  many  ac¬ 
counts,  wanting  its  fine  yellow  colour,  which  muft  be  raifed  by  a  chemical 
cement,  or  by  Regulus  of  antimony,  as  is  now  pra&ifed  in  Holland  ;  where  the 
gold  pieces  are  brighter  than  elfewhere,  owing  to  the  peculiar  skill  of  the 
mint-mafter. 

i  7.  The  fame  metal,  if  it  be  pure,  is  too  foft  for  the  ufes  of  coinage  ;  and 
muft  be  brought  to  a  due  temperature,  by  a  mixture  chiefly  of  copper  and  fil¬ 
ler.  The  like  may  be  faid  of  filver,  which  is  too  foft  and  dutftile  for  com¬ 
mon  ufe,  and  needs  a  proper  addition  of  copper,  to  fit  it  both  for  coinage  and 
family  fervice. — We  need  not  mention  that  by  a  mixture  of  copper  and  cala¬ 
mine,  a  metal  is  made  vying  with  gold  in  brightnefs :  nor  princes  metal,  or 
the  metal  denominated  from  prince  Rupert  which  is  made  of  brafs  and  zink  j 
and  which  being  gilt,  equals  in  brightnefs  the  faireft  gold.  So  the  valuable  and 
beautiful  artof  gilding  and  filvering  the  bafer  metals,  is  the  work  of  chemiftry. 
From  which  few  inftances  it  will  be  eafy  to  infer,  what  a  multitude  of  other 
other  effedls  might  be  produced,  if  a  fkilful  chemift  were  to  employ  his  art 
in  the  mixing  of  metals. 

1-8.  Nor  does  medicine  rejetft  the  ufe  of  cups  which  give  a  medicinal  virtue 
to  the  wine  pour’d  into  them  •,  as  has  long  ago  been  found  in  the  Regulus  of 
antimony  tempered  with  other  metals.  ’Tis  pity  Hclmont  fhould  have  de¬ 
prived  the  difeafed  of  the  benefit  they  might  have  received  from  a  metalline 
matter  he  talks  of-,  a  ring  of  which  wore  for  the  fpace  of  a  few  minutes,  re¬ 
moved  all  pain  of  the  haemorrhoids,  either  internal  or  external ;  at  the  fame 
time  calming  hyfteric  fits  and  fpafmodic  diforders  ( h ).  It  may  be  worth  while 
to  make  experiments  with  this  view  ;  there  being  frequently  a  hidden  virtue 
in  fuch  compounds,  and  no  great  danger  in  making  trials. 

19.  Again,  metallurgy,  which  is  employed  in  judging  and  diftinguifhing  the 
fbflil  ores  found  in  mineral  veins,  and  preparing  them  into  proper  and  pure 
metals,  depends  altogether  on  the  art  of  chemiftry  ;  which  may  appear 
from  hence,  that  chemiftry  chiefly  owes  its  rife  to  thefe  occafions,  and  has  in 
later  times  produced  many  improvements  in  the  art  of  metals.  They  who 
have  carefully  read  George  Agricola ,  Lazarus  Erker ,  J.  Rudolph  Glauber , 
and  others  who  chiefly  copied  after  them,  will  need  no  proof  hereof ;  for 
fuch  as  have  not,  I.  fhall  fubjoin  a  few  inftances. 

20*.. 

taken  the  impreffion,  fet  the  crucible  in  a  wax,  or  fulphur,  and  pare  off  all  that  is  fu- 
waim  place  in  a  furnace,  that  the  glafs  may  perfluoas  on  the  edges ;  mould  this  waxen  im- 
cool  by  degrees,  without  cracking :  when  cold,  preffion  in  a  crucible  of  tripoli,  in  the  fame 
it  is  taken  out  of  the' crucible,  compleat.  manner  as  if  it  were  a  Hone;  and  take  an 

To  copy  a  fione  in  creux,  that  is  imbofs’d  impreffion  thereof  in  a  piece  of  glafs,  as  above 
or  wrought  in  relievo  ;  or  to  copy  in  relievo  taught  *. 

ftone  wrought  in  creux ,  proceed  thus:  (X)  See  his  Works,  p,  745.  §.39.. 

Take  the  impreffion  of  the  ftone  in  fealing- 

**  Mm<  de  P Acad,  an ,  1716* 
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20.  Thofe  canverfant  in  chemiftry  know,  that  a  matter  is  eafily  prepared, 
which  being  mixed  with  gold,  filver,  or  other  metals,  immediately  renders 
them  all  volatile,  fo  that  with  a  gentle  fire  they  may  be  driven  over  in 
glafs  veflels,  or  drawn  by  the  retort.  Nor  is  it  lefs  certain  that  among 
the  ores  of  metals,  certain  bodies  are  often  found  which  exhale  and 
difiipate  the  mineral  matter,  when  expofed  to  the  fire,  in  order  for  fufion,  to 
the  great  lofsof  the  miners.  frpeffed:,  a  pernicious  confirming  fulphur  is  fre¬ 
quently  found  adhering  to  gold,  which  has  wafted  many  thoufand  pounds  of 
that  metal,  even  while  only  expofed  to  torrefy  by  the  fire.  But  the  chemifts 
have  found  a  method  of  fixing,  in  a  moment,  all  thefe  volatile  ores,  and  mak- 
in  them  endure  the  moft  violent  fire ;  fo  as  that  they  may  be  fufed,  and  hereby 
feparated  from  the  reft.  ’Tis  known,  alfo,  that  Regulus  of  antimony,  mixed 
with  double  the  quantity  of  corrofive  fublimate,  will  become  by  a  moderate 
degree  of  fire,  an  un&uous  fubftance,  extremely  volatile;  and  the  fame,  by 
a  gentle  warmth,  will  emit  poifonous  fumes  ;  and  by  the  repeated  action  of 
the  fire,  turn  into  a  limpid  oil,  which  fmoaks  fpontaneoufiy.  What  is  ftill 
more  furprizing,  a  pound  of  this  oil  being  poured  on  the  like  quantity  of  fair 
water  ;  the  effedt  is,  that  it  immediately  turns  white,  and  precipitates  a  white 
metallic  calx  of  antimony,  which  will  fuftain  fuch  a  degree  of  fire,  as  that  it 
may  be  melted  into  a  mafs  like  filver;  being  the  beft  Regulus  of  antimony  that 
can  be  made. 

21.  By  this  experiment  we  are  inftrudted,  to  pour  water  on  the  volatile 
ores,  and  obferve  whether  by  this  means,  they  do  not  yield  more  metal  than 
otherwife.  The  addition  of  iron  likewife  at  the  time  of  calcination,  will  fre¬ 
quently  abforb  the  fulphur,  fo  as  to  prevent  its  carrying  off  the  metalline 
matter.  Fix’d  alkaline  falts  have  likewife  been  found  beneficial  for  fubduing 
and  refolving  fulphurs,  or  acids,  which  being  mix’d  with  the  metalline  mat¬ 
ter,  made  it  exhale  by  the  fire.  The  rich  lilver  mines  of  Peru  are  infefted 
with  a  malignant  undtuous  matter,  which  occafions  the  metalline  fubftance,  on 
the  application  of  fire,  to  fly  off;  by  which  means  the  greateft  part  of  the  fil- 
ver  was  formerly  loft  ;  but  fince,  the  chemifts  have  taught  them  to  torrefy 
the  ore,  byexpofingit  to  a  gentle  heat  flowly  applied*  and  then  breaking  it 
to  pieces,  to  grind  it  with  quickfilver,  wafh  it  in  a  proper  manner  with 
water,  and  laftly,  reduce  the  pieces  into  a  mafs,  by  expelling  the  mercury 
which  had  drawn  and  united  this  to  it  felf,  fcarce  a  grain  is  any  longer  loft  ; 
and  thus  are  immenfe  treafures  faved.  How  have  the  miners  and  aflayers 
lamented  the  difficulty  of  extracting  the  pure  filver  from  tin  mix’d  with  it ; 
but  fince  chemiftry  has  ftiewn  the  way  of  evaporating  the  tin,  by  the  admix¬ 
ture  of  melted  copper,  the  filver  is  now  eafily  procured,  and  without  much 
charge  ;  being  found  pure  in  the  copal.  I  could  add  infinite  other  inftances  of 
the  benefits  accruing  to  metallurgy  from  chemiftry  ;  but  the  prefent  occafion 
neither  requires  nor  admits  of  them. 

22.  It  were  indeed  to  be  wifh’d  that  our  art  had  been  lefs  ingenious,  in  jrt  of  war* 
contriving  means  deftrudtive  to  mankind  ;  we  mean  thofe  inftruments  of  war, 

which  were  unknown  to  the  ancients,  and  have  made  fuch  havoc  among  the 
moderns.  But  as  men  have  always  been  bent  on  feeking  each  other’s  deftruc- 

tion 


1 90 


The  Theory  of  Chemistry. 

tion  by  continual  wars  ;  and  as  force,  when  brought  againft  us,  can  only  be 
repelled  by  force  •,  the  chief  fupport  of  war,  muft,  after  money,  be  now 
fought  in  chcmiftry. 

23.  Reger  Bacon ,  as  early  as  the  twelfth  century,  had  found  cut  gun¬ 
powder,  wherewith  he  imitated  thunder  and  lightning ;  but  that  age  was  fo 
happy  as  not  to  apply  fo  extraordinary  adifeovery  to  the  deftrudtion  of  man¬ 
kind.  But  two  ages  afterwards,  Barthol.  Schwartz  (i),  a  German  monk  and 
chemift,  happening  by  fome  accident  to  difeover  a  prodigious  power  of  expand¬ 
ing  in  fome  of  this  powder  which  had  been  made  for  medicinal  ufes,  he  ap- 
ply’d,  it  firft  in  an  iron  barrel,  and  foon  after  to  the  military  art,  and  taught 
it  the  Venetians.  The  effe<5t  is,  that  the  art  of  war  has  fince  that  time  turned 

entirely 


(t)  What  evidently  (hews  the  ordinary  ac¬ 
count  of  its  invention  falfe,  is,  that  Schwarts 
is  held  to  have  firft  taught  it  the  Venetians  in 
the  year  1380  ;  and  that  they  firft  ufed  it  in 
the  war  againft  the  Genoefe ,  in  a  place  an- 
tiently  called  Foffa  Caudeana,  now  Chioggia. 
For  we  find  mention  of  fire  arms  much  ear¬ 
lier :  Peter  Meffius ,  in  his  nsariee  ledliones,  re¬ 
lates,  that  Alphonfus  XI.  king  of  Caflile  ufed 
mortars  againft  the  Moors ,  in  a  fiege  in  1348; 
and  Don  Pedro,  biftiop  of  Leon,  in  his  chro¬ 
nicle,  mentions  the  fame  to  have  been  ufed 
above  four  hundred  years  ago,  by  the  people 
of  Funis,  in  a  fea-fight  againft  the  Moorijh 
king  of  Sens'll.  Du  Cange  adds,  that  there  is 
mention  made  of  this  powder  in  the  regifters 
of  the  chambers  of  accounts  in  France,  as 
early  uS  the  year  1338. 

The  compofition  of  gun-powder  is  as  fol¬ 
lows  :  Take  fix  pound  of  falt-petre  well  pu¬ 
rified,  and  reduced  to  powder;  one  of  ful- 
phur,  likewife  purified  and  powder’d ;  and 
at  leaft  one  of  charcoal :  put  thefe  ingredients 
in  a  mortar,  moiftefi  them  with  water,  fpirit 
of  wine,  vinegar,  or  urine,  and  pound  them 
for  twenty-four  hours,  remembring  to  moiften 
from  time  to  time,  to  prevent  the  mafs  from 
taking  fire.  This  done,  fqueeze  it  thro’  a 
fieve.  By  this  means  it  will  be  formed  into 
little  grains  or  globules,  which  being  dried 
are  the  gun-powder  *. 

Other  authors  preferibe  other  proportions ; 
Semienowitz,  for  mortars  directs  100  pounds 
of  falt-petre,  25  of  fulphur,  and  as  many  of 
charcoal ;  for  great  guns,  100  pounds  of  falt- 
petre,  1 5  of  fulphur,  and  1 8  of  charcoal ; 
for  muskets  and  piftols,  ico  pound  of  falt- 
petre,  8  of  fulphur,  and  1  o  of  charcoal  -J-. 

Miethius  extols  the  proportion  of  one  pound 
of  falt-petre  to  three  ounces  of  charcoal,  and 
two,  or  two  and  a  quarter  of  fulphur  ;  than 
which,  he  affirms,  no  gun-powder  can  pof- 
libly  be  ftronger.  He  adds,  that  the  ufual 


praflice  of  making  the  gun-powder  weaker 
for  mortars  than  guns,  is  without  any  foun¬ 
dation,  and  renders  the  expence  needlefly 
much  greater :  for,  whereas  to  load  a  large 
mortar,  Z4  pound  of  common  powder  is  re¬ 
quired  ;  and,  confequently,  to  load  it  ten 
times,  240  pound :  he  (hews,  by  calculation, 
that  the  fame  effect  would  be  had  by  180 
pound  of  the  ftrong  powder  J. 

The  explofion  of  gun-powder  is  thus  ac¬ 
counted  for  by  Sir  Ifaac  Newton:  “  The 
“  charcoal  and  fulphur  eafily  taking  fire, 

“  kindle  the  nitre,  and  the  fpirit  of  the  nitre 
“  being  thereby  rarified  into  vapour,  ruffies 
“out  with  vehemence,  much  after  the  fame 
“  manner  as  the  vapour  of  water  out  of  an 
“  aeolipile  ;  the  fulphur  alfo  being  volatile  is 
“  converted  into  vapour,  and  augments  the 
“  explofion  ;  and  the  acid  vapour  of  the  ful- 
“  phur,  <viz.  that  which  diftils  under  a  bell, 
“  into  oil  of  fulphur,  entring  violently  into 
“  the  fix’d  body  of  the  nitre,  lets  loofe  the 
“  fpirit  of  the  nitre,  and  excites  a  greater  fer- 
“  mentation,  whereby  the  heat  is  further  aug- 
“  mented,  and  the  fix'd  body  of  the  nitre  alfo 
“  rarified  into  fume,  and  the  explofion  thereby 
“  made  more  vehement  and  quick  ||. 

“  If  fait  of  tartar  be  mixed  with  gun-pow  < 
“  der,  and  that  mixture  be  warm’d  till  it  takes 
“  fire  ;  the  explofion  will  be  more  vehement 
“  and  quick  than  of  gun  powder  alone  :  which 
“  can  proceed  from  no  other  caufe  but  the 
“  attion  of  the  vapour  of  the  gun-powder 
“  upon  the  fait  of  tartar,  whereby  that  fait 
“  is  rarified 

This  makes  what  they  call  fulvis  fulmi¬ 
nant,  whofe  effett  Sir  7/1  Newton,  in  the  fame 
work,  accounts  for  from  the  great  attraftive 
force,  whereby  the  acid  fpirits  of  the  fulphur 
and  nitre  rufhing  towards  one  another,  and 
towards  the  fait  of  tartar,  by  the  violence  of 
the  fhock  turn  the  whole  into  vapour  and 
flame  -ff. 


*  Wolfii  Element.  Pyrotecb.  +  Pyrotecb.  £  Artiller.  Prax.  Recent. 

g  Opticks,  p.317.  **  Newt.  Opt.  p.317.  -ft  Ibid,  p.352,353. 
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entirely  on  this  one  chemfcal  invention ;  fo  that  the  feeble  boy  may  now- 
kill  the  ftouteft  hero :  Nor  is  there  any  thing,  how  vaft  and  folid  foever, 
can  withftand  it.  By  a  thorough  acquaintance  with  the  power  of  this  pow¬ 
der,  that  intelligent  Dutch  General  Cohorn  quite  alter’d  the  whole  art  of 
fighting  *,  making  fuch  a  change  in  the  manner  of  fortification,  that  places 
formerly  held  impregnable,  now  want  defenders.  In  effett,  the  power  of 
gun-powder  is  ftill  more  and  more  to  be  fear’d.  I  .tremble  to  mention  the 
ftupendous  force  of  another  powder,  prepar’d  of  fulphur,  nitre,  and  burnt 
lees  of  wine  *,  to  fay  nothing  of  the  well-known  power  of  aurum  fulminans. 

Some  perfon  taking  a  quantity  of  fragrant  oil,  chemically  procured  from  fpices, 
and  mixing  it  with  a  liquor  procured  from  falt-petre,  difcover’d  a  thing  far 
more  powerful  than  gun-powder  itfelf*,  and  which  fpontaneouQy  kindles  and 
burns  with  great  fiercenefs,  without  any  application  of  fire  ( k ).  I  fhall  but 
juft  mention  a  fatal  event  which  lately  happen’d  in  Germany ,  from  an  experi¬ 
ment  made  with  balfamof  fulphur  terebinthinated,  and  confined  in  a  clofe  che¬ 
mical  veflel,  and  thus  exploded  by  fire :  God  grant  that  mortal  men  may  not 
be  fo  ingenious  at  their  own  coft,  as  to  pervert  a  profitable  fcience  any  longer 
to  fuch  horrible  ufes.  For  this  reafon  I  forbear  to  mention  feveral  other  mat¬ 
ters  far  more  horrible  and  deftrudtive,  than  any  of  thofe  above  rehearfed. 

24.  Thofe  anciently  called  in  Afia  Magi ,  were  the  wifer  men  of  thofe  times,  Natural 
as  is  allow’d  among  the  learned  ;  nor  was  the  word  always  ufed  in  its  proper  magic . 
fenfe  to  denote  a  fort  of  ill-difpofed  operators,  dealers  in  deceit,  and  fervants 
of  the  devil ;  as  may  appear  from  the  Magi ,  or  wife  men,  of  St.  Matthew  (/), 
who  were  perfons  fkilful  in  aftronomy,  and  worfhippers  of  the  true  God  j 
to  whom  they  were  alfo  acceptable.  It  may  be  added,  they  were  in  great 
efteem  with  princes,  and  always  admitted  into  their  moft  fecret  councils. 
Zoroafter  himfelf,  the  founder  of  this  fetft,  was  a  king  of  Battria,  famous 
for  his  great  knowledge  of  the  ftars  \  into  the  motions  whereof,  and  the 
principles  and  origin  of  things,  he  is  faid  by  JuJlin  ( m)  to  have  made  a  ftridt 
fearch.  Accordingly,  Cicero  informs  11s  (n),  that  the  kings  of  Pcrjia  were 
always  inftru&ed  in  the  magic  arts,  before  they  were  admitted  to  govern 
the  ftate.  He  adds'0),  that  the  Magi  in  Perfia  were  wife  and  learned  men. 

From  hence  it  arofe,  that  an  ignorant  fet  of  people,  covetous  of  diftio- 
neft  gain  and  fame,  have  endeavour’d  to  cover  their  Heights  and  impoftures 
under  the  fpecious  name  of  magic  ;  by  which  means,  their  frauds  having 
been  frequently  detected,  a  fcandal  has  redounded  to  the  name,  and  magic 

thus 


(i)  On  this  occafion  we  cannot  omit  to  ad¬ 
mire  an  inftance  of  a  noble  and  generous  prin¬ 
ciple,  in  the  late  king  of  France ,  Louis  XIV. 
A  Roman  chemift,  S.  Poli,  having  difcovered 
fomething  of  this  kind,  of  prodigious  effedt, 
came  to  France  in  1702,  on  purpofe  to  make 
an  offer  of  it  to  that  prince ;  who,  tho’  he 
was  then  going  to  be  engaged  in  a  war  againft 
a  powerful  confederacy  }  yet  voluntarily  re¬ 
nounced  all  the  advantages  of  fuch  a  fecret  y 
handfomely  rewarded  the  inventor,  but  em 
join’d  him  to  let  it  perilh  *. 

*  Hijl.  de  I Acad.  R.  des  Scienc.  an.  1714. 


A  drachm  of  compound  Ifirit  of  nitre 
being  poured  on  half  a  drachm  of  oil  of 
caraway  feeds  in  vacuo ;  the  mixture  im¬ 
mediately  made  a  fiafh  like  gun  powder, 
and  burft  the  exhaufted  receiver,  which  was 
a  glafs  fix  inches  wide,  and  eight  inches 
deep  +. 

(/)  Mattb.  ii. 

(m)  f  u fin.  I,  i. 

(n)  De  Divinat.  I.  91  . 

P)  Id.  I.  47. 


4:  Newt.  Opt. 
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thus  become  exploded,  after  the  fame  manner  as  mathematics  have  unjuftly 
been.  The  true  Magi ,  by  a  clofe  purfuit  of  nature,  difcover’d  things  which  the 
creator  had  defignedly  laid  deep,  as  a  reward  for  labour  and  induftry  ;  whence 
they  appear’d,  to  the  vulgar,  as  indued  with  a  kind  of  fupernatural  know¬ 
ledge,  and  were  accordingly  fuppofed  to  hold  intelligence  with  daemons, 
and  to  receive  their  chief  notices  from  them.  Hence  they  were  venerated 
rather  out  of  fear  than  love  ;  efpecially  as  an  opinion  had  prevailed  in  all 
ages  of  the  world,  that  there  are  both  good  daemons  and  bad,  who,  being 
intimately  {killed  in  natural  things,  were  induced  either  out  of  love,  or  ha¬ 
tred  to  mankind,  to  make  ufe  of  their  knowledge  to  gain  men  to  them, 
either  to  fave  or  ruin  them.  Whether  the  opinion  were  true  or  falfe,  I  fhall 
not  here  enquire.  The  powers,  inftruments,  and  other  virtues  and  riches 
of  nature,  as  fettled  by  the  creator,  are  many  of  them  unknown ;  but  by 
thofe  we  do  know,  we  may  be  inclin’d  to  believe,  that  there  fhall  infinite 
things  be  clearly  reveal’d  to  mankind,  of  which  there  is  not  now  the  lead: 
appearance.  Who  knows  but  there  may  be  beings  able  to  fee  further  into 
things  than  the  wifefi  of  men  have  hitherto  done  ?  Who  knows  but  fuch 
fpirits  may  have  a  perception  of  bodies,  underftand  their  powers,  fee  the 
order  of  caufes,  view  prefent  things,  forefee  future  things,  and  know  paft 
ones,  even  without  the  affifiance  of  bodily .  organs  ?  It  is  no  abfurdity  to 
fuppofe,  that  fuch  fpirits  might  infufe  their  thoughts  into  the  minds  of 
men  ;  fince,  in  reality,  we  are  as  much  unacquainted  with  the  connection 
and  mutual  intercourfe  between  thinking  beings,  as  with  the  numbers  and 
different  fpecies  of  beings  endowed  with  underftanding,  will,  and  paffions. 
Nor  do  we  fo  much  as  know  the  true  reafon,  why  a  moving  body  commu¬ 
nicates  motion  to  another,  which  it  happens  to  ftrike  againft.  Who  will 
venture  to  deny  the  exiftence  of  a  light  incorporeal  kind  of  beings  fleeting 
among  us,  when  we  fee  fpedres  emerge  out  of  a  concave  mirroiir,  and  fub- 
fift  in  the  liquid  air  fo  clearly,  as  that  tho*  acquainted  with  the  thing,  we  are 
half  terrified  at  the  fight,  to  find  an  empty  impalpable  image,  exhibit  fuch 
dimenfions,  magnitude,  and  vivid  colours,  with  whatever  elfe  is  difeovera- 
ble  in  a  folid  body  ?  And  as  our  bodies  have  a  mind  united  with  them,  by 
means  whereof  they  fee  external  things,  why  may  not  this  fleeting  fpecies 
be  alfo  united  with  fouls,  and  thus  enabled  to  move,  penetrate,  and  change 
things?  Whether  the  cafe  be  thus,  or  not,  I  do  not  affirm;  perhaps  here¬ 
after  we  may  be  allow’d  to  know.  In  the  mean  while  I  neither  affert,  nor 
deny,  that  men  by  the  affifiance  of  daemons  may  have  known,  or  done 
things,  beyond  what  could  have  been  by  any  natural  powers.  It  muft  be 
highly  vain  and  temerarious  in  us  who  fcarce  know  any  thing,  to  decide  on 
things  utterly  unknown  :  all  which  I  do  not  repeat,  as  if  I  would  perfuade 
perfons  into  a  belief  of  old  women’s  fables,  the  empty  fi&ions  of  idle  people, 
or  the  foolilh  imaginations  of  the  credulous.  I  am  too  fenfible  that  thefe 
matters  are  rarely  credited  by  the  wife,  commonly  by  the  ignorant,  and 
are  fo  much  the  lefs  regarded,  by  how  much  we  are  the  more  prudent 
and  cautious  not  to  be  impofed  upon.  In  effeCt,  the  true  Magi  never  pre¬ 
tended  they  could  foretell  things  to  come  ;  difeover  things  hidden  ;  raife 
or  fix  the  paffions  on  any  obje<fi  of  pleafure ;  keep  off  harms  ;  communi¬ 
cate 
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cate  virtue  ;  create,  remove,  or  footh  difeafes,  by  means  of  numbers,  words, 
fign-s,  figures,  inarticulate  murmurs,  verfes,  images,  looks,  or  injections ; 
change  themfeives  or  others  into  other  fhapes  ;  render  any  perfon,  though, 
prefent,  invifib’e  ;  be  convey’d  at  pleafure  through  the  air  •,  walk  on  the' 
water;  give  life,  fenfe,  motion,  voice,  and  paflion,  to  things  inanimate; 
raife  ghofts,  daemons,  fhadows,  and  dead  bodies ;  call,  drive  away,  or  bind 
fpirits  ;  attain  to  honours  ;  difcover  treafures  ;  caufe  their  money  always  to 
return  back  into  their  pockets ;  render  their  bodies  invulnerable  ;  overcome 
their  enemies,  or  (trike  them  motionlefs  at  pleafure  ;  command  the  elements, 
fo  that  water  or  fire  fhall  not  hurt  them  ;  raife  meteors  in  the  atmofphere  at 
command  ;  tame  the  fierceit  wild  beads  by  a  charm  ;  and  produce  diverting 
fpedacles  at  a  word  fpeaking  :  thefe,  and  the  like,  we  fay,  were  not  prac- 
tifed  by  the  Magi ;  but  are  pretended  to  by  doating  old  women,'  believ’d  by 
the  fuperftitious,  and  fometimes  framed  by  the  ill-minded,  to  deceive  the  im¬ 
prudent,  and  bring  them  to  their  own  purpofes.  Againft  all  thefe  did  that 
excellent  author  Roger  Bacon  write  with  great  force,  to  (hew  the  nullity  of 
fuch  magic ,  and  even  that  there  never  had  been  fuch  in  the  world.  But  on 
the  contrary,  he  ferioufly  argues  there  are  certain  unknown  and  hidden 
powers  lodg’d  by  the  Creator  in  the  nature  of  things,  whereby  as  wonderful 
events  may  be  produced  as  had  ever  been  afcribed  to  the  operations  of  de¬ 
vils  :  That  fuch  powers,  ’tis  true,  are  only  difcoverable  by  the  endeavours 
of  the  moft  diligent  and  indefatigable  enquirers,  afiifted  by  rational  experi¬ 
ments  purpofely  contrived,  who,  when  they  are  difcovered,  compare  and 
apply  them  to  each  other,  and  thus  perform  fuch  things,  as,  by  thofe  who 
are  ignorant  of  thefe  powers,  are  fuppofed  contrary  to  the  laws  of  nature, 
and  only  owing  to  fome  preternatural  power  :  this  genuine  knowledge  there¬ 
fore  may  properly  be  called  natural  magic.  This  I  am  now  going  to  recom¬ 
mend  as  ufeful  to  human  fociety,  agreeable  to  the  intelligent,  and  proper  to 
difplay  the  glory  of  the  Creator  by  the  wonderfulnefs  of  his  works ;  with 
which  view  I  fhall  rehearfe  a  few  inftances  of  the  art  derived  from  ctie- 
miftry. 

25.  If  any  reputable  author,  ten  centuries  ago,  had  written  that  in  his  time  a 
man  publickly  declared,  before  a  multitude  of  witneffes,  that  a  huge  tower 
a  few  miles  diftant,  would  at  a  certain  point  of  time  rife  up  of  its  own  accord, 
and  immediately  afterwards  tumble  into  ruins ;  and  that  this  accordingly 
happen’d,  as  he  had  foretold  ;  would  not  all  who  read  the  account  take  it 
for  a  mere  fable,  or  the  effed  of  fome  fupernatural  power  ;  and  therefore 
denounce  it,  either  owing  to  the  intervention  of  the  deity  or  the  devil  ? 
Yet  if  only  fome  one  man  had  been  acquainted  with  the  power  of  gun¬ 
powder,  and  had  reported  a  competent  quantity  of  it  under  the  foundations 
of  the  tower,  as  is  now  fometimes  pradifed,  and  had  fo  difpofed  a  clock, 
as  that  at  the  prefixed  point  of  time  it  fhould  caufe  a  flint  to  ftrike  on  a  fteel, 
the  fparks  whereof  might  fall  upon  the  powder  ;  he  would  have  wrought 
a  miracle,  which  might  have  not  only  impofed  on  the  credulity  of  the 
world,  but  even  have  moved  the  faith  of  the  moft  knowing  ;  fo  that  he 
might  afterwards  have  induced  them  to  any  thing.  Mahomet  or  Haly  would 
have  been  but  fools  to  a  rnan  poffefled  of  fuch  a  fecret.  But  after  the  fecret 
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Is  once  known,  the  wonder  ceafeth,  and  we  all  allow  that  feafible  by  natu¬ 
ral  means,  which  before  we  held  to  furpafs  any  miracle  of  magic  related  in 
hiftory.  Not  that  even  the  moft  intelligent  in  our  days,  can  fee  into  the: 
caufe  of  fo  extraordinary  an  effetft  ;  but  we  falfely  imagine,  that  we  under- 
ftand,  and  are  matters  of  things*  which  we  frequently  find  to  happen. 

2 6.  We  may  be  able  to  foretell,  that  at  a  certain  hour  an  earthquake  (hall  be 
felt  in  a  neighbouring  fpot  of  land  ;  from  whence  a  thick  fmoak  lhall  a f- 
cend  into  the  air,  followed  at  laft  by  eruptions  of  fire  and  flames.  The 
hearers  probably  will  laugh  at  the  predi&ion  *,  but  how  will  they  be  con¬ 
founded  foon  after,  when  the  effeft  follows  exadtly  as  foretold  ?  Taking  a 
quantity  of  frefli  iron  filings,  mixing  it  with  an  equal  quantity  of  pure  fulphur, 
working  it  with  a  little  water  into  a  pafte  ;  and  laying  fifty  pound  weight 
thereof  in  a  hole  dug  under  ground,  a  foot  and  half  deep ;  covering  the 
whole  again  with  earth  well  ramm’d  down :  it  will  appear  to  our  great  afto- 
nifliment,  that  fuch  unpromifing  ingredients,  as  cold  iron,  and  water,  and; 
unatttive  fulphur,  will  without  other  application,  produce  heat,,  fmoke,  fire, 
and  flame,  and  fhake  the  neighbouring  ground  (p), 

27.  We  are  told  that  the  governor  of  a  certain  noble  youth  having  endea¬ 
vour’d  by  all  his  perfuafions,  but  to  no  purpofe,  to  reform  the  difiolute 
manners  of  his  pupil,  whereby  he  difgrac’d  his  birth  and  anceftors ;  de- 
fpairing  of  doing  any  good,  he  had  recourfe  to  a  chemical  ftratagem,  which 
fucceeded  to  his  wifh.  As  the  gracelefs  youth  lay  afleep  in  the  fame  cham¬ 
ber  with  his  governor,  the  latter  rofe  privately  in  the  middle  of  the  night, 
and  upon  a  board  within  the  bed-tetter,  near  the  feet  of  the  perfon  afleep, 
wrote  his  name  in  large  letters  with  the  Englijh  phofphorus,  adding  three 
other  words  to  admonifh  him  to  repent  or  expedt  prefent  death.  This 
done,  he  retires  quietly  to  bed,  and  making  a  noife  foon  after  wakes  the 
youth,  but  feems  himfelf  all  the  while  faft  afleep ;  the  other,  ftartled  with 
the  noife,  rears  himfelf  in  his  bed,  and  anxioufly  calls  out  to  know  the 
caufe  of  the  difturbance,  to  which  he  received  no  anfwer  but  feigned  fnoarsy 
till,  looking  about,  he  fees,  with  the  utmoft  horror,  the  blue  blazing  let¬ 
ters  ;  upon  which  he  calls  his  companion,  and  lhows  him  the  writing  ;  who 
protefting  that  he  could  fee  nothing,  help’d  to  increafe  his  fright.  Servants 
were  then  called  to  bring  candles,  upon  the  appearance  whereof  the  letters 
difappear’d  ;  they  too  denying  that  they  faw  any  thing,  he  at  laft  was 
furprized  to  find  the  writing  vanifhed.  The  fervants  quit  the  room,  leaving 
a  candle  which  fhone  upon  the  board  •,  the  tutor  flaying  with  his  frighted 
difciple,  perfuaded  him  to  go  to  deep,  afcribing  what  had  patted  to  a  dream ; 
and  returning  himfelf  to  bed,  puts  out  the  light :  but  the  poor  youth  no 
fooner  caft  his  eyes  towards  the  fatal  place,  than  the  fame  letters  appear’d 
anew,  which  occafions  a  new  outcry  :  his  tutor  hereupon  feigning  himfelf 
affrighted,  owns  with  trembling  that  he  faw  the  letters,  and  takes  that  oppor¬ 
tunity  to  advife  his  ward  to  obey  the  miracle,  and  repent  in  earned; :  then 

bringing 

( p) )  This  Sir  If  Newton  folves  on  the  prin-  “  little  water,  made  into  a  pafte,  afts  upon  the 
ciple  of  attra&ionf  which  occafions  that  “even  “iron,  and  in  five  or  fix  hours  grows  too 
“  the  grofs  body  of  fulphur  powder’d,  and  “  hot  to  be  touch’d,  and  emits  a  flame.”  Opt. 

“  with  an  equal  weight  of  iron-filings,  and  a  p.354. 
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bringing  in  candles  afrelh,  removes  him  into  another  room)  fits  up  with 
him  the  reft  of  the  night,  and  thus  reclaims  him.  If  this  be  really  true,  as 
I  have  frequently  heard  it  related,  it  is  an  inftance  of  natural  magic  borrow’d 
from  chemiftry  •,  if  it  be  only  fiditious,.yet  all  who  converfe  in  the  art  muft 

allow  that  the  fame  might  be  done  by  phofphorus. - If  the  phofphorus 

abovemention’d  be  duly  mix’d  and  diluted  with  fome  foft  oil,  fo  that  it 
may  be  fmear’d  over  the  Ikin  of  a  man’s  body  without  burning  it  •,  then 
upon  walhing  the  face  with  fome  of  this  oil,  it  will  Ihine  in  the  dark  to  the 
amazement  of  the  beholders  :  yet  as  foon  as  light  is  brought  into  the  place, 
the  fpedacle  difappears  *,  but  taking  away  the  light  again,  the  face  will  be¬ 
come  luminous  as  before  j  than  which  fcarce  any  thing  can  be  feen  more 
furprizing.  The  face,  hands,  hair,  beard  of  a  man  thus  anointed,  appear¬ 
ing  to  thofe  unacquainted  with  the  thing,  as  I  know  not  how  angelical,  or 
divine  ;  this  is  a  fufficient  foundation  for  drawing  the  croud  into  a  perfua- 
fion  of  any  thing. 

28.  I  muft  not  forget  an  experiment  which  has  often  been  publickly  made, 
viz.  that  two  cold  liquors,  upon  mixing  them  together,  immediately  yield 
an  intenfe  heat,  and  burft  out  into  a  real  and  beautiful  flame.  This  fucceeds 
even  at  mid-day,  to  the  amazement  of  the  by-ftanders  ;  but  much  more 
fo  in  the  dark,  when  the  thick  fmoak,  mixing  with  the  dazling  light  of  the 
flames,  gives  the  whole  a  terrible  appearance.  I  fcarce  know  of  any  thing 
among  the  magic  wonders  related  by  hiftorians,  fo  furprizing  as  this  expe¬ 
riment  ;  and  yet  the  whole  is  performed  by  only  taking  two  drachms  of  the 
one,  and  one  of  the  other.  If  feveral  pounds  were  uled  of  each,  an  im- 
menfe  fmoak  and  vehement  flame  would  arife,  which  refilling  all  confine¬ 
ment,  would  feize  and  burn  every  thing  inextinguifhably  ;  and  immediately 
kill  all  that  were  near.  Yet  there  is  nothing  more  wonderful  in  this,  than 
that  if  the  mixture  be  made  in  an  exhaufted  receiver,  it  will  ad  with  fo 
much  the  more  violence,  and  in  a  moment’s  time  burft  every  thing,  and 
fly  about  with  a  force  greater  than  that  of  a  whirlwind.  This  would  be  a 
very  different  fire  from  that  raifed  by  Medea  on  Creufa* s  head  ;  fince  by  this 
means  a  whole  palace  might  be  foon  flung  down,  and  burnt  at  once.  Who  ever 
heard  of  fuch  terrible  effeds  produced  by  magic  power,  as  thofe  which  arife 
from  balfam  of  fulphur  terebinthinated,  confined  in  a  glafs,  and  agitated  by 
a  fierce  fire :  it  goes  off  with  a  loud  crack,  burfts  the  glafs,  and  produces 
other  fuch  extraordinary  effeds,  that  among  all  the  ftrange  accounts  I  have 
met  with  of  thunder  and  lightning,  I  don’t  remember  any  that  may  match 
it  ?  An  account  of  this  Hoffman  has  given  us  (q)  *,  and  in  him  you  will  meet 
with  inftances  of  things,  that  would  have  feem’d  impoflible  in  nature.  He 
alfo  relates  an  extraordinary  event  from  fpirit  of  wine,  which  a  cooper  had 
put  in  a  ftrong  wooden  calk  with  lighted  fulphur,  and  immediately  well 
ftop’d  upon  which  follow’d  a  difploficn  of  the  veffel,  with  other  effeds 

almoft  incredible. - Again,  how  oft  by  the  chemift’s  art  have  all  kinds  of 

colours  been  in  a  fmall  fpace  of  time  produced,  deftroyed,  regenerated,  and 
changed  in  a  clear  glafs  ;  after  a  manner  perfedly  furprizing,  and  feemingly 
beyond  the  power  of  magic,  to  thofe  who  are  unacquainted  in  fuch  matters. 

C  C  2  20, 

(? )  See  Fred.  Hdjfmanni  Qb fern  at.  Phyfico-cbymic.  Lib.  iii.  Obfern.  1 5, 

s 


196 


The  Theory  ^Chemistry. 

2 9.  But  thefe  is  no  end  of  thefe  things  ;  and  it  may  fuffice  to  have  given 
thefe  few  inftances  of  the  ufe  of  chemiftry  in  natural  magic.  Give  me 
leave  to  add  a  few  reflections  which  occur  on  this  matter.  Mankind  are 
fo  form’d  by  the  Creator,  as  that  when  grown  up,  and  efpecially  if  in  a  flat® 
of  health,  they  have  a  power  of  perceiving  certain  changes  and  properties  of 
the  bodies  around  them,  by  means  of  organs  contrived  in  their  own  frame  ; 
which  undergoing  fome  changes  from  external  bodies,  raife  ideas  thereof  in 
the  underftanding,  though  after  a  manner  little  known.  The  firft  time 
fuch  obfervation  is  made  in  a  man’s  iife,  it  fills  him  with  wonder  and  a- 
mazement,  ftriking  him  ufually  with  an  intenfe  pleafure,  and  fometimes 
even  difordering  and  unhinging  his  natural  reafon.  A  perfon  who  from 
his  childhood  had  been  quite  blind  by  two  cataraCts,  being  happily  couch’d 
for  the  fame  by  a  fldlful  operator,  and  thus  brought  in  one  moment  to  his 
fight,  was  fo  fmit  with  the  exquifite  pleafure  he  felt  upon  viewing  external 
objects,  that,  according  to  Mr.  Boyle's  relation,  he  was  on  the  point  of 
fwooning ;  which  oblig’d  them  to  tie  up  his  eyes,  and  bring  him  to  the 
light  by  flow  degrees,  admitting  only  a  little  at  a  time,  by  which  bo- 
coming  gradually  accuftomed  to  the  thing,  he  was  no  longer  affeCted  as  at 

firft. - So  the  author  of  nature  has  taken  care  that  the  eyes  of  new-born 

infants  have  always  their  aqueous  humour  turbid,  which  grows  tranfparent 
by  degrees:  the  fame  has  wifely  ftopt  the  external  orifice  of  the  meatus  au~ 
ditorius  of  infants  with  a  kind  of  callous  membrane,  which  feparates  the 
curved  length  from  the  duCt,  whereby  founds  are  fo  much  augmented  ;  left 
the  firft  noifes  fhould  prove  hurtful  to  them  ;  but  as  they  grow  accuftomed 
thereto,  the  thick  cover  falls  off,  and  the  ftentorian  tube  is  left  in  perfection, 
by  reafon  a  ftronger  found  may  then  be  fafely  born.  Hence  appears  the 
abfurdity,  upon  the  birth  of  princes,  of  expofing  their  tender  organs  to  the 
iight  of  a  multitude  of  tapers,  and  difcompofing  them  with  the  loud  dif- 
charge  of  cannon  around  them.  Let  thefe  be  either  omitted,  or  defer’d  to 

fome  after-time. - But  to  return  •,  ’tis  well  known  how  differently  we  are 

affeCted  by  ufual  things  from  thofe  which  are  unufual ;  by  which  means  we 
are  led  into  an  opinion  that  we  know  the  caufes  of  the  former,  which  is  an 
utter  delufion  owing  to  cuftom  •,  but  the  latter  generally  appear  miraculous* 
and  we  can  hardly  be  induced  to  believe  them  owing  to  natural  caufes-. 
When  therefore  any  ufual  appearances  occur,  how  little  fbever  known  by 
their  caufes,  we  make  no  difficulty  of  calling  them  natural  things  i  but  when 
other  appearances  turn  up,  to  which  we  are  utter  ftrangers,  we  immediately 
proclaim  them  beyond,  or  above  the  power  of  nature.  As  often  therefore  as 
any  phyfical  ‘phenomena  arife  not  from  thofe  powers  of  nature  which  obtain  in  the 
bodies  we  are  daily  converfant  among,  but  which  are  peculiar  to  fome  certain 
ones,  which  we  had  never  obferved  before,  we  immediately  fufpeCt  fomething 
of  magic  concern’d.  A  great  general,  the  Count  de  Furjlenbourg,  going  into 
an  artificer’s  fhop,  where  a  perfon  was  filing  metals  to  make'  tools  ;  by  which 
a  mixture  was  produced  of  iron  filings  with  brafs  ones  ;  aik’d  the  work¬ 
man  in  a  jocofe  way,  what  he  would  have  to  make  a  perfect  feparation  of 
the  particles  of  brafs  from  thofe  of  the  iron.  A  trifle,  anfwers  the  work- 
#ian ,  whg  hereupon  applying  a  loadftone,  the  iron  particles  flew  to  it, 

leaving 
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leaving  the  brafs  ones  behind  it.  The  count  immediately  cried  out  magic, 
having  never  feen  nor  heard  of  any  thing  like  it  before  j  though  otherwife 
a  great  foldier,  and  an  able  commander  (r). 

30.  The  like  we  are  all  forward  to  do  upon  feeing  any  unufual  change  in 
bodies,  depending  on  fome  innate  powers,  which  only  fhow  themfelves 
when  the  bodies  are  prepared  after  feme  peculiar  manner,  either  by  art  or 
chance.  Of  this  it  will  be  eafy  to  produce  inftances.  The  cold  fait  of  nitre 
well  dried,  and  mix’d  with  half  the  quantity  of  pure  oil  of  vitriol,  and  driven 
over  by  force  of  fire  into  a  dry  glafs  receiver,  appears  in  form  of  a  ruddy, 
volatile,  fiery,  acid,  fpirit,  and  becomes  a  liquor,  which  neither  nature,  nor 
art,  produces  after  any  other  manner,  except  this  invented  by  Glauber. — - 
Divers  vegetables,  which  were  produced  in  the  hottell  climates,  being  ex¬ 
tremely  aromatic  and  acrimonious,  yet  if  they  be  well  boil’d  with  fair  wa¬ 
ter,  and  the  vapour  kept  in  by  a  proper  head,  and  cool’d  by  pafiing  thro’  a 
tin  worm,  fix’d  in  a  vefiel  fill’d  with  cold  water,  will  come  out  in  form  of 
water,  and  yield  an  oil,,  which  fubfiding  by  its  weight  under  water,  per¬ 
fectly  contains  the  virtues  of  the  plant  it  was  drawn  from  :  and  this  is  the 
only  way  of  producing  fuch  liquor. — We  have  here  therefore  two  factitious 
liquids,  both  cold  ;  to  one  of  which,  viz.  the  oil,  if  to  one  part  you  pour 
twice  as  much  of  the  other,  viz.  the  fpirit  above -deferib’d,  a  great  ebulli¬ 
tion  will  immediately  arife,  and  the  mixture  will  emit  flames,  which  burn 
every  thing  (r), 

31.  Thus  we  fee  an  effeCt,  the  caufe  whereof  is  lodg’d  by  God  in  thefe 
bodies  ;  yet  fo  as  that  it  never  becomes  manifeft  to  man,  except  by  thefe 
contrivances,  precifely  thus  applied :  and  hence  the  railing  fuch  an  ebullition 
and  flame  only  appears  to  be  feafible  on  the  three  above-mention’d  condi¬ 
tions,  and  never,  otherwife.  By  this  it  appears,  how  little  men  may  fafely 
pronounce  concerning  the  powers  of  bodies,  in  whatfoever  age  they  live : 
there  being  ftill  more  furprizing  things  hidden  in  the  fecret  powers  of  na¬ 
ture,  than  all  thofe  which  at  that  time  had  been  already  difeover’d.  Add, 
we  frequently  find  that  things  known  in  former  ages,  but  fince  loft, 
and  not  committed  to  writing,  when  they  happen  to  be  recovered,  raife 
new  admiration  of  the  wonderful  powers  of  nature  :  but  enough  on  this 
head,  which  would  lead  me  into  an  infinite  detail,  were  I  to  infill  on  every 
point  as  it  deferves. 

32.  The  art  of  cookery,  called  alfo  the  culinary  art,  is  one  of  thofe  moft  Cooierv . 
ufeful  to  mankind  ;  being  employ’d  in  the  prefervation,  changing,  and  or¬ 
dering  of  foods  j  fo  as  to  make  them  fitteft  for  the  fervice  of  human  life. 

This  art,  which  provides  for  the  healthy,  as  phyfic  does  for  the  lick,  is 

doubtlefs 

(r)  See  Z winger.  Theatr.  239.  “  thicken’d  with  a  little  balfam  of  fulphur  ; 

(•0  “  Oil  of  vitriol  being  drawn  off  from  “  the  liquors  grow  fo  very  hot  in  mixing,  as 
“  its  weight  of  nitre,  and  from  both  the  in-  “  prefently  to  fend  up  a  vehemently  burning 
“  gredients  a  compound  fpirit  of  nitre  di-  “  flame  :  Does  not  this  great  and  fudden  heat 
“  ltill’d }  and  two  parts  of  this  fpirit  poured  “argue  that  the  two  liquors  mix  with  vio- 
“  on  one  part  of  oil  of  cloves,  or  caraway  “  lence,  and  that  their  parts  in  mixing  run 
u  feeds,  or  of  any  ponderous  oil  of  vegetable  •*  towards  one  another,  with  an  accelerated. 

“or  animal  fubitances,  or  oil  of  turpentine  “  motion,  and  clalh  yvith  the  greatelt  force 

*  Newton,  ubi  ftp  ra. 
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doubtlefs  of  great  antiquity,  and  perhaps  not  much  later  than  man  himfelFj 
yet  may  ftill  receive  great  improvements  from  the  art  of  chemiftry.  The 
(ingle  acid  fpirit  procur’d  from  fea-falt,  being  diluted  with  a  due  quantity  of 
water,  preserves  flefh,  fifh,  and  other  meats  from  putrefaction  ;  gives  them 
an  agreeable  tafte,  and  fits  them  for  eafy  digeftion  ;  and  even  turns  the  pu¬ 
trid  effeCts  of  clofe  weather  into  nutriment  itfelf,  and  cures  the  difeafes  ari- 
fing  therefrom.  Hence  it  is  not  eafy  to  fay,  of  how  much  advantage  it  is 
to  feafaring  people,  who  travel  into  other  climes  ;  where  by  reafon  of  the 
excefhve  heats,  they  are  forced  to  feed  on  putrefied  water,  (linking  fifh 
and  flefh,  rufty  bacon,  and  the  like. 

33.  On  this  account  Glauber  deferves  his  praife,  who  wrote  feveral  trea¬ 
ties  on  the  confolation  of  failors ,  the  profperily  of  Germany,  and  the  like  ; 
wherein  he  gives  many  things  to  this  purpofe  ;  and  teaches  how  perfons 
may  carry  about  with  them  in  a  little  vial,  without  incumbrance,  a  liquor, 
of  which  a  few  drops  will  be  of  excellent  falutary  ufe  :  How  from  putre¬ 
fied  barley,  now  called  malt,  when  diffolv’d,  purify’d,  infpiffated,  and  pre- 
ferv’d  from  the  air,  a  nutritious  liquor  may  be  made,  a  fmall  quantity  of 
which  may  ferve  for  the  fupport  of  life  :  How  from  this  liquor  and  wheat* 
flower,  bifcuit  may  be  made,  which  fhall  keep  uncorrupted  for  the  longed 
time,  and  prove  an  excellent  food.  Boyle ,  in  his  celebrated  work  of  the 
ufefulnefs  of  experimental  philofophy ,  relates  feveral  eafy  ways,  chiefly  bor¬ 
row’d  from  chemiftry,  for  preferving  flefh,  fifh,  eggs,  new,  roafted  or 
boil’d,  for  the  longeft  fpace.  The  fame  art  alfo  affords  us  feafonings  and 
pickles,  to  hinder,  flop,  or  correCt,  the  beginnings  of  putrefaction. 

Art  of  wines.  34.  The  juice  of  berries,  apples,  and  almofl  all  fummer-fruits,  well  ri¬ 

pen’d,  being  prefs’d,  boil’d,  and  infpiffated,  affords  a  durable  mafs  ;  a  quan¬ 
tity  of  which  being  again  diluted  in  water,  even  in  the  winter-feafon,  yields 
its  primitive  flavour  ;  whether  it  be  prepared  with  fugar  or  without. 
The  fame  juice  being  exprefs’d  in  the  vintage-time,  works,  froths,  after 
which  the  lees  fubfide  •,  and  thus  is  wine  made,  the  whole  procefs  whereof 
is  borrow’d  from  chemiftry  :  the  feveral  defeCts  alfo  which  befall  wine, 
and  the  difeafes  arifing  in  it,  may  be  prevented  or  cured,  by  means  drawn 
from  chemiftry.  Thus  if  it  begin  to  work  again  out  of  feafon,  or  turn 
four,  turbid,  ropy,  or  the  like,  remedies  are  fupplied  by  our  art :  or  if 
it  be  defir’d  to  make  vinegar  of  wine,  the  fame  art  will  furnifh  a  method. 
It  alfo  teaches  to  prepare  the  fame  from  any  other  pulpy  fruit. 

34.  Grapes,  cherries  of  all  kinds,  goofberries,  barberries,  rafberries,  elder¬ 
berries,  pears,  apples,  and  plumbs,  though  fo  different  in  kind,  may  yet  all 
be  fo  manag’d  by  a  fkilful  chemift,  as  to  yield  a  vinous  liquor;  which 
with  a  little  help,  becomes  nearly  of  the  fame  flavour  and  ftrength  ;  being 
in  reality  always  of  the  fame  nature.  So,  for  inftance,  the  firft:  liquor  which 
rifes  from  them,  by  a  moderate  fire,  is  always  fpirituous,  inflammable,  and 
mifcible  with  water  ;  and  this  liquor,  if  well  purified  by  the  chemifts  art, 
will  always  be  found  the  fame,  from  which  foever  of  the  above-mention’d 
fruits  it  was  procured.  Hence  the  happy  ifland  of  Great  Britain  has  fmall 
reafon  to  complain,  that  her  otherwife  fruitful  foil  does  not  ripen  grapes 
to  fo  much  advantage  ;  fince  indulgent  nature  has  furnifhed  her  with  apples, 

from 
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from  whence,  by  an  eafy  method,  wine  is  made,  which  may  vie,  both  in 
fragrancy  of  fmell,  and  pleafantnefs  of  tafte,  with  the  beft  wines  of  France , 
Spain ,  or  Italy..  The  Butch  rarely  make  any  good  wine  of  their  grapes  ; 
but  of  their  currant-berries,  goofberries,  and  green  elder- berries,  they  make 
wines  nothing  inferior  to  the  produce  of  the  hotter  climates.  Laftly,  herbs 
themfelves,  by  fermentation,  will  yield  a  fpirit  which  though  Jefs  in 
quantity,,  yet  as  to  ftrength  is  little  inferior  to  that  procured  from  the  richer 
fubjedtSi.  All  thefe  being  duly  prepared,  we  are  taught  by  chemiftry  to 
fmoak  them  with  burnt  fulphur  ;  in  order  to  prevent  their  working  a-new, 
as  well  as  to  preferve  their  tafte  from  turning  flat  and  vapid.  Chemiftry 
alfo  teaches  us  to  correct  their  too  great  aufterity,  by  a  fmall  mixture  of 
fait  of  burnt  lees  of  wine  ;  if  too  (harp  or  four,  the  remedy  is  to  add  a 
proper  quantity  of  crabs  eyes  or  chalk  in  powder.  A  vile  pradtice  formerly 
obtain’d,  which  has  fince  been  feverely,  but  juftly  punifhed,  of  tempering 
the  rough  four  Rhenijh  wines  with  lead,  which  gave  them  a  grateful  lufcious 
richnefs,  but  fubjedted  the  drinkers  to  an  incurable  palfy  :  this  too  was  a 
difcovery  of  chemiftry. 

35.  The  countries  which  do  not  afford  wine  were  taught,  by  Ifis  and  OJiris, 
a  manner  of  preparing  beer  from  corn  ;  which  was  appofitely  denominated 
Cereris  vinum,  or  the  wine  of  Ceres.  Accordingly,  Corn.  Tacitus  relates,  that 
the  ancient  Germans  made  a  wine  of  corrupted  corn.  This  art  does  fo  imme¬ 
diately  belong  to  chemiftry,  that  both  of  them  had  their  rife  from  the  fame 
country,  viz.  Egypt.  And  Bafil  Valentine  has  given  the  whole  dodtrine  of 
alchemy,  in  the  Angle  defcription  of  brewing,  or  the  manner  of  preparing 
beer  ;  which  he  traces  minutely  thro’  all  its  branches,  and  delivers  with  no 
lefs  accuracy  than  elegance  (/).  In  effedt,  as  wine  and  beer  differ  fo  little 

from 

“  of  cleanfing  the  blood,  and  removing  ob- 
“  ftrudions  ;  and  that  it  was  added  to  the 
“  modern  beers  to  correct  the  ill  qualities 
“  charged  on  the  beer  of  the  ancients,  which 
“  differed  from  ours,  in  that  it  was  made 
“  without  hops.” 

In  order  for  brewing,  the  barley  is  firft  to 
be  made  into  malt ;  which  is  done  by  putting 
it  into  a  ciftern  full  of  water  wherein  it  may 
keep,  for  a  longer  or  lefs  time,  as  the  wea¬ 
ther  is  more  or  lefs  cold  ;  two  days  and  nights 
fufficing  in  hot  weather,  and  five  or  fix  in 
extremely  cold  :  when  fufficiently  fteep’d,  the 
water  is  drain’d  off,  for  twelve  or  twenty 
hours;  then,  being  taken  out,  it  is  couched 
or  heaped  up  into  one  or  two  heaps,  and  turn’d 
every  five  or  fix  hours,  the  outermoil  part  in¬ 
wards,  and  the  bottom  upwards.  As  it  comes 
or  fprouts,  it  is  fpread  thinner  to  cool,  and 
prevent  its  coming  too  fall:  when  come,  it 
is  fpread  very  thin,  and  turn’d  twelve  or 
twenty  times  a  day,  till  the  fprout  is  dead  : 
then  it  is  again  thicken’d  on  the  floor,  and 
turn'd  as  before ;  great  care  being  taken  that 
it  neither  mould  nor  become  acro-fpired,  that 

is, 


(/)  Matthiolus  takes  the  seythum,  and  cur  mi, 
to  be  the  fame  with  the  beer  or  ale  drank  in 
England,  Germany,  &c.  and  that  the  only 
difference  between  the  zythum  and  curmi  lay 
in  the  manner  of  the  preparation,  which  ren¬ 
der’d  them  either  weaker  or  flronger.  In  a 
famous  difpute  at  Paris,  in  the  year  1688, 
on  the  fubjed  of  the  bakers  ufing  the  yeaft  of 
ale  and  beer  to  leaven  their  dough,  Meff. 
Patin,  Prayer,  Blondel,  and  Courtois,  fpeak 
of  that  liquors  in  the  following  terms :  “  Beer, 
“  fays  Corn.  Tacitus,  that  unhappy  beverage, 
“  made  of  hops,  and  wheat  or  barley,  cor- 
“  rupted  with  damaged  water,  was  no  fooner 
“  difcover’d  than  it  was  condemn’d  by  Diof- 
“  corides,  Galen ,  and  other  of  the  greatefl 
“  phyficians.  They  all  charge-  it  with  pre- 
“  judicing  the  head,  nerves,  and  membranous 
“  parts,  of  vitiating  the  animal  juices,  and 
“  of  caufing  a  more  obflinate  and  painful 
“  drunkennefs  than  wine.”  Other  phyficians 
vindicated  it,  particularly  Meff.  Perrault,  and 
Rainffant ;  who,  among  other  things,  infilled 
that  “  the  hop  was  not  a  noxious  herb,  but 
45  on  the  contrary  ,had  apparently  the  faculty 
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from  each  other  •,  what  we  have  above  related,  concerning  the  uTc  of 
chemiftry  in  the  hiftory  of  wine,  may  be  eafily  applied  to  the  art  of 
-brewing. 

3 6.  By  all  that  I'have  hitherto  delivered,  it  appears,  that  chemiftry  is  of 
great  ufe  and  extent  thro*  all,  or  at  leaft  the  chief  of  the  mechanical  arts  : 
fo  that  they  who  cultivate  them  might  truly  be  called  artificers,  and  make 
incredible  improvements  in  their  feveral  provinces,  if  at  the  ft  me  time  they 
were  ftdlled  in  chemiftry.  Confequently  there  are  many  and  weighty  rea- 
fons  to  induce  men  to  fuperadd  chemiftry  to  all  the  other  fciences  em¬ 
ployed  in  the  confideration  or  changing  of  bodies  ;  and  lafcly  carefully  to 
obferve,  and  faithfully  write  down,  fuch  effects  as  arife  therefrom,  to  be 
afterwards  reduced  into  order,  and  made  pubiick  :  that  by  a  number  of 
contributions,  thus  brought  from  all  quarters,  the  arts  may  at  length  be 
brought  to  perfection.  What  was  in  my  power,  I  have  endeavoured  to 
perform  in  this  undertaking  *,  wherein,  tho*  I  make  no  great  advances,  I 
am  of  fome  ufe  ;  as  I  have  fet  an  example  of  labour  before  you,  which, 
with  the  advantage  of  genius,  may  lead  you  on  to  make  much  greater  dif- 
.coveries. 

37.  I  come  now  to  add  a  few,  but  candid  and  ingenuous  confiderations, 
on  the  great  ufe  of  chemiftry  in  alchemy.  To  fpeak  my  mind  freely,  I 
have  not  met  any  writers  on  natural  philofophy,  who  treat  of  the  nature  of 
bodies,  and  the  manner  of  changing  them,  fo  profoundly,  or  explain’d  them 
fo  clearly,  as  thofe  called  alchemifts.  To  be  convinced  of  this,  read  care¬ 
fully  their  genuine  writings:  for  inftance,  that  piece  of  Raymund  Lully , 
which  he  entitles  Experiments  ;  you  will  find  him  with  the  utmoft  clear- 
nefs  and  fimplicity,  relating  experiments,  which  explain  the  nature  and  ac¬ 
tions  of  animals,  vegetables,  and  foflils.  After  this,  you  will  hardly  be 
able  to  name  an  author,  wherein  phyfical  things  are  treated  of  to  fo  much 
advantage. 

38.  The  bodies,  which  chemiftry  refolves  before  our  eyes,  afford  demon- 
ftrations  which  call  for  our  aftent,  infinitely  more  cogently  than  any  words 
could  do  i  by  thefe  we  do  what  we  fay,  and  what  we  teach  we  perform  :  In- 
•fomuch,  that  thefe  writers  feem'  to  have  attempted  to  build  that  body  of 
philofophy,  wifh’d  for  by  the  great  Lord  Bacon  viz.  a  philofophy,  which 
ihould  lay  down  fuch  powers  of  bodies,  as  the  bodies  themfelves,  v/hen 

prefent 


is,  that  the  blade  don't  grow  out  at  the  end 
oppofite  to  the  root,  or  the  malt  come  and 
fprout  at  both  ends.  The  preparation  is  fi- 
nifhed  with  drying  it  on  the  kiln,  by  fpread- 
ing  it  on  a  hair-cloth,  or  a  tin  bottom  full  of 
holes,  over  a  brifk.  turf  or  charcoal  fire ; 
itirring  and  turning  it  from  time  to  time. 

Now  to  proceed  to  the  operation  of  breavin^ 
itfelf;  they  boil  a  quantity  of  water,  and  pour¬ 
ing  enough  of  it  upon  the  malt,  in  a  malhing 
tub,  to  wet  the  malt  as  ftifr  as  it  can  be  well 
rowed  about ;  after  Handing  a  quarter  of  an  hour, 
.another  portion  of  water  is  added,  and  the  row- 
jng  repeated  :  Iaftly,  the  full  quantity  of  water 


is  added,  according  to  the  intended  Hrength 
of  the  beer  or  ale.  The  whole  having  ilood 
two  or  three  hours,  is  drawn  off  into  a  re¬ 
ceiver,  and  frelh  water  thrown  on  for  a  fe- 
cond  wort ;  which  is  to  be  cooler,  and  to 
Hand  lefs  time  than  the  former.  The  two 
worts  being  mix’d,  and  the  hops  added,  the 
whole  is  put  into  a  copper  well  covered,  and 
clos’d,  there  to  boil  an  hour  or  two.  Which 
done,  the  liquor  is  let  into  a  receiver,  and  the 
hops  drain’d  therefrom  :  when  cold,  the  yeaH 
is  added,  and  after  fermenting  or  working,  it 
remains  to  be  tunn’d  up. 
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prefent,  really  exhibit  effects  to  warrant ;  and  confequentfy  fhould  aflign 
filch  caufes  of  things,  as  being  given,  will  readily  produce  the  things  them- 
felves  :  fo  that  when  it  pleafed  it  could  do  what  it  taught. 

39.  They  laugh’d  at  thofe  fubtile  univerfal  caufes,  fought  for  only  by  fpc- 
culation  ;  the  knowledge  whereof  did  not  render  the  inquirers  more  fit  for 
efFe&ing  any  thing,  and  of  which  the  fchoolmen  obtruded  more  than  enough. 
Hence  they  are  continually  inculcating,  that  man  cannot  by  any  art  go  be¬ 
yond  the  powers  imprefs’d  by  the  Creator  on  bodies  of  which  powers  fuch 
as  are  of  neceflary  ufe  to  life,  are  obvious  enough  ;  but  others  lie  lefs  appa¬ 
rent,  and  are  only  revealed  to  thofe  who  feek  them  with  great  labour  and  in- 
duftry,  but  that  both  are  equally  natural.  That  a  man,  therefore,  poflefled 
of  all  knowledge  of  things,  both  paft  and  to  come,  would  never  be  able  to 
create,  or  make  the  lead  thing  ;  for  inftance,  a  grain  of  muftard-feed  ;  or 
produce  it  out  of  matter,  which  was  not  muftard-feed  before.  That  wife 
men  obferve  the  works  of  nature  as  they  offer  themfelves,  and  then  by  ex¬ 
periments  endeavour  to  learn  the  laws  *,  which  the  Creator  has  impreffed  on 
his  work,  and  in  what  manner  each  thing,  according  to  its  peculiar  nature, 
arifes,  is  produced*  or  perfe&ed  ;  the  principal  of  which  laws  is,  that  all 
things  arife  from  other  fimilar  pre-exiftent  ones  ;  plants  from  plants,  animals 
from  animals,  and  foflils  from  foflils.  That  all  power  of  propagating  is 
contained  in  the  feminal  matter  alone  ;  which  converts  every  crude  thing 
it  takes,  into  its  own  form,  and  affimilates  it  to  itfelf.  That  to  have 
an  offspring  from  this  femen  always  requires  a  male  father,  and  female 
mother ;  fo  that  nothing  is  ever  produced  without  the  natural  copulation 
of  thefe  two.  A  prolific  feed  being  given,  lodg’d  duly  in  a  matrix  in¬ 
tended  for  it,  and  fupplied  and  cherifhed  with  due  food  and  warmth  for  a 
proper  time,  an  offspring  arifes  like  the  parent :  But  if  thefe  be  difturbed, 
an  abortion  will  arife,  inftead  of  the  thing  defired.  So  that  fince  the  cre¬ 
ation  was  compleated,  no  new  thing  can  poflibly  arife ;  but  only  fimilar 
things  to  thofe  already  in  being  are  produced  from  them  by  means  of  feeds. 
That  after  this  manner  any  created  being  may  be  multiplied  ad  infinitum , 
fuppofing,  we  mean,  a  proper  feed.  So  that  the  whole  earth,  for  inftance, 
might  be  cover’d  with  fennel,  if  the  feeds  it  yields  yearly  were  fown  again, 
and  duly  cultivated.  They  have  alfo  obferved,  that  certain  of  the  more 
fimple  bodies  have  ordinarily  no  feminal  power,  and  confequently  do  not 
increafe  nor  tranfmute  others  into  their  own  nature ;  but  either  ferve  for 
giving’ motion  to  other  bodies,  as  fire  ;  or  as  a  vehicle  for  conveyance  of  the 
nutriment,  as  water  *,  or  to  give  firmnefs  and  folidity  to  bodies,  as  in  true 
and  pure  earth  :  All  which  being  found,  by  a  multitude  of  experiments,  to 
obtain  throughout  all  nature ;  they  concluded,  by  parity  of  reafon,  that  the 
fame  mull  alfo  obtain  in  foflils.  For,  the  great  fimplicity  of  the  conftitution 
of  thefe,  excluded  all  organical  ftrudfcure  of  feed  ;  yet  there  was  found  fome 
innate  power,  whereby  they  were  able  to  prepare  and  apply  their  proper  nu¬ 
triment,  and  thus  continually  propagate  themfelves.  They  alfo  taught, 
that  the  fpirits,  called  prefiding  fpirits,  fealed  up  in  metals,  do  not  indeed 
appear  in  the  dead  metals,  but  become  manifefl:  in  them  when  refolved, 
opened  and  revivified  \  and  thus  produce  obvious  and  extraordinary  effedts. 

D  d  They 
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They  further  teach,  that  fomething  like  marriage  and  generation  obtains 
here  •,  there  being  an  impregnating  male,  and  fecundified  female,  by  whofe 
genital  power  a  propagation  fui  generis  is  effected  in  living  metals.  Nor  are 
they  filent  on  the  manner  wherein  living  metals  may  be  made,  with  what 
fire  to  be  governed,  in  what  proportion  mixed,  and  with  what  pabulum,' 
fed,  that  they  may  be  perpetually  multiplied.  They  add  alfo,  that  metals 
alone,  by  reafon  of  their  extreme  fimplicity,  admit  of  being  produced 
in  the  fhorteft  time,  from  a  heavy  mercurial  fluid,  and  a  fixing  feminal 
fulphurous  power,  intimately  mixed  by  force  of  fire,  and  thus  united  toge¬ 
ther  in  an  indifloluble  bond,  fo  that  mercury,  or  argentum  vivum ,  does  the 
office  of  mother,  and  fol  vivus ,  that  of  father :  that,  after  this  manner,  what 
is  performed  in  the  bofom  of  the  earth  by  fubterraneous  fire  in  a  long  fe- 
ries  of  years,  may  here  be  effebted  inftantaneoufly,  in  metals  properly  vivi¬ 
fied  by  art.  They  allow  alfo,  that  among  animals  and  vegetables,  this 
power  of  generation  is  always  limited  by  its  proper  time,  which  is  prefcribed 
by  nature  :  that  it  could  not  poffibly  be  otherwife,  by  reafon  of  the  fmallnefs 
of  the  feminal  fabrick,  and  the  numerous  different  parts,  out  of  which  it  is 
intricately  compofed  ;  as  alfo  by  reafon  the  live  fpark,  or  embryo,  in  the 
centre  of  the  prolific  fulphur,  is  fo  eafily  fpoil’d.  But  at  the  fame  time  they 
advance,  that  in  the  purer  metals,  as  gold  and  filver,  and  the  mother  of 
thefe,  mercury,  the  parts  are  fo  fimilar,  that  every  minute  particle  is  of  the 
fame  nature  as  the  largeft  mafs  :  that  they  are  likewife  fo  immutable,  as  not 
to  be  corrupted  either  by  a  fmall,  or  even  the  greateft  fire.  That  the  pro¬ 
lific  virtue,  therefore,  of  the  feed  refides  in  the  fire •,  and  thence  ads  very 
fpeedily,  and  in  a  moment’s  time  affimilates  a  convenient  mercurial  matter 
to  itfelf :  and  that  on  this  principle  it  is,  that  metals  may  be  generated  or 
multiplied  ;  and  that  the  philofopher’s  ftone  may  be  made  *,  concerning  which 
laft,  if  1  were  afk’d  my  opinion,  I  fhould  anfwer,  that  the  wife  Socrates , 
after  reading  a  moft  abftrufe  book  of  Heraclitus ,  being  afk’d.  what  he  thought 
of  it;  replied,  that  where  he  underftood  it,  he  found  it  excellent,  and  be¬ 
liev’d  it  to  be  fo  in  thofe  other  parts  he  could  not  comprehend,  which  re¬ 
quired  the  greateft  penetration  to  come  at.  So  where-ever  I  underftand 
the  alchemifts,  I  find  them  dtfcribe  the  truth  in  the  moft  Ample  and  naked,, 
terms,  without  deceiving  us,  or  being  deceived  themfelves.  When  there¬ 
fore  I  come  to  places,  where  I  do  not  comprehend  the  meaning ;  why- 
fhould  I  charge  them  with  falfhood,  who  have  fhewn  themfelves  fo  much 
better  fkill’d  in  the  art  than  myfelf ;  from  whom  I  have  learnt  many  things, 
in  thofe  parts  of  their  writings  where  they  thought  proper  to  fpeak  plain  ? 
It  is  faid  when  they  come  to  reveal  the  perfection  of  the  art,  they  then 
only  write  that  the  art  is  true,  in  order  to  animate  others  to  the  pur-., 
fuit  of  it  •,  but  that  they  may  not  publifh  a  fecret,  capable  of  being  abufed. 
to  fuch  ill  purpofes,  that  it  is  enough  for  them  to  point  out  the  way,  and' 
guard  from  error.  I  therefore  rather  lay  the  blame  on  my  own  ignorance 
than  on  their  vanity  Yet  I  have  often  doubted,  upon  reading  their  fecrets, 
whether  thefe  fkilful  perfons,  after  they  had  difcovered  fo  many  extraordi¬ 
nary  things  by  naked  obfervations,  might  not  by  a  too  great  quicknefs  of 
apprehenfion  anticipate,  and  relate  things  for  faCts,  which  they  concluded  might 
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be  done  •,  or  even  mull  of  neceffity  have  been  done,  if  they  had  perfifted 
in  the  purfuit.  ’Tis  certain  a  very  grave  alchemift,  Alexander  Suchthen ,  a 
difciple  of  Paracelfus ,  and  a  zealot  in  defending  his  doCtrine,  had  tried  fo 
many  things-«to  fo  little  purpofe,  that  he  concludes,  at  the  end  of  his  treatife 
of  antimony,  that  all  the  philofophers,  the  principal  of  whom  he  there 
recites,  had  died  before  they  brought  their  fpeculatious  to  an  iffue.  If 
this  be  the  cafe,  which  I  fhall  not  pretend  to  determine,  we  are  neverthelefs 
exceedingly  obliged  to  them  for  the  immenfe  pains  they  have  been  at,  in 
difeovering,  and  handing  to  us,  fo  many  difficult  phyfical  truths :  Info- 
much,  that  Lord  Bacon  juftly  compares  them  to  a  father,  who  on  his  death¬ 
bed  inform’d  his  lazy  fons,  of  a  fum  of  money  which  he  had  hid  under 
ground  in  his  garden.  After  his  death  they  went  to  digging,  in  hopes  of 
finding  the  treafure,  and  tho*  they  miffed  their  aim,  for  in  reality  there  was 
none  hid,  yet  they  fufficiently  enrich’d  themfelves,  by  the  large  crop  which 
the  ground,  in  confequence  of  this  tillage,  produced.  Thus  much  I  have 
long  ago  had  a  mind  to  fay,  concerning  the  knowledge  of  the  true  alche/ 
mills  in  phyfics  ;  left  fuch  Ikilful  artifts  ffiould  be  condemn’d  by  incom¬ 
petent  judges. — Now  the  chief  things  which  the  alchemifts  promife  are  as 
follow ; 

40.  To  make  the  philofophers  ftone*,  a  little  quantity  whereof  call  upon 
metals  in  fufion,  fhall  immediately  convert  all  the  true  mercurial  part  of  the 
metal  into  pure  gold  •,  better  than  any  that  is  dug  out  of  the  mines,  or  per¬ 
fected  by  the  refiner’s  art :  whilft  that  part  of  the  melted  metal,  which  was 
not  mercury,  is  immediately  burnt  and  blow’d  away.  This  ftone  is  faid  to 
be  equal  in  weight  to  gold,  brittle  like  glafs,  of  a  deep  red  colour,  and 
melting  like  wax  by  the  fire. 

41.  To  make  the  like  ftone  for  filver,  which  fhall  convert  all  metals, 
except  gold  and  filver,  into  the  fineft  filver. 

42.  To  exalt  and  perfeCt  the  philofophers  fton  eto  fuch  a  degree,  as  that 
when  projected  upon  a  quantity  of  gold,  melted  by  the  fire,  it  may  convert 
the  whole  fubftance  into  philosopher’s  ftone. 

43.  To  exalt  the  fame  ftill  further,  fo  as  that  being  projeCled  upon  pure 
quickfilver,  it  fhall  convert  the  whole  into  philofophers  ftone. 

44.  To  difeover  an  artificial  body  of  fuch  virtue  and  efficacy,  as  that 
being  applied  to  a  body  of  any  of  the  three  kingdoms,  it  fhall  improve 
its  natural  inherent  virtue,  fo  as  to  make  it  the  moft  perfeCt  thing  in  its  kind. 
Thus,  for  inftance,  if  applied  in  the  human  body,  it  will  become  an  uni- 
verfal  medicine,  and  make  fuch  a  change  both  in  the  folid  and  fluid  parts 
thereof,  as  fhall  render  it  perfectly  found,  and  even  maintain  it  in  that 
ftate,  till  the  parts  being  flowly  wore  away  and  fpent,  death  gently,  and 
without  any  ftruggle,  takes  poffeffion.  The  fame  it  would  alfo  do  in  any 
other  animal  ;  and  fomething  like  it  even  in  plants  themfelves,  if  convey’d 

into  their  roots,  and  increafe  their  fertility  to  a  great  degree. - Hence  this 

wonder-working  figment,  is  by  them  called  the  univerfal  ferment. 

45-  To  make  precious  ftones,  perfectly  like  the  native  ones. 

46.  To  ripen  the  bafer  and  more  imperfeCt  metals  into  gold,  by  con¬ 
tinuing  the  coCtion  and  purification  which  nature  had  left  fhort ;  for 

D  d  2  they 
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they  conceive  that  her  view  in  all  mines  is  to  generate  gold  at  laft  ;  viz.  out 
of  a  mercurial  matter  elaborated  by  the  fire,  and  refin’d  by  the  denfity  and 
purenefs  of  the  place ;  but  if  prevented  either  by  the  want  of  fire,  or  the- 
Joofenefs  of  the  paflages,  or  the  mixture  of  foreign  matters  with  the  mercury, 
fome  crude  heterogeneous  matter  is  produced,  which  is  ftill  capable  of  being 
chang’d  by  fire.  And  fuch  is  the  origin  of  all  metals,  (except  gold  and  (liver,) 
which  may  be  further  perfected  by  art,  and  converted  into  gold  and  filver. 
This  laft  opinion  however  is  not  univerfally  adopted  by  the  alchemifts,  but 
only  by  particular  ones.  In  reality,  it  appears  that  lead,  tin,  copper,  and 
iron,  are  as  perfect  bodies  in  their  kind,  as  gold  in  its  kind ;  having  always 
the  fame  precife  uniform  nature.  Accordingly,  copper  is  of  a  difpofition 
which  renders  it  equally,  if  not  more  fit  for  various  human  and  phyfical  ufes, 
than  filver  or  gold  themfelves  ;  notwithstanding  that  being  lefs  fimple,  it  is 
more  eafily  changed.  Nor  is  there  any  probability,  that  fuch  a  metal,  by 
any  further  codtion  of  the  fire,  or  reparation  of  heterogeneous  matters,  fhould 
ever  become  gold,  but  only  a  moft  perfect  copper  ;  and  the  fame  alfo  holds 
in  the  other  metals.  It  muff  indeed  be  allowed,  that  thofe  called  the  bafer 
metals,  when  long  detain’d  in  the  fire,  do]  always  yield  a  little  gold  ;  but 
whether  this  had  been  generated  there  by  maturation,  or  only  difpofed  by 
the  fire  for  feparation,  has  not  been  proved  ;  nor  can  I  eafily  conceive  how 
it  comes  that  lead,  which  is  the  heavieft  and  moll  folid  of  all  metals  after 
gold,  fhould  be  reputed  fo  much  further  from  the  nature  of  gold  than 
filver  is  held  to  be  ;  fince  the  Adepti  unanimoufly  agree,  that  the  only  ftan- 
dard  in  thefe  matters  is  to  be  taken  from  the  weight. 

47.  But  enough  is  faid  on  this  head :  we  are  always  to  remember,  that 
the  limits  of  nature  are  by  no  means  to  be  defined  by  us  j  things  are  taken 
for  impofiible  which  are  only  unknown  by  the  ignorant.  The  ancient  wri¬ 
ters  fpoke  fomething  of  a  perpetual  fire,  which  was  of  a  folid  nature,  and 
endured  even  under  water  ;  but  it  was  exploded  as  an  idle  chimaera ;  though 
the  fame  has  fince  been  actually  difeover’d  by  Kraft ,  and  prepared  by 
Kunkel ,  deferib’d  by  Boyle ,  further  explain’d  by  Nieuwentyt ,  and  more  am¬ 
ply  ftill  by  Hoffman.  Roger  Bacon*s  artificial  thunder  and  lightning  were 
long  laugh’d  at,  as  empty  fictions,  but  have  been  difeover’d  by  Schwartz  to 
be  too  true  ;  and  many  of  the  other  things  related  in  the  chapter  of  na¬ 
tural  magic  will  appear  much  more  incredible  to  thofe  unacquainted  with 
the  experiments,  than  that  lead  fhould  lofe  its  natural  form,  and  be  con¬ 
verted  into  gold.  Credulity  is  hurtful,  fo  is  incredulity  :  the  bufinefs  there¬ 
fore  of  a  wife  man  is  to  try  all  things,  hold  faft  what  is  approv’d,  never 
limit  the  power  of  God,  nor  affign  bounds  to  nature. 

48.  Before  I  proceed  to  other  matters,  give  me  leave  to  rehearfe  all  the  ap - 
paratusy.  which  the  alchemifts  have  declared  to  be  neceflary  for  performing 
their  grand  work.  Gold,  mercury,  and  fire,  are  by  all  allowed  as  requifite  in  the 
firft  and  higheft  degree  •,  then  lead,  iron,  and  antimony,  as  alfo  nitre,  and 
nitrous  fpirits  extracted  from  it.  A  melting-pot,  a  glafs  mortar  and  peftle, 
a  glafs  retort,  with  a  receiver,  and  pure  water  •,  a  furnace  and  bellows,  a  paper 
filtre,  a  glals  egg,  and  an  athanor  :  Laftly,  the  whole  expence  neceflary,  not 
to  exceed  200  fiorius ,  fetting  afide  labour  and  trouble, 
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i.  T  T  AV I N  G  explain’d  the  fubje<5ts  which  chemiftry  is  employ’d  on ;  and, 

X  JL  at  the  fame  time,  fhewn  the  chief  ufes  it  has  in  view  in  changing  the 
fame  ;  it  remains  to  relate  the  manner  wherein  thefe  are  to  be  obtain’d.  In 
order  to  this,  I  lhall  begin  with  the  inftruments  which  are  always  required 
when  any  thing  is  to  be  done  by  art.  If  a  perfon  afks  me  to  lhew  him  that 
which  gives  the  bitter  tafte  in  wormwood,  and  defires  it  to  be  drawn  fepa- 
rate  from  the  other  parts  of  the  plant ;  I  muft  firft  know  that  water, 
heated  almoft  to  a  degree  of  boiling,  will  perfectly  extract  this  bitter  part ; 
and  if  frefh  be  continually  poured  on,  and,  when  well  impregnated,  pour’d 
off  again,  till  after  a  number  of  repetitions  the  laft  water  comes  off  as  infipid 
as  it  went  on,  the  plant  will  be  left  intirely  deftitute  of  bitternefs,  and  the 
water  contain  all  that  was  bitter  in  it. — In  which  inftance  it  is  evident,  that 
water  and  fire  were  the  inftruments  ufed  in  this  operation. 

2.  In  all  arts  which  diredb  bodies  to  be  chang’d,  the  name  inftrument 
3s  given  to  certain  things  capable  of  a  particular  motion  ;  which  being  thence 
apply’d  to  the  body  intended  to  be  chang’d,  produces  the  requifite  change 
therein :  thus,  in  the  prefent  art,  there  are  certain  bodies  by  whofe  means 
the  requifite  actions  are  produced.  Thefe,  with  the  beft  chemifts,  we  ufually 
reduce  to  fix  principal  ones  ;  fire,  water,  air,  earth,  menftruums,  and  uten- 
fils  ;  which  are  to  be  well  underftood,  in  order  to  have  a  juft  notion  of  the 
operations  performed  by  them.  I  fhall  therefore  fpeak  of  each  in  the  order 
wherein  they  are  above- recited  *,  beginning  with  fire,  by  reafon  no  chemical 
operation  ever  was,  or  can  be  hereafter  performed,  to  which  fire  does  not 
contribute }  and  this  cannot  be  fo  extenfively  faid  of  the  reft. 
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'The wonderful  I.'O  O  great  is  the  power,  fo  extenfive  the  a<5Hon,  and  fo  wonderful  the 

mature  off  re.  Q 

manner  wherein  fire  adts  *,  that  it  was  antiently  held  and  adored  as 
the  fupreme  God,  by  a  nation  reputed  the  wifeft:  of  all  others.  Thus  fome  of 
the  chemifts  having  found  its  extraordinary  force,  took  it  for  an  uncreated 
being  •,  and  many  of  the  moft  eminent  among  them,  attributing  all  the 
knowledge  they  had  acquired  to  this  inftrument,  called  themfelves  philofo- 
phers  of  fire  ;  as  thinking  they  could  not  be  dignified  by  a  higher  title. 
There  is,  however,  nothing  more  wonderful  in  the  nature  of  fire,  than  that 
while  it  is  the  chief  caufe  and  principle  of  almoft  all  the  effe6ts  cognizable 
by  our  fenfes,  yet  itfelf  is  imperceptible  by  any  fenfe  ;  being  fo  incompre¬ 
hensible,  by  reafon  of  its  extreme  minutenefs,  that  it  eludes  our  niceft  re- 
fearch  ;  fo  that  with  many  it  pafles  for  a  fpirit  rather  than  a  body  (#). 

2. 


(u)  The  do&rine  of  fire  here  laid  down  by 
our  author,  will  appear  new  and  extraordi¬ 
nary  ;  at  leaft  among  us,  who  have  been  ufed 
to  confider  fire  in  the  light  it  is  fet  by 
Lord  Bacon,  Mr.  Boyle ,  and  Sir  I.  Newton. 

The  great  and  fundamental  difference  in 
refpedt  of  the  nature  of  fire,  is,  whether  it  be 
originally  fuch,  form’d  thus  by  the  Creator 
himfelf  at  the  beginning  of  things j  or  whe¬ 
ther  it  be  mechanically  producible  from  other 
bodies,  by  inducing  fome  alteration  in  the 
particles  thereof.  Among  the  modern  wri¬ 
ters,  Homberg,  Boerhaaue,  the  younger  Le- 
mery  and  s' Granoefande  maintain  the  former  : 
the  latter  is  chiefly  fupported  by  the  Englijh 
.authors. 

Bacon ,  in  his  treatife  de  forma  calidi,  de¬ 
duces  from  a  great  number  of  particulars,  that 
heat?  in  bodies,  is  no  other  than  motion ; 
only  a  motion  fo  and  fo  circumftantiated  :  fo 
that,  to  produce  heat  in  a  body,  nothing  is 
required  but  to  excite  a  certain  motion  in 
the  parts  thereof. 

Boyle  feconds  him,  in  an  exprefs  treatife 
of  the  Mechanical  Origin  of  Heat  and  Cold ; 
and  maintains  the  fame  doftrine,  with  new 
obfervations  and  experiments  :  As  a  fpeci- 
men  we  fhall  here  give  one  or  two  of  them. 
Many  more  will  come  in  the  courfe  of  the 
chapter 

“  In  the  production,  fays  he,  of  heat, 

“  there  appears  nothing  on  the  part  either  of 

the  agent  or  patient,  but  motion,  and  its 
“  natural  effefts.  When  a  fmith  brifkly 
“  hammers  a  fmall  piece  of  iron,  the  metal 


“  thereby  becomes  exceedingly  hot ;  yet  there 
**  is  nothing  to  make  it  fo,  except  the  forci- 
“  ble  motion  of  the  hammer,  imprefling  a 
“  vehement,  and  varioufly  determined  agita- 
“  tion,  on  the  fmall  parts  of  the  iron  j  which 
“  being  a  cold  body  before,  grows,  by  that 
“  fuper-induced  commotion  of  its  fmall  parts, 
“  hot :  Firft,  in  a  more  loofe  acceptation  of 
“  the  word ;  with  regard  to  fome  other  bo- 
“  dies,  compared  with  which,  it  was  cold 
“  before  :  then,  fenfibly  hot ;  becaufe  this 
“  agitation  furpaffes  that  of  the  parts  of  our 
“  fingers  :  and  in  this  inftance,  oftentimes,  the 
“  hammer  and  anvil  continue  cold,  after  the 
“  operation  ;  which  fhews,  that  the  heat  ac- 
“  quired  by  the  iron,  was  not  communicated 
“  by  either  of  thofe  implements,  as  heat  j  but 
“  produced  in  it  by  a  motion,  great  enough 
“  ftrongly  to  agitate  the  parts  of  fo  fmall  a 
“  body  as  the  piece  of  iron,  without  being 
“  able  to  have  the  like  effeCt  upon  fo  much 
“  greater  maffes  of  metal,  as  the  hammer  and 
“  the  anvil.  Though  if  the  percuflions  were 
“  often,  and  brifkly  renewed,  and  the  ham- 
“  mer  were  fmall,  this  alfo  might  be  heated. 
“  Whence  it  is  not  neceffary,  that  a  body  it- 
“  felf  fhould  be  hot,  to  give  heat. 

“  If  a  large  nail  be  driven  by  a  hammer 
“  into  a  plank  of  wood,  it  will  receive  feve- 
“  ral  ftrokes  on  its  head,  e’er  it  grow  hot ; 

“  but  when  it  is  once  driven  to  the  head,  a 
“  few  ftrokes  fuffice  to  give  it  a  confiderable 
“  heat :  for  while,  at  every  blow  of  the  ham- 
“  mer,  the  nail  enters  further  into  the  wood, 

“  the  motion  produced  is  chiefly  progreflive, 

"  and 
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2.  It  will  be  neceflary  therefore,  that  we  be  ftridtly  on  our  guard,  left  in  To  be  care 
inquiring  into  the  nature  of  a  thing  fo  deeply  hid,  we  fall  into  error.  To  fully  fought. 
this  end  we  muft  rigidly  abftain  from  all  fpeculations,  fram’d  only  in  the 
mind,  nor  give  the  leaft  credit  to  any,  however  plaufible,  hypothecs,  or 
precarious  opinion,  unlefs  we  have  a  mind  to  be  bewilder’d  and  loft.  If, 
in  fuppofing  fire  of  a  certain  nature,  we  be  miftaken,  an  error  will  fpring 
herefrom,  which  will  fpread  itfelf  thro*  all  phyfics  j  by  reafon,  as  we  have 
above  hinted,,  that  in  the  natural  actions  of  all  kinds  of  things,  fire  has  al¬ 
ways  the  chief  fhare.  In  our  enquiry,  therefore,  what  fire  is,  it  will  be 
proper  to  condutft  ourfelves  as  if  utterly  ignorant  of  it ;  intirely  rejecting 
all  preconceived  opinions  relating  to  it.  Our  method  muft  be  that  of  the 
algebraifts,  who,  when  they  feek  an  unknown  thing,  fuppofe  nothing  at  all 
known  in  it  •,  and  that  they  may  ftill  keep  this  in  mind,  denote  it  by  a  cha¬ 
racter  which  fignifies  nothing  ;  except  that  fuch  a  quantity  is  unknown,  and 
thenceforth  to  be  fought :  and  further,  thefe  ftriCt  retainers  to  truth,  while 
they  endeavour  to  attain  a  thing  which  they  yet  do  not  underftand,  fuppofe 
no  properties  in  the  unknown  thing,  except  fuch  as  are  given,  or  at  leaft  have 
been  abfolutely  demonftrated  before., 

3.  Such  caution  can  never  be  more  neceflary  than  on  the  prefent  occafion,  Not  by  hypo-  ■ 
in  regard  the  elements  of  fire  are  found  every  where*,  in  the  mod  folid  gold,  theflu 
as  well  as  in  the  moil  empty  vacuum  of  an  air-pump  ;  being  prefent  equally 
and  in  the  fame  quantity, .  in  all  bodies  and  fpaces,  as  will  be  fully  proved 
in  th^  courfe  of  this  chapter.  Hence,  in  all  phyfics,  it  is  found  exceedingly 
difficiilt  perfectly  to  diftinguifh  the  very  aCtion  of  fire  from  that  of  other  con¬ 
curring  caufes  *,  while  yet  the  nature  of  fire  is  fo  very  different  from  theirs, 
that  to  confound  them  together  will  introduce  the  utmoft  uncertainty  and 
diforder. 

4* 


and  is  of  the  whole  nail,  tending  one  way  ; 
**  but  when  that  motion  ceafes,  the  impulfe 
“  given  by  the  ftroke,  being  unable  to  drive 
“  the  nail  further  on,  or  break  it,  muft  be 
“  fpent  in  making  a  various,  vehement,  and 
“  inteftin'e  commotion  of  the  parts  among 
**  themfelves ;  wherein  the  nature  of  heat 
“  confifts 

Agreeable  to  this,  is  the  opinion  of  Sir 
7.  Newton,  who  conceives  that  **  grofs  bo- 
“  dies  may  be  converted  into  light  by  the  a- 
“  gitation  of  their  particles ;  and  light,  again, 
“  into  grofs  bodies,  by  being  fixed  there- 
“  in  f.” 

On  the  other  hand,  M.  Homberg,  in  his 
T-Jfai  du  Soujfre  Principe,  holds,  “  that  the 
chemical  principle,  or  element  fulphur, 
“  which  is  fuppofed  one  of  the  fimple,  pri- 
**  mary  pre-exiftent  ingredients  of  all  natural 
“  bodies,  is  real  fire ;  and  confequently  that 
“  fire  is  coeval  with  body  f 


Dr.  s'Gra'vefande  goes  on  much  the  fame  : 
principle:  “  Fire,  according  to  him,  enters 
“  the  compofition  of  all  bodies  ;  is  contained 
“  in  all  bodies  ;  and  may  be  feparated,  or 
“  procured  from  all  bodies,  by  rubbing  them 
“  againft  each  other,  and  thus  putting  their 
“  fire  in  motion.  But  fire,  he  adds,  is  by 
“  no  means  generated  by  fuch  motion  || 

M.  Leonery  the  younger  agrees  with  thefe 
two  authors,  in  aflerting  this  abfolute,  and 
ingenerable  nature  of  fire  :  But  he  extends  it 
further.  Not  contented  to  confine  it  as  an 
element  to  bodies,  he  endeavours  to  fhew  that 
it  is  “  equably  diffufed  thro1  all  fpace,  is  pre* 

“  fer:t  in  all  places,  in  the  void  fpaces  be- 
“  tween  bodies,  as  well  as  in  the  infenfible  in- 
“  terftices  between  their  parts 

This  laft  fentiment  falls  in  with  that  of 
Boerhaanee  ;  which  will  be  more  largely  fet 
forth  in  what  follows. 


*  Mech.  P  radii  ft.  of  Heat  and  Cold.  f  Optic,  p.  318,  &  349.  %  Mem.  de  V  Acad.  <J«.I  705.; 
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Bv  reafin  of  4.  Another  difficulty  in  the  way  of  philofophers  who  ftudy  the  nature 
the  difficulties  0f  js?  t^at  excefpive  minutenefs  of  its  conftituent  parts,  which  not 
*tter  l"s’  .  only  furpafles  all  other  known  bodies,  but  even  penetrates  to  its  folid,  and 
c  even  leaft  particles  that  we  can  any  way  find.  And  hence  fo  many  diffe¬ 
rent  and  abfurd  notions  have  gain’d  ground  among  authors,  who,  of  all 
things,  appear  to  have  ftudied  the  nature  of  fire  with  the  greateft  applica¬ 
tion.  The  errors  fprung  from  this  quarter  have  not  only  infe&ed  chemiftry 
and  natural  phiiofophy,  but  alfo  the  art  of  medicine  ;  as  will  eafily  ap¬ 
peal*,  if  we  confider  the  ftrange  opinions  broach’d  by  phyficians,  concerning 
the  innate  heat,  radical  moifture,  and  the  like  matters,  which  arofe  wholly 
from  this  fource. - Henceforth,  therefore,  we  are  to  fuppofe  we  know  no¬ 

thing  concerning  fire,  and  are  to  conduct  ourfelves  fo,  till  we  have  obtain’d 
fomething  certain  of  it. 

The figm  of  its  5.  Yet  how  follicitoufly  foever  we  may  endeavour  to  know  nothing  of 

bemg  prefent,  we  can  n0  wayS  avoid  being- acquainted  with  fome  mark,  by  virtue  of 
quired  '  ***  which  all  perfons  profefs  that  they  know  there  is,  or  is  no  fire  in  a  certain 
place.  ’Tis  neceffiary  that  fuch  mark  or  fign  be  obvious  to  the  fenfe, 
and  that  all  men  be  agreed  of  it ;  otherwife  the  word  will  convey  no  pre- 
cife  meaning  at  all.  Such  mark  alfo  muft  obtain  every  where,  and  be 
true  at  all  times.  Thus,  though  a  perfon  may  fay  he  does  not  know  what 
thunder  is,  nor  underftand  any  thing  concerning  it,  yet  fuch  perfon  has 
fomething  in  his  mind  anfwering  to  that  word,  and  knows  at  leaft 
thus  much  of  it,  that  it  makes  a  rumbling  in  the  air  ;  and  thus  ufing  a 
word  common  to  all  perfons,  he  means  the  fame  thing  by  it,  nor  of  confe- 
quence  will  eafily  confound  it  with  any  other.  So  both  the  intelligent  and 
the  ignorant,  provided  they  ufe  the  fame  language,  upon  hearing  the  word 
fire,  immediately  think  of  a  certain  thing  •,  otherwife  when  the  word  is  pro¬ 
nounced,  it  would  have  no  other  effed,  than  if  fpoken  to  an  Indian  or 
African. 

6.  This  fign  muft  alfo  be  fo  peculiar  to  fire,  as  that  it  can  agree  to  no 
other  thing ;  that  when  the  fign  is  certainly  found  to  be  prefent,  it  may 
be  an  infallible  indication,  that  fire  is  there.  Likewife  without  this,  it 
muft  leave  us  in  doubt,  which  of  the  things  denoted  by  it  is  then  prefent. 

7.  Nor  is  it  lefs  neceffary  that  fuch  criterion  be  infeparable  from  fire,  fo 
as  that  fire  may  never  be  found  any  where  without  this  mark  neceffarily 
attending  it :  For  thus  alone  we  (hall  difcover  that  it  is  prefent ;  a  mark  of 
a  thing  being  ufelefs,  if  fuch  thing  may  be  latent,  and  not  difcoverable 
thereby. 

8.  Laftly,  it  is  requifite  that  fuch  thing,  which  does  the  office  of  a  fign 
be  obvious  to  our  fenfes,  and  affed  them  eafily  *,  in  which  cafe  it  will  clearly 
indicate  the  degrees  of  increafe,  or  decreafe,  wherein  the  fire  in  any  given 
fpace,  or  body,  is  either  augmented,  diminiftted,  or  continues.  If  thefe 
three  properties  meet  together  in  the  criterion  of  fire,  it  may  be  made  ufe  of 
for  our  prefent  purpofe. 

The  ufe  of  a  9-  hf  a  be  found,  wherein  the  three  above-mention’d  conditions 

certain  fign.  obtain,  we  may  confide  in  it,  and  fafely  proceed  to  make  experiments  con¬ 
cerning  the  nature  of  fire  ;  which,  however  latent,  is  known  to  be  prefent 
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by  fuch  fign  *,  efpecially,  if  being  thus  affined  of  its  prefence,  we  make  ufe 
of  means  purpofely  contrived  for  making  difcoveries  in  the  hidden  proper¬ 
ties  of  fire.  And  it  will  be  fo  much  clear  gain,  if,  by  the  way,  any  thing 
new  and  unexpected  fhall  voluntarily  offer  itfelf.  Both  thefe  manners  may 
afford  us  faCts,  which  we  fhall  endeavour  to  conned  by  proper  reafons,  in 
order  to  difcover  the  unknown  nature  of  fire  ;  nor  need  we  fear  falling  into 
error,  while  we  purfue  this  path,  which  is  allow’d  by  all  as  the  only  true 
one  for  arriving  at  certainty  in  phyfics. 

10.  In  the  mean  while  I  mud  own,  that  it  is  not  eafy  to  alfign  this  mark,  ‘The  difficulty 
whereby  fire  is  known  to  be  prefent  in  whatever  place,  or  in  how  fmall  °f findingfuc'- 
quantity  foever  j  and  the  reafon  of  the  difficulty  is,  that  on  enquiry  there  a^n' 
appears  to  be  an  incredible  quantity  of  real  fire  in  thofe  places,  where  every 

one  imagines  not  only  that  there  is  no  fire,  but  that  the  contrary  thereof 
obtains.  Thus  in  the  moll  fevere  frofty  feafons,  and  in  the  coldeft  maffes 
of  matter,  fire  will  be  ffiown  to  be  prefent,  and  capable  of  being  foon 
incited  in  an  intenfe  degree  *,  yet  does  it  not  in  the  leafl  difcover  itfelf  by 
any  fenfible  indication,  it  exerts  no  apparent  aCtion,  nor  produces  any  of  the 
effeCts  ufually  afcribed  to  it(tf).  I  own,  therefore,  I  do  not  pretend  to 
exhibit  any  fign,  whereby  we  may  difcover  the  prefence  of  fire,  in  the 
fmalleft  quantity  ;  but  only  an  indication,  which  may  certainly  difcover  it 
to  be  prefent,  when  in  any  quantity  beyond  the  lead:  *,  which  is  fufficient 
for  my  purpofe.  ’Tis  my  opinion,  that  nothing,  either  great  or  little,  can 
be  known  in  bodies,  except  by  a  mere  comparifon  of  fuch  bodies  to  each 
other,  or  to  fome  common  meafure  ;  fo,  in  the  prefent  cafe,  we  have  no 
fign  whereby  to  determine  how  much  fire  there  is  in  a  given  place  ;  but  only 
how  much  more  or  lefs  there  is  in  one  place  than  another :  hence  alfo  it  is 
not  eafy  to  determine  any  thing  concerning  fire  in  the  fame  individual  mo¬ 
ment  of  time ;  but  the  different  degrees,  which  are  obferved  at  different 
times  may  be  compared  together. 

11.  Now  looking  round  to  difcover  fuch  a  fign,  it  occurs  to  me  that  the  Such  figns  to 
effeds  which  are  produced  by  fire  alone,  as  oft  as  they  are  cognizable  by  our  be  fenfible  ef- 
fenfes,  are  univerfally  allow’d  for  proofs  of  the  prefence  of  fire:  Wherefore/^  produced 
thefe  for  the  prefent  we  will  admit  for  this  purpofe.  For  if  thofe  phyfical 
changes,  which  fire  alone  produces,  be  eafily  perceivable  by  the  fenfes,  they 

will  afford  us  a  mark  whereby  fire  may  be  known  to  be  prefent ;  and  if  thofe 
appearances  always  arife,  wherever  fire  is  produced,  we  fhall  have  the  very 
fign  we  wanted  ;  nor  need  we  be  very  follicitous,  whether  among  fuch  ef¬ 
fects  fome  may  not  be  found,  which  fometimes  arife  from  another  caufe  ; 
fince,  in  the  fequel  of  our  inquiry,  it  will  be  eafy  to  diftinguifh  between 
thofe  which  are  proper,  and  thofe  which  are  only  common.  At  prefent, 
therefore,  we  fhall  “affume  thofe  which  are  ufually  afcribed  by  all  men  to 
fire ;  and  fhall  afterwards  examine  each  with  care,  in  order  to  find  the  par¬ 
ticular 

(x)  The  younger  Lemery  obferves,  that  ice  water  is  a  real  fufion,  like  that  of  metals  ex- 
is  only  a  re-eftablifhment  of  the  parts  of  water  pofed  to  the  fire  ;  only  differing  in  this,  that 
in  their  natural  ftate :  that  the  mere  abfence  a  greater  quantity  of  fire  is  necefiary  to  the 
of  fire  is  fufficient  to  account  for  this  re-ella-  one  than  the  other.  Mem.  de  l'  Acad.  Royal. 
blifhment :  and,  laftly,  that  the  fluidity  of  An.  1709. 
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ticular  one  we  are  in  queft  of.  The  principal  I  meet  with  are,  i.  Heat 
2.  Light.  3.  Colour.  4.  Expanfion,  or  rarefaction  both  of  fluid  bodies 

and  folid.  5.  Burning,  fufion,  each  of  which  we  fhall  confider  in 

order. 

12.  Heat,  then,  is  in  the  firft  place  attributed  to  fire,  and  with  good 
reafon,  as  the  two  are  connected  by  a  very  clofe  tie*,  yet  if  we  look  near 

into  the  idea  of  heat,  it  will  eafily  appear,  that  by  this  word  men  denote 

a  certain  fenfation  imprefied  on  the  mind,  when  their  organs  of  feeling  hap¬ 
pen  to  undergo  fome  change  by  the  application  of  fire  to  them  but  in  this 
idea  there  is  nothing  contained  that  denotes  either  the  a&ion  of  fire,  or  the 
change  of  the  feeling  organ  in  the' body  :  fo  that  heat,  confidered  as  per¬ 
ceived  by  the  underftanding,  from  whence  alone  it  has  its  name,  does  not 
imply  any  thing  corporeal,  but  only  a  mere  change  of  thinking  in  the  per- 
fon  that  perceives.  When  I  am  warm’d,  a  clear  and  diftind  fpecies  of  fen¬ 
fation  is  produced  in  me;  yet  I  learn  nothing  by  that  concerning  fire,  nor 
of  the  change  in  my  body  produced  by  it.  When  any  of  us  grow  warm, 
I  would  afk  what  we  find  ;  I  fuppofe  the  anfwer  will  be  a  pleafing  kind  of 
fenfation.  Now,  if  this  be  compared  with  what  phyficians  tell  us  is  then 
doing  in  the  body,  we  fhall  find  a  vaft  diverfity  between  them.  They  will 
inform  us,  that  a  fine  fluid  is  then  moved  in  the  extreme  capillary  nerves, 
with  a  certain  peculiar  kind  of  motion  ;  of  which  we  never  had  the  Jeaffc 
notion,  tho*  we  had  a  thoufand  times  felt  the  imprefTion  of  heat.  But  to 
eftimate  the  degree  of  heat  in  the  human  body,  it  may  be  obferved,  that 
while  the  body  and  mind  are  both  in  order,  and  find  heat  agreeable  to  them, 
this  degree  of  heat  may  be  meafured  by  the  pleafure  of  the  perception  (y). 
When  cold  afterwards  enfues,  it  denotes  the  heat  firft  to  be  diminifhed, 
and  afterwards  extincft  and  abfent.  On  the  contrary,  when  the  heat  is  in- 
creafed,  beyond  that  degree  which  gave  pleafure,  inftead  of  an  agreeable 
heat,  we  fhall  call  it  an  offenfi  ve  and  painful  one  :  in  all  which,  there  is  nothing 
that  can  ferve  as  any  ufeful  indication  of  fire.  Add,  that  the  degree  of 
heat,  to  which  we  have  long  been  accuftomed,  is  not  at  all  felt,  agree¬ 
ably1  to  what  we  find  on  the  like  occafions :  fo  that  taking  any  degree  lefs 
than  the  natural,  or  ufual  one,  for  none  at  all,  we  are  continually  deceiv’d. 
On  the  contrary,  thofe  who  haye  been  long  expofed  to  the  cold,  are  af¬ 
fected 


(y)  A  body  is  only  fenfibly  hot,  when  the 
degree  of  its  heat  exceeds  that  of  our  organs  of 
fenfe ;  fo  that  there  may  be  a  lucid  body, 
without  any  fenfible  heat ;  and  confequently, 
as  heat  is  only  a  fenfible  quality,  without  any 
heat  at  all. 

Heat,  in  the  hot  body,  fays  iGra<vefande,  is 
an  agitation  of  the  parts  of  the  body,  made  by 
means  of  the  fire  contained  in  it ;  by  fuch  agi¬ 
tation  a  motion  is  produced  in  our  bodies, 
which  excites  the  idea  of  heat  in  our  mind  :  fo 
that  heat  in  refpeft  of  us  is  nothing  but  that 
idea  ;  and  in  the  hot  body,  nothing  but  mo¬ 
tion.  If  fuch  motion  expel  the  fire,  in  right 
lines,  it  gives  us  the  idea  of  light ;  if  in  a  va¬ 
rious  and  irregular  motion,  only  heat. 


’Tis  not  very  difficult  to  conceive,  how  lire 
Ihould  become  fenfible  either  to  the  feeling,  or 
fight,  by  being  thus  determined  in  right  lines. 
By  fuch  determination,  the  vague,  flu&uating 
corpufcles,  are  form’d  into  rays,  and  a  train 
of  them  driven  upon  the  organ  in  a  conftant 
fucceffion.  Hence,  each  fubfequent  one  fe- 
conding  the  effort  of  the  precedent  one,  the 
impreffion,  by  fuch  a  feries  of  augmentations, 
at  length  is  felt.  Thus  the  air,  wherewith  we 
are  every  way  furrounded,  ifleft  at  liberty,  is 
not  perceived ;  but  if  its  particles  be  driven, 
or  dire&ed  in  a  ftream,  whether  by  a  pair  of 
bellows,  or  any  other  caufe  that  excites  a  wind, 
the  impreffion  it  makes  will  be  very  fenfible. 
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fe&ed  by  it  very  differently  from  ourfelves.  It  has  been  often  obferved, 
that  fubterraneous  places  afford  a  cool  retreat,  in  the  fcorching  heat  of  the 
dog-days  •,  yet  in  the  winter  afford  a  no  lefs  grateful  warmth  in  the  fevereft 
colds  :  whence  it  was  falfly  inferred,  that  places  under-ground  are  hot  in 
the  winter’s  froft,  and  cool  in  the  fummer’s  heat,  and  thus  undergo  a  kind 
of  Antiperijiajis  :  whereas  ’tis  certain  that  the  deepeft  vaults  are  hotteft  in 
fummer,  and  coldeft  in  winter  ;  but  that  if  they  were  dug  beyond  a  certain 
degree  of  depth,  they  would  then  remain  nearly  of  the  fame  degree  of  heat. 

From  all  which  it  appears,  that  no  certain  meafure  can  be  had  from  heat* 
to  determine  the  quantity  of  fire.  This  may  be  further  confirmed  by  a 
matter  of  great  moment  in  phyfic:  when,  in  clofe  fultry  weather,  occafion’d 
by  the  fan's  being  reflected,  or  refradled  by  the  clouds,  the  heat  becomes 
intolerable  and  fuffocating  ;  if  thunder  and  lightning  foon  enfue,  attended 
by  fevere  fhowers,  and  fometimes  even  with  hail,  the  effedl  is,  that  the  air 
prefently  appears  exceffively  cold,  and  men  fhake  and  tremble  by  the  hid¬ 
den  change,  as  if  fmitten  with  a  fevere  froft.  And  yet,  I  fpeak  from  expe¬ 
rience,  the  air,  which  then  feems  fo  very  cold,  is  in  reality  fo  hot,  that 
if  it  ftiould  immediately  fucceed  a  fharp  froft,  it  would  deftroy  us  by  the 
extremity  of  heat :  for  if  a  room  in  pinching  froft  be  heated  to  a  degree, 
only  equal  to  that  of  the  atmofphere  after  fuch  a  thunder-ftorm  in  Anguft , 
no  perfon  coming  cut  of  the  cold  air  into  fuch  a  room  would  be  able  to  en¬ 
dure  the  heat,  but  would  quickly  faint  away. - From  all  which  we  learn, 

that  heat  is  no  certain  mark  for  determining  fire. 

13.  Philofophers,  therefore,  think  light  may  be  ufed  as  an  infallible  proof  Next,  light. 
of  the  prefence  of  fire  ;  for  that  being  as  it  were  the  daughter  of  fire, 
it  muft  be  a  juft  reprefentative  of  its  father  *,  and  in  effedt  the  more  vigo- 
roufly  this  noble  creature  diffufes  its  rays,  the  greater  quantity  of  fire  is 
ufually  fuppofed  to  prevail.  And  again,  as  the  brightnefsof  light  decreafes, 
lire  is  held  to  be  diminifhed  in  equal  proportion  ;  confequently ,  this 
may  be  laid  down  as  the  criterion  of  fire.  But  they  who  argue  thus,  are 
little  acquainted  with  experiments.  If  iron  be  taken  out  of  the  fire  before 
it  is  red-hot,  but  very  near  approaching  thereto,  and  thus  held  in  a  dark 
place,  it  will  emit  no  light ;  and  yet  if  you  touch  an  animal  with  it,  it  will 
yield  a  hilling  noife,  a  fmeli  of  burning,  and  even  confume  the  creature  to 
the  bone,  and  the  bone  itfelf :  or  lay  it  on  dry  wood,  and  it  will  raife  fparks 
and  flame  :  fo  much  Are  may  there  be  without  any  light.  On  the  con¬ 
trary,  if  you  receive  the  image  of  the  full  moon  in  her  meridian,  on  a 
clear  winter’s  night,  on  a  concave  fpeculum  made  of  a  folid  poliflied  me¬ 
talline  fubftance  ;  and  this  image  be  then  received  on  a  white  paper,  placed 
in  the  focus  of  the  fpeculum ,  you  will  find  the  light  exceedingly  intenfe, 
and  fcarce  tolerable  to  the  ftrongeft  eyes;  yet  the  centre  of  the  focus  is 
all  the  while  extremely  cold.  The  famous  Dr.  Hook,  a  man  framed  by 
nature  for  inventing  experiments,  having  brought  the  rays  of  the  full  moon 
into  a  focus ,  by  a  glafs  convex  on  both  Tides,  found,  that  though  the  light 
appear’d  extremely  bright  on  the  paper,  yet  an  excellent  thermometer  being 
applied  to  the  fame  focus ,  gave  not  the  leaft  indication  of  heat  or  fire  :  and 
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the  fame  was  confirmed  by  Tfehirnhaufen's  burning-glades  at  Paris  (zY 
Laftly,  in  M.  Fillet's  fpeculum,  if  the  focus  remain  in  the  air,  without  any 
opake  body  to  fix  on,  no  fign  of  light  will  appear  therein,  even  though  the 
fun  a6t  with  all  his  force  ;  unlefs  a  perfon  fhould  have  the  imprudence  to 
oppofe  his  own  body  diredily  in  the  way,  which  muft  inftantly  deftroy  him: 
there  being  all  the  while  a  mod:  vehement  fire  in  the  place,  which  in  a  mo¬ 
ment’s  time  melts  even  ftones  themfelves.  After  this  no  perfon,  we  fup- 
pofe,  will  meafure  the  degree  of  fire  by  that  of  light  •,  fi nee,  by  thefe  in- 
ftances,  it  appears,  that  the  moil  powerful  fire  may  be  without  the  lead:  ap¬ 
pearance  of  light,  and  the  ftrongeft  light  without  producing  the  lead  heat. 
We  need  not  fay  much  concerning,  colour,  which  is  only  the  reflection  of 
light,  varioufly  chang’d  by  opake  bodies,  or  even  is  light  itfelf  j  fince  after 
having  fhewn  that  light  itfelf  is  no  true  charaCleriftic  of  fire,  no  body  will 
imagine  that  colours  can  be  fo  ( a ). 

14.  It  will  be  necefiary  to  examine  the  other  efFeCts  of  fire,  in  hopes  that 
among  them,  we .  may  find  fome  one,  which  will  enable  us  to  difeover  and* 
eftimate  the  prefence  and  quantity  of  this  adtive  element.  But  the  more 
follicitoufly  I  look  about,  ftill  the  more  i  defpair  ;  fo  contrary  and  unpro- 
mifing  does  every  thing  appear.  If  we  think  of  its  attenuating  powers,  \t 
is  immediately  fuggefted,  that  many  things  are  alfo  infpiflated  by  fire.  Id 
we  next  pitch  on  its  power  of  binding,  we  presently  recoiled:  that  it  alfo  dif- 
folves  many  bodies.  If  on  its  faculty  of  feparating  things  into  different  parts,' 
’tis  eafily  alledged,  that  fire  alfo  combines  many  things,  fcarce  capable  c£ 
being  intimately  mix’d  any  other  way  ■,  as  we  find  in  the  making  of  glafs, 
and  the  mixing  of  iron  and  gold.  Not  to  purfue  fo  .very  copious  a  fubjed:,' 
I  fhall  only  add,  that  fcarce  any  effedl  of  fire  can  be  affign’d,  which  it  is 
found  to  have  in  a  multitude  of  bodies ;  but  in  fome  other  bodies  it  will  be 
found  to  have  the  very  contrary  thereof.  It  may  be  afked  then,  is  there 
no  effeCt  of  this  wonderful  caufe  which  obtains  always,  and-,  every  where 
the  fame,  being  alfo  utterly  infeparable  from  fire,  and  not  variable  by  objects  ? 
I  ihould  believe  there  is  fuch  a  one ;  and  fo  far  as  I  have  been  able  to  trace 
the  footfteps  of  nature,  there  is  only  one.  For  on  a  careful  inquiry,  I  do 

not 


{«)  See  Mem.  de  lyAcad.  an.  1699.  P-  I1C). 
\a)  Natural  bodies  only  become  of  different 
colours,  as  furfaces  are  difpofed  to  reflect  dif¬ 
ferently  coloured  rays- ;  and  a  body  appears  of 
the  colour  which  arifes  from  the  mixture  of 
the  rays  refle&ed  by  it.  Thus  placing  two 
bodies,  e.gr.  a  red  and  a  blue  one  in  the  dark, 
where  neither  of  ’em  is  vifible  ;  and  enlighte¬ 
ning  ’em  fucceflively  by  ray.s  tranfmitted  thro’ 
a  priim  ;  they  will  then  be  feen,  and  eath  of 
the  forts  of  colour’d  rays,  will  be  reflected 
from  each  :  but  the  red  rays  will  be  much  the 
mi  ft  copioufly  reflected  from  the  red  body,  and 
the  blue  from  the  blue.  Ard  enlightning  km 
both  with  oe  y  one  fort  of  rays,  e.  gr,.  red  ones ; 
the  red  obje  will  be  very  vivid,  and  the  fciue 
fcarce  v.fible. 


To  determine  the  precife  conftitution  of  the 
furface  of  bodies,  whereon  their  colour  de¬ 
pends  ;  it  is  to  be  obferved,  that  the  fmalleft 
particles  of  all  bodies  are  found  to  be  tranfpa- 
rent.;.  and  that  they  are  feparated  by  a  me¬ 
dium  of  a  different  denfity  from  the  particles 
themfelves  t  and  hence,  in  the  furface  of  every 
colour’d  body^  we  may  conceive  innumerable, 
fmall  thin  lamellae,  or  plates.  But  it  is  demon- 
ftrated  of  fuch  plates,  and  confequently  of  the 
furfaces  of  bodies,  that  their  colour  depends 
on  the  thicknefs,  and  denfity  of  the  parts  or 
plates  in  the  furface,  between  the  pores  there* 
of  j  that  the  colour  is  fo  much  the  more  vivid 
and  homogeneous,  as  the  plates  or  parts  are 
thinner  :  and  that,  cateris  paribus ,  the  faid 
parts  are  the  thickeft,  when  red ;  and  thin- 
neft,  when  violet. 
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not  find  any  body,  to  which  we  may  not  apply  that  which  all  men  call  fire, 
whether  Tolar,  culinary,  or  fubterraneous  •,  and  all  fuch  bodies  to  which  fire 
is  thus  applied,  without  one  exception,  are  hereby  render’d  bigger,  fwell, 
and  rarify,  yet  without  any  obfervable  difference  in  their  weight.  This  e-  Rarifaflion 
qually  and  uniformly  obtains  in  folid  bodies,  and  fluid,  hard,  and  Toft,  the  fign  of 
light,  and  ponderous.  In  the  mean  while  it  always  appears,  that  two  bo-  heat. 
dies  of  the  fame  weight  and  bulk,  one  whereof  is  folid,  the  other  fluid, 
differ  from  each  other  in  this,  that  the  fluid  one  is  more  expanded  by  the 
fame  fire,  and  the  folid  one  lefs:  at  leaft  this  law  obtains  in  all  the  bodies 
which  I  have  had  occafion  to  try.  For  this  reafon  fluids  are  more  fit  for 
the  office  of  judging  of  the  prefence  of  fire  by  rarifadtion,  than  folids  are. 

I  have  further  found,  that  the  lighter  fluids  always  rarify  more  by  the  fame 
fire,  than  the  denfer  kind.  On  which  account  the  rarifadlion  of  the  lighted: 
fluid  will  affedt  the  obfervers  the  moft  fenfibly,  and  indicate  the  fmallefb  in- 
creafe,  or  diminution  of  the  flendereft  fire.  Of  this  1  fhall  give  an  ocular 
demonflration.  Take  a  chemical  phial,  whofe  ample  fpherical  body  ends 
in  a  {lender  cylindrical  neck  ;  the  whole  being  filled  with  clear  water, 
as  high  as  the  mark  fix’d .  on  the  neck ;  now  upon  immerging  this  in 
an  open  veflel  full  of  hot  water,  you  wiil  immediately  perceive  the  water 
mount  up  the  deck  of  the  phial  above  the  firft  mark,  and  the  like  it  con¬ 
tinues  to  do  every  moment,  fo  long  as  the  water  is  made  hotter -  and 
hotter.  Again,  if,  taking  the  phial  out  of  this  water,  you  immerge  it 
in  other  hotter  than  the  former,  you  will  find  it  rife  {fill  higher  in  the  neck 
of  the  phial.  Laftly,  upon  applying  it  nearer  and  nearer  to  the  fire,  you 
find  it  dilate  more  and  more  in  proportion  ;  but  upon  removing  it  from 
the  fire,  you  again  fee  the  water  fink.  This  may  be  a  fufficient  proof,  that 
fire  dilates  water,  fo  as  to  make  it  take  up  more  fpace  when  hot,  than  when 
cold,  without  any  apparent  increafe  of  weight.  Hence  it  alfo  appears,  that  a 
folid  glafs  veflel  does  not  ftretch  or  expand  fo.  much  as  water  *,  fince,  in  the 
prefent  cafe,  the  veflel  which  before  contain’d  the  water  will  hold  it  no 
longer  *,  notwithftanding  that  it  is  heated  equally  therewith.  Again,  you 
may  obferve  how  nimbly  the  fpirit  of  wine  in  another  phial,  upon  plung¬ 
ing  it  in  the  fame  hot  water,  rifes  up  the  neck,  fo  as  to  be  ready  to  run  over: 
hence  we  may  infer,  that  fpirit  of  wine,  being  lighter  than  water,  rarifies 
more  and  quicker  by  the  fame  fire  than  water  itfelf.  Thefe  flight  and  fami¬ 
liar  experiments  abundantly  evince  the  point  propofed.  It  were  to  be  wifh’d 
the  writers  of  hydroflatics  had  given  us  the  comparative  weights  of  all  known 
fluids.  By  means  of  thefe  I  might  have  been  able  to  give  a  general  rule 
founded  on  them  all,  which  at  prefent  I  can  only  give  as  the  refult  of 
a  great  number  *,  m.  that  the  fpaces  of  expanfion  produced  by  the  fame  fire, 
are  to  each  other,  as  the  rarities  of  the  bodies  expanded  ;  or  in  the  recipro¬ 
cal  ratio  of  their  denfities.  Now  by  the  experiments  which  have  been  made 
they  are  found  ta  follow,  in  this  order :  .  /  ■ 
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The  lighted  fluid  is  the  vacuum  in  the  Torricellian  tube. 

Then  the  vacuum  in  an  air-pump. 

Then  air. 

Alcohol. 

Pure  petrol  (b). 

Spirit  of  turpentine. 

Water. 

Vinegar. 

Aqua  fortis. 

Spirit  of  nitre. 

Oil  of  vitriol. 

Quickfilver  (c ). 

15.  Thus  the  dilatation  of  the  lighted  fluid  may  eafily  afford  us  a  fure  cri¬ 
terion  of  the  prefence  of  fire,  and  of  its  being  either  increafed,  or  diminifhed 
inafmuch  as  this  eflecd  has  no  dependance  on  our  fenfes,  (which  are  fo  eafy 
to  be  deceived  in  thefe  matters,)  and  therefore  can  hardly  be  liable  to  an 
error. 

16.  Again,  this  way  fhews  very  accurately  the  fmalleft  increments,  or  de¬ 
crements  of  the  degree  of  fire,  which  I  know  no  other  way,  yet  difcover’d, 
of  determining  by  experiment.  Another  advantage  of  this’  method  is,  that 
it  may  eafily  and  readily  be  apply’d  to  ufe  in  all  places,  either  within  bodies, 
or  without ’em,  and  this  alfo  at  all  times.  Another  conflderable  ufe  is,  that 
this  expanfion  of  bodies  by  heat,  if  it  be  performed  in  a  glafs  hermetically 
fealed,  cannot  arife  from  any  other  phyfical  caufe  hitherto  known,  but  from 
fire  alone  ;  fo  that  the  thing  defired  is  now  found,  viz.  a  true,  certain,  in- 
feparable,  peculiar,  charadleriftic  of  fire  ;  and  this  alone  we  fhall  ufe  in  the 
fequel  for  difcovering  the  nature  of  fire  ;  taking  it  for  granted,  that  in  all 
phenomena  where  this  rarefa&ion  is  obferved,  there  fire  is  difcovering  itfelf  to 
us  in  proportion:  by  which  we  fhall  have  an  opportunity  of  examining  fire 
in  almoftall  its  conditions,  and  of  reafoning  about  its  hidden  nature,  which 
difcovers  itfelf  in  all  the  experiments  of  this  kind.  I  fhall  now  proceed, 
ftep  by  ftep,  through  a  beautiful  field,  of  the  mod  Ample  phenomena, 
till  we  arrive  at  the  moll  remote  and  abftrufe  properties  of  fire,  ftill  pro¬ 
ceeding  from  the  more  eafy  experiments  to  thofe  lefs  obvious  and  ordinary. 


EXPERIMENT  I. 


Iron  expands 
every  way 
•with  heat. 


17.  Fire  expands  even  the  hardeft  bodies,  in  all  their  dimenfions,  fo  long 
as  it  is  contained  in  them  id). 


(/’)  Boyle,  Meehan.  Thial.  PS. 

(c )  See  Boyle’s  Medicina  H)'droJlatica. 

(d)  “Fire,1’  fays  Dr.  s'Gravefande,  “na- 
“  turally  unites  itfelf  with  bodies  :  and  hence 
“  it  is  that  a  body  brought  near  to  the  lire, 
“  grows  hot ;  in  which  cafe  it  alfo  expands  or 

*  Element.  Phyf 
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“  fwells  ;  which  expanfion  is  not  only  obfer- 
“  ved  in  very  folid  bodies,  but  in  thofe  whofe 
“  parts  do  not  cohere  ;  in  which  cafe  they 


do  not  cohere  ;  in  which  cafe 
“  likewife  acquire  a  great  degree  of  elallicity, 
“  as  is  obferved  in  air  and  vapours 
Thus  iGra-vefandt :  ,fAll  bodies  are  dilated 

“  by 
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1 8.  To  fhew  this,  I  take  two  cylindrical  iron  rods  of  equal  length,  each 
being  three  foot,  and  likewife  of  the  fame  thicknefs,  as  appears  from  this, 
that  both  of  ’em  will  juft  pafs  thro’  the  fame  iron  ring.  One  of  thefe  I  place 
in  the  hollow  tower  of  an  athanor ,  wherein  a  fire  is  burning  from  the  bottom 
to  the  top  ;  after  it  has  continued  there  a  due  time,  I  draw  it  out  almoft 
red-hot,  and  applying  it  to  the  other  rod  left  in  the  cold,  find  it  to  have 
gained  confiderably  in  length  by  means  of  the  fire. 

19.  Yet,  every  moment  after  taking  it  out,  it  evidently  ftirinks,  and  And  contrasts 
grows  fhorter  again  as  it  cools  •,  fo  that  when  returned  to  its  former  coldnefs,  with  co^' 

it  meafures  juft  the  fame  length  with  the  former :  the  length  decreafing  at 
the  fame  rate  as  the  heat  decreafes. 

20.  I  now  heat  a  fecond  time  the  extremity  of  the  fame  rod,  and  endea¬ 
vour  to  pafs  it  through  the  ring  as  before,  but  am  not  able  with  all  my  force, 
being  become,  as  you  may  eafily  obferve,  much  thicker  than  when  cold  •, 
yet  wait  but  a  little,  till  it  has  returned  to  its  coldnefs,  and  you  will  fee  it 
pafs  the  ring  as  before  ;  which  refufes  to  admit  the  hot  rod,  but  freely  lets  it 
pafs  when  cold. 

21.  If  any  one  have  a  mind  to  compute  the  difference  of  magnitude  be-  The  degrees  of 
tween  red-hot  iron,  or  the  like  body  when  drawn  out  of  the  fire,  to  the  fame  expanfion^ 
when  cooled  to  a  certain  degree  noted  by  the  thermometer;  let  him  pro-  mtaJui€  * 
vide  two  parallel  plates  of  brafs,  A  B,  CD,  as  reprefented  in  the  figure.  See  PL  I. 
Thefe  plates  are  moveable  upon  two  other  lateral  ones,  fo  as  ftill  to  be  kept  fig'  2* 
parallel  to  each  other  ;  the  lateral  ones  being  alfo  divided  into  very  minute 

parts.  Take  now  the  body  to  be  try’d,  and  fitted  between  A  B,  and  C  D, 
by  the  fide  of  the  plate  A  C,  then  heating  it  red-hot,,  immediately  apply  it 
againft  the  fame  A  C,  at  the  fame  time  moving  A  B  from  C  D,  till  the  heated 
body  be  juft  intercepted  between  the  two  ;  which  muft  be  done  with  expedi¬ 
tion,  fo  as  A  C  may  not  acquire  any  confiderable  heat :  thus  we  fhall  have 
the  difference  between  the  length  of  the  hot  and  cold  rod.  It  may  here  be 
neceffary  to  have  the  rod  ftiarp  at  both  ends,  as  reprefented  by  the  figure 

E  F,  that  it  may  not  communicate  much  warmth  to  the  plates. - Other- 

wife  take  a  brafs  ruler  A  B,  the  longer  the  better,  at  the  end  whereof  B, 
eretft  the  perpendicular  B  C,  likewife  long  ;  on  the  point  A,  fit  a  brazen  hy- 
pothenufe  A  D,  moveable  at  A,  over  the  plain  A  B  C,  and  let  the  perpendicu¬ 
lar  B  C,  be  divided  into  minute  equal  parts;  placing  now  the  heated  body  upon 
A  B,  raife  or  lower  A  D,  till  it  juft  intercept  the  rod  :  thus  will  it  indicate 


**  by  the  aCtion  of  fire  ;  but  the  degree  of  fuch 
44  dilatation  feems  rather  to  depend  on  the 
motion,  than  on  the  quantity  of  fire.  For 
“  bodies  are  expanded  by  rubbing,  as  well  as 
“  the  application  of  fire  externally*.” 

“  From  this  expanfion  it  follows,  that  the 
“  conftituent  particles  of  bodies,  acquire  a  re- 
u  pelling  force  by  the  action  of  fire  ;  in  virtue 
41  whereof,  they  endeavour  to  recede  from  each 
“  other,  with  a  tendency  contrary  to  that  of 
“  attraction,  While  this  laft  force  remains 
**  ftronger  than  the  other,  the  particles  cohere 


upon 

**  more  or  lefs,  according  to  the  lefs  or  greater 
“  degree  of  heat :  when  the  repelling  force  is 
“  almoft  equal  to  the  attraction,  the  particles 
“  before  firmly  join’d,  fcarce  cohere,  yield 
“  to  the  fmalleit  impreflion,  and  are  eafily 
“  moved  among  each  other  :  and  thus  it  is, 
that  a  foiid  becomes  a  fluid  by  heat.  The 
**  effeCt  may  be  fo  increafed  in  fome  bodies,  as 
“  that  the  attracting  force  fhall  be  overcome 
“  by  the  repelling  force,  in  which  cafe  the  par 
“  tides  fly  from  each  other  :  and  thus  it  is 
“  that  heat  volatilizes  bodies  f .” 
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upon  B  C,  the  parts  that  exprefs  the  difference,  which  will  be  found  Fo 

much  the  greater,  as  A  B,  and  B  C,  are  the  longer. 

All  ladies  ex-  22.  It  muft  here  be  obferved,  that  this  expanfionof  folid  bodies  by  fire  is 

pavd  with  general,  and  obtains  after  this  manner  in  all  the  inftances  where  obfervation 
beat.  P  ,  i 

has  been  made. 

But  different-  23.  But  you  muft  not  imagine,  that  it  is  thus  great  in  all  bodies.  On  the 
ly  according  to  contrary,  in  the  heavieft  bodies  it  appears  the  leaft,  fuppofing  the  fire  the  fame  j 
their  weight.  anq  jn  t}ie  rarer  the  greater,  in  fuch  experiments  as  I  have  made  j  fo  that 
the  rule  is  truly  general.  I  fhall  content  myfelf  to  have  juft  indicated  thus 
much  ;  you  will  eafily  make  further  obfervations  by  the  laft  inftrument,  and 
learn  whether  all  the  expanfions  of  bodies,  by  the  fame  fire,  be  to  each  other 
as  their  weights.  I  have  been  prevented  from  purfuing  the  fearch,  by  a 
multiplicity  of  bufinefs,  and  toolcanty  an  allowance  of  time  ;  but  from  what 
I  have  feen  and  done,  I.  am  inclined  to  believe,  that  among  folid  bodies  the 
rarer  they  are,  the  more  they  expand  *,  and  the  denfer,  the  lefs. 

And  other  24.  But  there  are  other  caufes  which  produce  a  variety  in  the  quantity  of  the 
properties.  expanfion,  even  beyond  the  denfity,  which  is  meafured  by  the  weight.  Hav¬ 
ing  long  been  folliciting  that  induftrious  artift  Dan.  Gab  Fahrenheit ,  to  furnifii 
me  with  two  thermometers  ;  one  made  of  the  denfeft  fluid,  viz.  mercury  ; 
the  other  of  the  rareft,  viz.  fpirit  of  wine  *,  and  fo  contrived,  as  that  they 
fhould  always  equally  exhibit,  in  the  fame  degree  of  heat,  the  rifingexcefs  of 
the  contained  liquor  on  the  adjoining  fcale,  which  he  ingenioufly  endeavour’d 
to  effedt  accordingly  ;  yet,  when  1  came  to  try  the  agreement  of  thefe  two 
thermometers,  I  found  a  difference,  and  difeovered  it  to  the  maker,  who 
ingenuoufly  own’d  the  failing,  though  he  did  not  then  fee  the  caufe  of  it  ; 
but  revolving  it  often  in  his  mind,  he  at  length  difeover’d,  that  the  very 
glafs  made  in  Bohemia ,  England  and  Holland ,  expands  more  or  lefs  eafily  and 
readily,  by  the  fame  degree  of  heat :  hence  he  inferr’d,  that  the  Inftruments 
would  anfwer,  if  both  were  made  of  the  fame  kind  of  glafs  ;  but  not  if  one 
were  made  of  Bohemian  glafs,  and  the  other  of  Dutch  :  becaufe  that  fort  of 
glafs  expands  the  leaft,  which  requires  the  intenfeft  fire  to  melt  it ;  while  that 
fort  which  eafily  runs  in  the  fire,  dilates  the  more  ;  fuppofing  both  adted 
on  by  the  fame  degree  of  fire.  How  circumfpedt  does  nature  require  us  to 
be,  in  order  to  difeover  truth  in  phyfical  matters  -,  and  how  often  are  we  de¬ 
ceived  by  following  a  general  rule  f  How  different  a  thing  is  it  to  make  ufe 
of  thehafty  conclufions  of  reafon,  from  that  flownefs  of  fcience,  which  goes 
patiently  on  by  cautious  experiments  ? 

Expanfion  the  2 5-  The  expanfion  alfo  increafes  in  proportion,  as  the  quantity  of  fire 
vieafure  of  received  into  the  body  is  greater  ;  fo  that  the  iron  rod,  for  inftance,  when 
beat.  red-hot,  is  longer  than  the  fame  rod  when  only  hot,  but  not  ignited  ;  and  is 

fhorteft  of  all  after  it  has  flood  a  long  time  in  a  cold  atmofphere.  Here  I 
would  recommend  it  to  others  to  compare  the  length  of  iron  (which  of  all  me¬ 
tals  bears  the  greateft  heat  before  it  run)  when  thoroughly  ignited,  fo  as  to  be 
ready  to  melt  in  a  very  cold  feafon,  with  the  length  of  the  fame  iron,  when 
returned  to  its  coldeft  ftate  ;  by  which  the  effedt  is  feen  in  all  its  extent. 
Expanfion  re-  26.  As  foon  as  iron  is  melted  into  a  fluid  matter,  it  appears  to  continue  of 
mams  inf-  ^  fame  bulk  in  the  veflel  it  is  melted  in,  even  though  the  adtion  of  the  fire 

lids  jujed  <y  1 
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le  further  increafed  by  force  of  bellows  :  the  reafon  feems  to  be,  that  it  can 
receive  no  more  fire  into  it ;  and  confequently,  is  incapable  of  further  expan¬ 
fion  by  any  force  of  vulgar  fire.  Yet  metals,  thus  liquified,  may  be  made 
to  imbibe  more  fire,  if  this  be  colledted  to  a  focus ,  and  directed  upon  ’em 
by  means  of  a  concave  fpeculum ,  or  a  convex  burning- glafs. 

27.  Thus  we  learn,  that  fire,  even  from  the  greateft  degree  of  cold  known  All  tie  parts 
to  us,  to  the  higheft  degree  of  heat,  expands  all  the  parts  of  the  hardeft  of  bodies  are 
body  it  is  apply’d  to,  and  removes  ’em  from  their  mutual  contact  on  all  affted 
fides :  it  likewife  appears  that  this  expanfion,  and  the  rarity  of  the  body 

enfuing  thereon,  is  fucceflively  increafed,  till  at  laft  the  whole  mafs,  if  it  be 
fufible,  come  to  melt:  fo  that  in  the  whole  courfe  of  the  growing  heat,  the 
feveral  parts  of  the  heating  body  are  perpetually  receding  from  the  centre 
of  their  refpedtive  maffes,  as  well  as  the  whole  bulk. 

28.  Thus  alfo  we  learn,  that  the  particles  of  fire  diftributed  through  the  Even  in  tie 
mafs,  adt  every  where  with  the  fame  force  upon  the  molecule  which  they  hardefi. 
poffefs  ;  and  that  there  is  no  body  fo  extremely  hard,  but  may  be  changed 

by  the  gentle  adtion  of  the  lighted:  fire,  through  its  whole  mafs,  fo  as  no 
part  of  it  fhall  remain  unchang’d. 

29.  Now  what  is  this  expanfion  but  a  receding  into  other  greater 
fpaces  than  the  former  ?  From  whence  I  conclude,  that  the  parts  were  mov¬ 
ing  during  the  whole  courfe  of  the  operation  :  which  further  fhews  that 
fire  moves  all  the  parts  of  the  hardeft  body,  both  internal  and  external  •,  and 
this  according  to  all  its  dimenfions  ;  and  the  more  fo,  by  how  much  the 
fire  is  more  raifed ;  till  having  at  length  reduced  them  all  into  a  fluor^  it  fhakes 
and  mixes  them  with  great  violence. 

30.  Yet  it  may  be  doubted,  whether  fire  has  yet  attenuated  the  mafs  fo  Whether  fire 
as  that  the  parts  now  fluid  are  the  elements  of  the  body,  while  they  retain  fufes  ecuen  t0 
their  fluidity  ;  and  whether  the  particles  of  metals,  thus  liquified  by  fire,  be 

fo  intimately  mixed  even  to  their  minuted:  parts,  as  that  the  like  attenuation 
cannot  be  produced  by  any  other  means.  The  refiner’s  art,  ’tis  certain, 
lhews  us  that  a  Angle  grain  of  gold,  if  mixed  with  an  hundred  thoufand 
grains  of  pure  melted  diver,  fo  as  that  the  two  may  run  together,  the  gold 
will  blend  and  incorporate  itfelf  fo  thoroughly  with  the  filver,  that  if  you 
afterwards  cut  the  fmalleft  grain  from  the  mafs,  you  will  find  in  it  the  due 
proportion  of  gold  and  filver,  viz.  as  1  to  100000  ;  and  this  ad  infinitum  ; 
there  being  no  limits  to  this  faculty  which  gold  has  of  dividing  and  diftri- 
buting  itfelf  thro*  filver.  If  this  experiment  be  confider’d  clofely,  we  fhall 
think  it  no  way  improbable,  that  the  fire,  while  adting  on  the  gold,  in 
the  whole  courfe  of  its  increafe,  from  the  greateft  cold,  was  continually 
moving  its  elementary  particles,  fo  as  to  make  them  cohere  lefs  and  lefs, 
till  at  laft  they  become  difunited,  or  fet  at  liberty  from  each  other,  and 
thus  move  freely  about. 

31.  ’Tis  alfo  the  fire  alone,  which,  while  it  continues  to  adt  with  the 
fame  force,  hinders  the  particles,  as  they  touch  one  another,  from  clinging, 
or  cohering  again ;  for  if  the  fame  fire  be  removed,  they  immediately  coalefce 
and  harden  as  before. 
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'The particles  32.  It  muft  be  o wnM,  the  parts  of  a  pure  metal,  when  melted  by  the 
of  metal  at-  fire,  flip  retain  an  endeavour  to  unite  again  ;  as  we  fee  gold,  filver,  and  the 
Tcfinfa/i 17  ot'^er  tnetals,  when  fufed,  immediately  colled  themfelves  into  a  fphere, 
after  the  fame  manner,  as  mercury  affeds  to  form  itfelf  into  a  fpherical  fi¬ 
gure,  unlefs  the  weight  of  the  parts  ftiould  hinder.  But  this  power  cannot 
obtain  its  effed  fo  long  as  the  violence  of  the  fire  interpofes. 

Fufion  alone  33.  Two  pieces  of  gold  can  never  be  join’d  with  the  tenacity  peculiar 
fts  metals  to  to  this  metal,  unlefs  they  be  both  divided  to  the  laft  particles  •,  viz.  by 
Va^Htarts  me^ng  ^era  by  the  fire  :  For  then,  when  cold  again,  they  immediately  re¬ 
cover  their  former  dudility.  And  what  has  been  fpoke  concerning  metals, 
holds  alfo  in  other  fimple  bodies  ;  as  in  fix*d  falts,  glafs,  and  the  like. 
From  hence  we  alfo  learn,  that  it  is  not  only  poflible,  but  even  is  a6tually 
feen,  that  a  body  which  appears  perfedly  hard  and  immovable,  may  be  im¬ 
mediately  fo  fhaken  in  all  its  component  elements,  as  that  even  the  minuted 

particle  in  its  whole  mafs  fhall  not  remain  abfolutely  at  reft. - All  which 

points  hitherto  enumerated,  follow  fo  clearly  from  the  confideration  of  the 
experiment  above  propofed,  that  no  difficulty  can  arife  therein  :  fo  that  fire 
appears  to  ad  on  the  very  intimate  nature  of  bodies. 

34.  Henceforward,  therefore,  we  need  not  wonder  at  what  is  fome- 
times  known  to  happen,  viz.  that  the  ftrongeft  buildings  tumble  down  in 
hot  fultry  weather,  ufually  about  noon-day,  and  without  any  wind. 

Bodies  not  e-  35 •  From  this  property  of  fire  we  alfo  infer,  that  bodies  become  much 
very  where  of  bigger  in  all  their  dimenfions  in  the  torrid  zones  than  in  the  frigid  ones  :  and 
the  fame  fize.  thus  alfo  are  comparatively  lighter  in  the  former  fituation  ;  as  containing  the 
fame  quantity  of  matter  under  a  greater  furface.  By  this  means  alfo  their  per- 
cuffions  are  performed  with  the  lefs  force :  and  hence  pendulums  prepared 
in  the  frigid  zones,  grow  longer  in  the  torrid  ones,  and  thus  make  their  of- 
cillations  flower ;  by  which  means  the  beft  clocks  are  made  to  err.  The 
like  is  found  even  in  the  fame  country  at  different  times  of  the  year,  according 
to  the  different  degrees  of  heat. 

The  laxity  of  36.  *Tis  with  truth,  therefore,  it  has  been  afferted  in  all  ages,  that 
bodies,  what,  bodies  are  chiefly  loofen’d,  and  weaken’d  by  fire  ;  for  as  thofe  two  words 
denote  the  condition  of  folid  bodies,  whereby  they  become  drfpofed  to  be 
eafily  diffolved,  by  a  weaker  agent,  into  their  parts;  it  is  evident  from  what 
we  have  juft  ftiewn,  that  fire  does  this  from  its  weakeft  degree,  and  that 
every  ftep  whereby  it  is  increafed,  promotes  the  diffolution  more  and  more  ; 
till  at  length  there  is  no  more  firmnefs  left,  even  in  the  hardeft  bodies,  but 
they  liquify  and  run.  Accordingly,  it  appears  by  the  hiftory  of  all  ages, 
that  the  inhabitants  of  Afia  and  Africa ,  who  are  expofed  to  the  greateft  ac¬ 
tion  of  the  fun,  have  always  been  fofter  and  weaker,  and  confequently  more 
difpofed  to  lazinefs  and  indolence.  So  in  burning  fevers,  the  exceffive  heat 
diffolves  and  enervates  the  whole  body  ;  the  dried  parts,  it  muft  be  owned, 
do  here  grow  ftiff  and  rigid  ;  but  this  is  not  owing  to  the  fire  confidered  as 
lodged  in  the  folid  parts,  but  confidered  as  it  evaporates  the  aqueous  parts : 
In  which  fenle  alone,  it  can  be  truly  kid,  that  fire  ftrengthens  fome  bodies 
which  were  weak  before. 
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37.  Cold,  which  is  ufually  called  the  abfence  of  fire,  contrails  hard  bo-  Cold  contract 
dies  in  all  their  dimenfions,  fo  long  as  it  remains  in  them.  This  has  been  allkodie5- 
fhewn  fo  clearly  in  the  former  experiment,  that  it  would  be  needlefs  to 

give  any  further  proof. - But  from  this  you  will  give  me  leave  to  draw 

feveral  conclufions. 

38.  All  bodies  of  a  folid  ftruCture  are  equally  fubjeCb  to  this  a&ion  Contraaion 
of  cold  ;  nor  has  any  been  yet  found,  however  denfe  and  compaCt,  but  cold  the  meafure  <f 
renders  (till  denfer  j  not  even  excepting  diamonds,  the  hardeft  of  all  known  cold' 
bodies. 

39.  That  as  the  degree  of  cold  increafes,  this  contraction  is  alfo  in- 
created  j  the  former  contraction  {till  decreafing  as  the  cold  is  lefs. 

40.  And  what  is  further  remarkable,  this  reduction  of  bodies  into  lefs 
fpace  obtains  even  in  hollow  fpheres,  and  orbicular  annuli ,  towards  the  cen¬ 
tre  of  the  body,  or  the  furface.  Thus  if  this  iron  ring  be  cold,  it  will  not 
admit  the  cylinder  in  my  hand  ;  but  after  it  has  been  a  little  heated,  lets  it 
pafs  with  eafe.  So  this  glafs  fphere,  which  terminates  in  a  narrow  cylindri¬ 
cal  neck,  when  filled  with  a  coloured  liquor  as  high  as  the  mark  in  the  cy¬ 
linder,  and  then  plunged  into  a  liquor  much  colder  than  its  own,  the  co¬ 
loured  fluid  at  firfl:  rifes  very  fenfibly,  but  prefently  falls  again  •,  by  reafon 
the  external  cold,  applied  to  the  furface  of  the  immerged  fphere,  before  it 
penetrates  to  the  liquor  contain’d  in  it,  firfl:  cools  the  elafs,  which  contract-  -$***&*<*’ 
ing  hereupon,  drives  the  liquor  out  or  the  fphere  into  the  neck,  or  pipe :  dies. 

But  no  fooner  has  the  cold  arrived  at  the  body  of  the  liquor  itfelf  than  it 
makes  it  contract,  and  thus  fink  again.  From  which  experiment  we  learn 
the  nature  of  this  contraction  j  which  refides,  if  I  may  fo  call  it,  in  the  in¬ 
timate  fubftance  of  bodies. - The  fame  contraction,  enfuing  upon  cold,  is 

itill  more  fenfible  in  other  hot  veflels, 

41.  It  appears,  like  wife,  from  all  experiments,  that  this  reduction  of  Whence  the 
bodies  into  lefs  fpace,  always  proceeds  proportionably  to  the  cold  itfelf ;  relative 
thus  is  the  bulk  leflened,  and  the  weight  retained,  though  the  comparative 
fpecific  weight  be  increafed :  fo  that  in  fevere  cold  weather,  all  bodies  are  uncertain , 
found  the  lefs  in  bulk.  But  as  no  one  can  aflign  a  body,  wherein  there  is 
abfolute  cold,  or  in  which  there  is  no  fire  ;  hence  it  is  alfo  impoflible  to  re¬ 
duce  any  body,  for  inftance  an  ounce  of  gold,  into  its  leafl:  poflible  bulk. 

In  the  mean  while,  we  mult  find  the  ratio  of  condenfation,  by  that  of  the 
degrees  of  cold. 

42.  Hence,  alfo,  the  mere  abfence  of  fire  produces  a  motion  flill  more  The  fubjlancs 
wonderful  in  all  folid  bodies  :  I  mean  a  motion  in  all,  both  the  external  and  0{0^0tf*fodb 
internal  parts,  by  virtue  whereof  all  the  atoms  of  the  body  tend  towards  its  e  y 
centre,  and  by  that  means  alfo  draw  nearer,  and  cohere  fafler  together.  If, 
therefore,  cold  were  a  meer  privation  of  fire,  the  power  which  contracts  the  Hence  cold  is 
particles  of  a  folid  body,  would  be  innate,  or  implanted  in  the  nature  o i  [roper  to  body. 
body  itfelf  j  while  the  power  that  expands  would  depend  upon  the  fire,  and 
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confequently  be  fomething  extrinfic,  or  fuperadded  to  bodies,  and  therefore 
violent.  Accordingly,  bodies  would  then  endeavour  to  fhrink  into  clofe  mafles, 
till  they  arrived  at  the  minima ,  or  leaft  elements ;  when  they  would  remain 
perfectly  folid  and  quiefcent:  whereas,  on  the  contrary,  they  are  now  con¬ 
tinually  fhaken  by  fire*  nor  ever  arrive  at  a  ftate  of  reft  :  fo  that  the  end  of 
cold  is  a  ftate  of  abfolute  reft,  between  coherent  particles  ;  and  the  end  of 
fire  a  perpetual  agitation  of  diflolved  particles  (*). 

43- 


{<?)  Fire,  thus  being  acknowledged  the  in- 
flrumental  caufe  of  all  motion  ;  it  remains  that 
itfelf  be  moved :  nay,  to  move  mult  be 
more  natural,  and  immediate  to  fire,  than 
to  any  other  body  ;  and,  hence,  fome  have 
ventured  to  make  motion  effential  to  fire  :  but 
as  this  is  inconfillent  with  the  notion  of  matter, 
which  is  defined  to  be  inert,  and  pafiive ;  and 
as  we  fhall  hereafter  fhew  that  fire  is  mate¬ 
rial  ;  we  mull  rather  agree,  that  the  motion 
of  fire  itfelf  is  derived  from  fome  other  higher, 
and  more  metaphyfical  caufe.  A-property  of 
perpetual  mobility  may  indeed  be  fuperadded 
to  the  other  properties  of  fire  ;  but  it  has  no 
natural,  neceffary  connection  with  them  :  nor 
can  it  be  maintained  with  them  otherwife  than 
by  fome  extrinfic  eflicacy  of  a  fuperior  caufe. 

However,  that  it  is  by  motion  that  fire  pro¬ 
duces  its  effedts,  is  evident.  And  hence  the 
aCtion  of  fire  cannot  make  any  alteration  in 
the  elementary  fubflance  of  bodies ;  for  it  is 
neceffary,  that  what  aCts  upon  an  objeCt,  be 
without  that  objeCt  ;  i.  e.  the  fire  mult  not 
penetrate  the  elementary  parts,  but  only  enter 
the  pores  and  interfaces  of  bodies:  fo  that  it 
does  not  feem  capable  of  making  thofe  tranf- 
mutations  which  Sir  lfaac  Newton  afcribes  to 
it  ;  of  which  we  (hall  fpeak  hereafter. 

In  effeCt,  as  to  all  our  purpofes,  it  may 
perhaps  be  faid,  that  fire  is  always  in  motion  : 
take,  for  inflan ce,  fix.feveral  forts  of  ther¬ 
mometers,  and  two.  veffels  of  water  with  fal- 
ammoniac  mixed  therein  ;  and  apply  the 
thermometers  thereto  :  the  confequence  will 
be,  that  the  air  being  condenfed  in  them,  the 
fpirit  will  defcend  in  all  :  remove  the  veffels 
of  water  ;  and  the  air  growing  warmer,  and 
fo  rarefying,  the  fpirit  will  afcend  again.  So 
that  the  aCtive  force  in  air  which  produces  fa 
many  effeCts,  does  really  all  arife  from  the  fire 
contained  in  it. 

Again,  as  all  bodies  placed  in  a  very  cold 
air,  do,  by  degrees,  grow  cold,  motionlefs, 
rigid,  &c.  tho’  there  be  Hill  fome  remains  of 
fire ;  and  in  proportion  as  that  is  diminifhed, 
the  effeCt  is  accelerated  ;  it  follows,  that  cold, 
i.  e.  a  lefs  degree  of  heat,  is  the  effeCt  of  a 
leffer  aCtion  of  fire.  And  fo  all  aCtion  appa¬ 
rently  arifes  from  the  fame  fgurce. 


Tho’  fire  be  the  great  caufe  of  fluidity,  and 
motion,  yet  is  it  frequently  found  in  fuch 
fmall  quantity,  that,  inftead  of  fufing,  or 
keeping  bodies  in  a  ftate  of  fufion,  it  becomes 
inclofed,  and  fixed  therein,  fo  as  to  remain, 
as  it  were,  imprifoned,  till  fome  external 
caufe  come  to  itsaffiftance,.  and  open  the  cells 
which  before  detained  it; 

This  is  the  cafe  in  quick-lime,  as  alfo  in 
lead,  tin,  regulus  of  antimony,  CsV.  when 
calcined :  in  which  the  younger  Lemery  ob- 
ferves  two  things:  (i)  That  the  fire  thus  in- 
c.lofed,  makes  a  fenfible  addition  to  the  weight 
of  the  body  ;  amounting  fometimes  to  one 
tenth  of  the  whole :  And,  (2)  That  during 
this  imprifonment  it  ftill  retains  all  the  parti¬ 
cular  properties  or  characters  of  fire  ;  as  ap¬ 
pears  hence,  that  when  once  fet  at  liberty  a  - 
gain,  it  has  all  the  effeCts  of  other  fire.  Thus,, 
a  ftony  or  faline  body  being  calcined,  and  wa¬ 
ter  poured  on  them  ;  that  fluid  is  found  fuffi- 
cient,  by  its  external  impreflion,  to  break  up 
the  cells,  and  let  the  fire  out  :  and  upon  this 
the  water  is  rendered  more  or  lefs  warm,  ac¬ 
cording  to  the  quantity  of  fire  lodged  thereia. 
Hence,  alfo,  it  is,  that  as  fome  of  thefe  bo¬ 
dies  contain  a  deal  of  fire;  and  the  flighted:  oc- 
cafion  is  capable  of  difengaging  it ;  upon  ap¬ 
plying  them  to  the^fkin,  they  burn,  and  raife 
an  efchar  not  unlike  that  of  a  live  coal. 

To  this  it  is  otyeCted,  that  the  particles  of 
fire  are  only  fuch  in  virtue  of  the  rapid  mo¬ 
tion  wherewith  they  are  agitated  ;  fo  that  to  . 
fuppofe  them  fixed  in  the  pores  of  a  body,  is 
to  diveft  them  at  once  of  that  which  conflitu- 
ted  them  fire ;  and  confequently,  to  difqualify 
them  for  producing  the  effeCts  afcribed  to 
them.  To  which  M.  Letnery  anfwers,  that 
though  the  rapid  motion  of  fire  do  contribute 
very  greatly  to  its  effeCts  ;  yet,  the  particular 
figure  of  its  particles  is  to  be  confidered  withal. 
And  though  fire  fhould  be  detain’d,  and  fixed 
in  the  fubflance  of  bodies ;  yet  why  fhould  it 
fare  worfe  than  other  fluids  in  the  fame  cir- 
cumftances  ?  Water,  for  inftance,  is  a  fluid, 
whofe  fluidity  depends,  as  already  obferved, 
on  fire  ;  and,  confequently,  is  lefs  fluid  than 
fire  :  and  yet,  every  day,  water  is  inclofed  in 
bodies  of  all  forts,  without  loling  its  fluidity, 

or 
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43.  It  may  be  here  afked,  whether  fire  and  cold  do  not  feem  the  only 
things  that  affetft  the  fubftance  of  bodies  ;  others  only  affecting  the  parts 
thereof?  Whether  abfolute  reft  in  any  fpace  would  not  make  the  greateft 
cold  ?  And  whether  there  would  not  be  reft  in  a  place  where  there  is  abfo- 
Jutely  no  fire  ? 

44.  Hence  alfo  pendulums  becoming  lhorter  towards  the  poles  of  the 
earth  make  a  greater  number  of  vibrations  in  the  fame  time ;  and  the  weights 
or  bobs  faften’d  to  them,  becoming  thus  alfo  condenfed,  have  a  lefs  fur- 

face 

particles  of  the  fpirit  of  wine  into  feme  of  its 
pores,  which  were  either  larger,  or  more 
fit,  without  admitting  it  into  the  moll  nu¬ 
merous,  whereinto  the  liquor  mud  be  re¬ 
ceiv’d,  to  be  able  fuddenly  to  diflipate  the 
corpufcles  of  lime  into  their  minuter  parti¬ 
cles  *}-•  ” 

“  Thefe  phsenomena  feem  to  {hew,  that  the 
difpolition  which  lime  has  to  grow  hot 
with  water,  greatly  depends  on  fome  pecu¬ 
liar  texture  ;  fince  the  aqueous  parts,  which 
one  would  think  capable  of  quenching  moft 
of  the  fiery  atoms  fuppofed  to  adhere  to 
quick  lime,  did  not  near  fo  much  weaken 
the  difpolition  of  it  to  heat,  as  that  accefs 
of  the  fpirituous  corpufcles  ;  and  their  con¬ 
texture  with  thofe  of  the  lime,  increafed 
it  4.” 

“If,  inftead  of  cold  water,  you  quench  the 
lime  with  hot  water,  the  ebullition  will  be, 
oftentimes,  far  greater  than  if  the  liquor  were 
cold.  And  this  might  well  be  expedted  ; 
hot  water  being  much  fitter  than  cold,  fud¬ 
denly  to  pervade  the  body  of  the  lime,  and 
haftily  diftblve,  and  fet  at  liberty  the  fiery 
and  faline  parts,  wherewith  it  abounds. 
And  what  a  greater  intereft  falts  may  have 
in  producing  fuch  heats  than  cold,  I  have 
alfo  tried,  by  pouring  acid  fpirits,  and, 
particularly,  fpirit  of  fait,  upon  good  quick¬ 
lime.  For  by  this  means,  there  would  be 
a  far  greater  degree  of  heat  excited,  than  if 
l  had  ufed  common  water  ;  and  this,  whe¬ 
ther  I  employed  the  fpirit  cold  or  hot  j|.” 

“  It  is  not  eafy,  fays  the  fame  author,  to 
apprehend  how  fuch  light  and  minute  bo¬ 
dies  fhould  be  fo  long  detained,  as  mull  by 
this  hypothefis  be  allowed,  in  quick-lime 
efpecially  ;  fince  no  great  heat  enfues  the 
pouring  of  water  upon  minium,  or  crocus 
martis  perfe,  though  they  have  been  calci-  - 
ned  by  a  violent  fire ;  the  effluvia  whereof 
feem  to  adhere  to  them,  by  the  increafe  of 
weight  the  lead  and  iron  manifeflly  receive  ,• 
from  the  operation  of  it  **”. 
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or  any  of  the  properties  that  charadterize  it. 
Add,  that  when  water  is  froze,  the  motion 
of  its  parts  is,  doubdefs,  difeontinued ;  and  yet 
the  figure  of  the  particles  remaining  the  fame, 
it  is  ready  to  commence  a  fluid,  as  before,  up* 
on  the  leaft  warmth.  Laftly,  though  fait  be 
allowed  to  be  the  matter  of  tafte,  and  that  it 
has  certain  properties,  arifing  chiefly  from  the 
figure  of  its  parts  ;  yet,  it  only  adls  when  dif- 
folved  ;  or,  which  amounts  to  the  fame,  when 
it  fwims  in  a  fluid  proper  to  keep  its  parts  in 
motion  :  yet  it  is  not  lefs  fait,  or  lefs  the  mat¬ 
ter  of  tafte,  when  not  in  a  ftate  of  diiTolution. 
To  defpoil  it  of  that  quality,  the  figure  of  its 
parts  m'uft  be  alter’d. 

As  to  what  may  be  further  objedted  of  the 
impoflibility  of  fixing  fo  fine,  fubtile,  pene¬ 
trative,  and  adtive  a  matter  as  fire,  within  the 
fpongeous  fubftance  of  a  grofs,  porous  body  j 
it  will  be  of  no  great  weight,  unlefs  it  can  be 
proved,  that  the  pores  of  the  cells  are  bigger 
than  the  fame.  If  it  be  infilled,  again,  that  a 
body  which  could  find  its  way  intoafolid  body, 
might  get  out  again  the  fame  way  ;  and  that  as 
it  only  penetrated  the  body,  inafmuch  as  its 
own  corpufcles  were  fmaller  than  the  pores  ; 
fo,  the  fame  pores  mult  let  it  out  again  :  it  is 
anfwered,  that  the  pores  are  not  now  in  the 
fame  condition  as  before  ;  the  fire,  in  calci¬ 
ning,  open’d,  and  dilated  the  pores  ;  which, 
upon  the  fire’s  ceafing,  mud  clofe,  and  con- 
tradl  again  *. 

“Tho’  a  greatlikenefs  might  be  expedle-d,” 
fays  Mr.  Boyle,  “  between  the  particles  of  fire 
“  adhering  to  quick-lime,  and  thofe  of  highly 
“  redtified  fpirit  of  wine ;  yet  I  have  not 
“  found,  that  the  affufion  of  that  fpirit  upon 
“  quick-lime  produced  any  fenfible  heat,  or 
“  vifible  diffolution  of  the  lime,  tho’  it  feem’d 
“  to  be  greedily  fuck’d  in,  as  common  water 
“  would  have  been.  And  I  further  tried,  that 
“  if cold  water  were  poured  on  the  fame  lime, 
“  fo  drenched,  there  enfued  nomanifeft  heat ; 
“  nor  did  the  lump  appear  fwell’d  or  broken, 
“  till  fome  hours  after  ;  which  feems  to  argue 
*  ‘  that  the  texture  of  the  lime  admitted  fome 

*  Mesn.  de  l'j4cad.  an,  1709. 

1  Boyle  Mech.  Orig.  of  Heat,  iffc. 

**  Boyle  Mech .  Orig.  of  Heat. 
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•  face  to  -oppofe  to  the  air,  and  therefore  will  undergo  Iefs  refinance  from  it. 
May  not  this  be  one  of  the  caufes  of  the  fpheroidical  figure  of  the  earth  ;  and 
which  makes  cold  prevail  at  the  poles,  and  heat  at  the  equator  in  a  certain 
proportion  ? 

Dnfity from  45.  Cold  alio  confolidates  all  thofe  called  firm  bodies,  that  is,  brings 

i°ui.  that  part,  which  we  call  body  in  them,  into  lefs  compafs  than  before,  and 

thus  unites  the  matter  thereof  more  clofely  together :  by  which  means  the 
cohefion  of  the  whole  mafs  is  ufually  increafed  ;  which  makes  what  we  call 
ftrength,  or  firmnefs  in  bodies.  It  alfo  makes  the  feveral  parts,  whereof 
the  body  confifts,  cohere  more  ftrongly  to  each  other ;  fo  as  not  to  be  fo 
eafy  to  be  torn  or  feparated  from  the  adjoining  one,  as  before  ;  which  is 
•another  caufe  of  the  liability  found  in  bodies.  Laftly,  fo  far  as  we  can  per- 
.  ceive,  it  binds  the  very  atoms  of  the  body  clofer,  as  well  as  the  whole  bulk  ; 
which  was  juft  now  laid  to  be  ading  upon  the  very  fubftance  itfelf  ;  by 
which  means  arifes  the  higheft  firmnefs  and  liability  of  all  things.  But  what 
can  the  molt  penetrating  mind  conceive  of  fuch  laft  corpufcles  ?  for  my 
part,  all  I  can  conceive  is,  that  tho’  we  go  on  dividing  and  abftrading  to  in¬ 
finity,  body  will  ftill  confift  of  other  lefter  ones  *,  which,  if  it  be  a  fimple 
body,  will  be  perfectly  like  the  greater ;  and  thofe  again  confift  of  other  fimilar 
lefs  ones.  It  appears,  therefore,  that  the  Creator  has  infufed  a  principle  in 
things,  whereby  certain  corpufcles  unite  into  little  mafies,  fo  firmly  cohering 
as  that  no  power  implanted  in  nature,  or  to  be  excited  by  art,  can  divide 
them  into  lefs  parcels  *,  and  confequently  they  muft  remain  the  fame,  what 
violence  foever  be  applied.  In  the  mean  while,  thefe  may  cohere  again 
with  the  like  bodies,  and  this  with  fo  much  force,  as  to  form  a  durable  co¬ 
alition,  and  rarely  to  be  feparateda  yet  liable  to  be  fo  by  a  few  certain  means; 
but  fo  as  after  feparating  into  the  above-mention’d  atoms,  they  muft  thence¬ 
forward  remain  immutable.  An  intenfe  meditation  on  the  powers  and  ac¬ 
tions  of  nature  led  me  to  the  difcovery  of  thefe  fimple  principles,  from 
whence  the  atoms  of  Democritus ,  the  Monades  of  fome  other  philofophers,  the 
Hylarchies  of  others,  and  the  ultimate  principles  of  things  of  almoft  all  phi- 
lofophers,  may  eafily  be  explain’d  ;  but  it  may  be  afked,  are  thefe  parti¬ 
cles  fo  folid  as  not  to  admit  fire  between  them  ;  and  are  they  neither  dila¬ 
table  nor  comprefiible  by  any  power  ;  and  does  all  condenfation  and  rarifac- 
tion  then  go  only  to  the  compounds  of  thefe  atoms,  and  not  to  the  com¬ 
ponent  elements  themfelves  ?  *Tis  a  known  obfervation  of  naturalifts  and 
phyficians,  that  all  the  folid  bodies  in  the  three  kingdoms  are  ftrengthen’d 
by  cold. 

The  reapr oca-  46.  And  the  alternate  change  of  heat  and  cold,  which  prevails  in 
/ions  of  heat  the  univerfe,  feems  to  produce  a  continual  agitation  in  all  the  bodies,  and 
the  whole  univerfe,  and  even  all  the  particles  thereof,  whenfoever  thefe 
two  fucceed  each  other ;  fince  the  adion  of  each  necefifarily  produces  the 
abovemention’d  efflds. 

47.  But  the  fame  degree  of  either  does  not  long  continue,  but  rather 
is  continually  changing,  and  the  fucceftion  of  one  ufually  tempers  the  excefs 
of  the  other,  by  producing  dired  contrary  effeds  to  the  other.  Thus,  if  we  at¬ 
tend  to  the  order  of  nature,  Ihe  appeals  to  obferve  nothing  with  more  caution, 

.  '  ■  than 


and  cold . 


XJfeful  in  na¬ 
ture. 


223 


The  Theory  of  Chemistry, 

than  that  heat  and  cold  do  not  long  continue  the  fame.  •  This  lhe  feems 
to  have  had  in  view,  in  fo  ordering  the  expofition  of  the  earth  to  the  fun’s 
rays,  as  that  the  earth  might  at  one  time  be  ftruck  with  more  oblique  rays, 
and  at  another  with  more  diredfc  and  perpendicular  ones  ;  and  fhould  not  ever 
remain,  even  for  the  fhorteft  fpace  of  time,  in  the  fame  afpedt :  by  which 
means  the  different  feafons  of  the  year,  by  the  diverfities  they  make  in  the 
fire,  are  continually  exciting  different  effedls.  I  fay  nothing  of  the  changes 
of  day  and  night,  which  are  producing  continual  diverfities  :  fo  that  the  fame 
degree  of  fire  continues  not  a  quarter  of  an  hour,  even  on  account  of  thefe  : 
and  meteors  make  this  mutability  ftill  more  confpicuous.  The  fun’s  heat  has 
fcarce  fcorched  the  earth,  and  fill’d  the  atmofphere  with  vapours  and  exha¬ 
lations,  before  clouds  arife,  alfo  thunder,  lightning,  hail,  and  rain,  which 
produces  a  quick  change  to  intenfe  cold.  From  all  which  we  may  infer,  that 
there  is  a  perpetual  periftaltic  or  ofcillatory  motion  of  the  conftituent  parts  of 
all  the  folid  bodies  in  the  univerfe. 

48.  The  excellency  of  this  continual  viciflitude  confifts  in  this,  that 
hereby  other,  and  much  greater  varieties  of  things  are  produced,  than  could 
be  if  either  of ’em  were  to  continue  a  longer  time  in  the  fame  uniform  degree. 
Thus,  the  fire,  when  it  continues  long,  dries  and  renders  what  remains  of 
plants  and  animals  durable,  and  a  conftant  froft  does  the  like :  but  when  it 
freezes  and  thaws  by  frequent  turns,  all  things  become  intimately  diffolved, 
volatiliz’d  and  difperfed  into  air.  It  would  be  endlefs  to  recount  the  nume¬ 
rous  effedts  which  depend  on  this  principle. 

49.  Accordingly,  the  wife  author  of  nature  feems  to  have  eftablifh’d 
this  uniform  viciflitude  in  things,  that  the  whole  univerfe  might  continue  in 
perpetual  motion,  not  only  as  to  the  larger  bodies,  but  their  intimate  and 
remoteft  particles ;  and  by  fuch  means  the  rife,  growth,  ftate,  decreafe,  and 
deftrudtion  of  all  things,  may  be  effected  by  the  fame  law  in  each. 

50.  But  who  can  define  the  limits  of  cold  ?  Where  is  it  fo  intenfe  as 
that  it  may  not  be  ftill  increafed  ?  *Tis  probable,  this  may  obtain  where  there 
is  no  fire  ;  but  it  is  impoflible  to  find  any  fuch  place  ;  nor  can  we  by  any  art 
drive  all  the  cold  out  of  any  given  body  or  fpace  :  it  is  vain  even  to  think  on 
it.  But  is  the  higheft  degree  of  cold  then  more  eafy  to  be  afligned  ?  By  no 
means  *,  nor  do  we  in  the  leaft  know  how  much  fire  might  be  collected  in  a 
certain  fpace.  We  are  furprized  at  the  force  of  fire  when  colleded  into  a 
focus  by  concave  fpeculums ,  or  refradted  and  united  by  convex  glaffes  ;  but 
who  knows  how  immenfely  thefe  might  ftill  be  increafed  if  the  fpeculums 
were  much  bigger,  and  made  . of  a  conoidal,  or  parabolical  figure  ;  or  of  a 
perfectly  folid,  or  compadt  matter,  not  admitting  the  leaft  vacuity  ;  or  ot  a 
body  of  fuch  a  nature,  as  has  a  power  of  refleding  the  rays  fuch  as  they  were 
before  the  incidents  ? 

51.  However,  it  may  fuflice  for  us  to  denote  the  degrees  of  fire,  fuch 
as  they  are  found  among  the  bodies  we  converfe  with.  It  will  be  eafy  like- 
wife  to  obferve  the  augmentations,  diminutions,  and  general  adtion  of  fire, 
by  what  we  have  already  fhewn.  In  order  to  this,  we  need  only  obferve 
the  increafe  or  decreafe  of  bodies,  as  to  extenfion  •,  which  may  be  done  by 
proper  inftruments. 

52. 
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52.  In  the  mean  while,  it  will  be  a  matter  of  great  nicety,  as  well  as 
labour,  to  determine  the  quantity  of  fire  in  any  given  place,  as  that  its  pro¬ 
portion  to  the  fire  of  any  other  known  place  may  be  afiigned  in  numbers:  to 
find  whether  or  no  it  be  increafed  is  eafy  and  obvious  ;  but  to  eftimate  the 
precife  degree  of  fuch  augmentation  is  exceedingly  difficult:  yet  it  will  ap¬ 
pear  in  the  fequel,  that  this  difficulty  is  by  no  means  infuperable  by  human 
induftry. — > — - — —Thefe  are  the  chief  particulars  clearly  deducible  from  the 
firfi:  and  ffcond  obfervation  5  and  which  are  of  much  ufe  in  chemiftry. 

EXPERIMENT  III. 

53.  Common  air,  by  a  fmall  increafe  of  fire,  expands  every  way  in  its 
whole  bulk,  as  well  as  in  all  its  parts. 

54.  This  has  long  been  known  to  philofophers,  but  further  illuftrated  and 
proved  by  Mr.  Boyle ;  fo  that  we  need  dwell  no  longer  on  it.  This  was  fhewn 
by  the  thermometer,  firft  invented  by  Corn.  Drebbel  of  Alcmaer ,  which  vifi- 
bly  attracts  or  repels  liquors,  by  the  foie  means  of  rarified  or  condenfed  air. 
You  may  obferve  how  by  bare  blowing  on  the  ball  of  this  inftrument,  I  make 
the  tinged  liquor  contained  in  the  tube  fenfibly  afeend  ;  and  when  I  defift  from 
blowing,  you  immediately  perceive  the  liquor  return  to  its  former  height. 

55.  The  fame  may  alfo  be  fhewn  by  applying  a  warm  hand  to  the  ball. 

- — - — And  the  like  inftruments  may  alfo  be  fo  made,  as  to  note  even  the 

minuteft  difference  in  the  fire,  fo  as  to  exhibit  to  the  eye  a  perpetual  uninter¬ 
mitting  fyftole  and  diaftole  of  the  air.  Provide,  for  inftance,  a  veffel  made 
of  thin  and  very  tranfparent  glafs,  and  of  a  figure  compos’d  of  two  fpherical 
fegments  conne&ed together  jfo  as  the  greateftoppofite  fegments  AB,  CD,  be 
not  far  apart  from  each  other  ;  the  bigger  and  clofer  this  veffel  is,  provided 
the  air  may  eafily  be  let  in  and  out  of  it,  the  fitter  it  will  be  for  the  prefent 
purpofe.  This  veffel  is  to  terminate  in  a  flender  tube  E  F,  open  at  F,  of  a  very 
narrow  bore,  yet  wide  enough  to  admit  the  air,  with  its  whole  force,  freely  thro* 
it.  This  veffel  being  expofed  to  the  air,  fo  as  to  fill  itfelf  therewith,  and 
then  plunged  with  its  orifice  F,  into  a  veffel  full  of  deeply  tinged  water  ; 
and  laftly,  the  veffel  itfelf  ABCD,  a  little  heated,  bubbles  of  air  will  im¬ 
mediately  iffue  out  of  EF,  through  the  orifice  F,  and  this  fo  long  as  the 
fire  remains  about  the  veffel.  After  enough  of  this  air  has  been  evacuated, 
viz.  a  few  bubbles,  remove  the  heat,  and  the  tinged  liquor  will  imme¬ 
diately  afeend.  If  then  care  have  been  taken,  that  too  much  air  be  not 
expell’d  by  the  heat,  the  tinged  liquor  will  be  fufpended  about  the  middle  of 
the  tube  FE,  where  it  will  play  up  and  down,  upon  the  leaft  variation  of  heat 
and  cold  *,  and  this  the  more  evidently,  by  how  much  the  glafs  is  thinner, 
the  veffel  ABCD,  bigger  in  refpedt  of  the  tube  FE,  and  the  fegments  AB, 
CB,  nearer :  all  which  is  eafily  demonftrated  on  the  principles  of  hydraulics. 
*Tis  obvious  why  I  prefer  fegments  in  this  inftrument  AB,  CD,  to  an 
entire  fphere,  and  why  I  require  them  fo  near  together  ;  you  are  aware, 
that  by  this  means  heat  and  cold  may  be  the  more  readily  communicated 
through  a  large  furface,  to  a  fmall  quantity  of  air,  and  each  part  of  it. 
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To  reprefent  all  this  more  fenfibly,  I  take  a  chemical  phial,  of  a  large  belly 
and  narrow  neck,  full  of  air,  fuch  as  that  of  the  place  wherein  we  are.  This 
I  invert  in  water,  and  upon  applying  fire  to  it,  the  air-bubbles  fly  out  of 
the  neck  through  the  water ;  by  this  it  is  plain  that  lefs  of  the  air  re¬ 
mains  in  the  veffel,  viz.  in  proportion  to  the  quantity  of  bubbles  difcharg’d ; 
then  removing  the  fire,  the  water  immediately  rifes  into  the  neck ;  and 
bringing  the  fire  to  it  again,  and  again  withdrawing  it  by  turns,  the  water 
rifes  and  falls  in  the  neck  by  turns,  fcarce  reftiog  a  moment  in  the  fame 
place. 

COROLLARY  I. 

56.  This  expanfion  of  the  air,  produced  by  fire,  goes  to  an  immenfe  de-  Fire  expand*, 
gree,  which  is  not  eafy  to  be  determined  by  experiments  :  for  we  find  that  ^ ut  f5  not 
hollow  glafs  fpheres  expofed  in  a  glafs-houfe  furnace,  fo  as  to  be  ready  to  y  ex^e 
melt,  and  then  fealed  hermetically,  and  at  laft  gradually  cool’d  again,  are 

not  even  thus  left  entirely  deftitute  of  air ;  fince  upon  breaking  the  hollow 
end  of  a  fphere  of  this  kind  under  water,  though  the  water  rufh  in  with 
great  force,  there  always  remains  a  fpace  in  the  upper  part  full  of  air,  which 
fuftains  the  whole  weight  of  the  incumbent  atmofphere.  This  abundantly 
proves,  that  the  vehement  heat  of  the  furnace  had  indeed  rarified  the  air 
exceflively,  but  had  by  no  means  expell’d  it  entirely.  5Tis  probable  a  ftill 
ftronger  fire  would  rarify  the  air  yet  further  *,  but  it  is  no  lefs  probable, 
that  this  rarifaCtion  would  never  reach  its  utmoft  bounds  ;  fo  that  there  al¬ 
ways  remains  fome  air,  even  in  the  greateft  fire.  In  the  mean  while,  M, 

Amontons  has  inferred  with  great  fagacity,  that  the  heat  of  boiling  water 
rarifies  air  one  third  part  beyond  its  former  bulk.  It  may  perhaps  be  al~ 
ledged,  that  the  air  collected  in  the  top  of  the  glafs  fphere,  in  the  former 
experiment,  had  been  imbibed  out  of  the  water,  while  prefled  by  the  at- 
mofpherical  weight  on  the  neck  of  the  veflel :  in  effect,  by  means  of  the 
llownefs  wherewith  the  veflel  fills,  a  part  of  the  water  which  firfi:  enter’d, 
is  in  a  vacuum  greater  than  that  of  an  exhaufted  receiver,  while  the  cavity 
of  the  fphere  continues  filling  ;  in  confequence  whereof,  part  of  the  air  in¬ 
termix’d  with  the  water  mull  extricate  itfelf,  rufh  into  the  vacuum,  and 

there  collecting,  hinder  the  entire  repletion  of  the  veflel. - But  on 

the  other  hand,  let  it  be  confidered  that  all  the  air  which  thus  difengages 
itfelf,  and  enters  the  vacuum,  returns  in  a  few  hours,  and  is  again  abforbed 
within  the  water,  upon  which  the  whole  cavity  of  the  fphere  becomes 
full  of  water  alone  j  as  has  been  well  obferved  by  Marriott e ,  and  as  I 
fhall  hereafter  {hew  in  the  hiftory  of  air.  Since,  therefore,  in  the  pre- 
fent  cafe,  the  fphere  does  not  fill,  *tis  evident  that  the  fpace  not  poflefled 
by  water,  contains  a  quantity  of  true  air,  which  the  fire,  however  forcible, 
was  not  able  to  expel,  but  only  to  dilate. 

COROLLARY  II. 

57.  Let  it  now  be  remember’d,  how  very  fmall  the  expanfion  of  iron  The  different 
was  found,  even  in  a  fire  ftrong  enough  to  make  it  red-hot ;  and  on  the 
contrary,  how  great  the  expanfion  of  air  is,  even  by  a  (lender  heat.  There 
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was  a  dilatation  immediately  found  in  iron  by  a  fmall  fire,  but  it  was  tri¬ 
fling,  and  only  difcoverable  by  means  of  an  inftrument :  but  what  a  dif¬ 
ference  arifes  in  the  rarifadion  produced  by  the  fame  fmall  degree  of  fire  ? 
No  body  is  more  eafily  afteded  by  a  flight  fire  than  air,  nor  any  body  more 
difficultly  fufible,  or  expandible  to  its  greateft  bulk  by  fire  than  iron. 

COROLLARY  III. 

58.  Hence  we  have  an  opportunity  of  exhibiting  an  agreeable  and  ufeful 
phaenomenon  *,  viz.  to  make  any  aflignable  increafe  of  heat  in  the  air 
to  -a  given  ftandard  j  in  order  to  which  the  magnitude  of  the  fpherical 
fegments  in  the  above-mention’d  inftrument  muft:  be  increafed,  and  the 
tube  be  longer,  and  its  bore  narrower  ;  by  which  means  the  fmalleft  diffe¬ 
rence  of  heat  will  have  a  great  and  fenfible  effect  in  the  tube. 

COROLLARY  IV. 

59.  But  fince  the  greateft  natural  degree  of  heat  in  the  air  is  found  in  the 
fcorching  dog-days,  and  a  fultry  fky  rarely  reaches  the  ninetieth  degree  in 
Mr.  Fahrenheit' s  thermometer  j  it  appears  that  the  degree  of  fuch  heat  has 
known  limits,  which  it  fcarce  ever  pafles  :  fo  that  all  its  natural  variations 
are  ftill  terminated  within  a  declination  below  that  degree :  whence  Drebhe? s 
thermometers  become  not  only  handy,  but  ufeful.  But  obferve  that  the 
augmentations  of  the  weight  of  the  atmofphere,  muft  be  remarked  at  the 
fame  time  by  the  barometer ;  by  fuch  means,  with  very  fmall  trouble,  we 
may  find  out  the  minuteft  changes  of  a  fmall  heat. 

COROLLARY  V. 

60.  If  then  we  recoiled  how  eafily  air  is  dilatable  and  contradable  by 
the  fmalleft  increafe  or  decreafe  of  fire,  and  at  the  fame  time  confider  the 
perpetual  viciflitude  thereof ;  it  will  feem  to  follow,  that  this  air  can  never 
be  at  reft,  but  muft  always  be  moving  in  all  its  parts  ;  fo  that  even  its  laft 
particles  muft  be  inceflantly  vibrating :  and  this  will  equally  hold  in  that 
called  open  air,  which  is  only  confined  by  the  weight  of  the  incumbent 
atmofphere,  as  in  that  fhut  up  in  dofe  veflels. 

EXPERIMENT  IV. 

61.  The  fmalleft  decreafe  of  heat  contrads  air,  on  all  fides,  in  its  whole 
bulk,  as  well  as  in  its  feveral  parts. 

62.  This  every  where  appears  by  the  inftances  which  were  given  in  the 
third  experiment ;  fince  upon  the  fire’s  receding,  the  contradion  was  al¬ 
ways  proportionably  obferved. 

COROLLARY  I. 

63.  This  contradion  reduces  it  ftill  into  lefs  and  lefs  fpaces,  fa  long  as 
the  fire  decreafes  *  confequently  it  appears  impoflible  to  define  the  ultimate 

pitch. 
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pitch,  or  minimum  of  this  fpace*,  fince,  as  we  have  already  obferved,  there 
is  no  expelling  all  fire  out  of  air.  This  is  very  apparent  in  Brebbe! s 
thermometers,  when  fucceflively  expofed  to  a  gradual  increafing  cold. 


COROLLARY  II. 

64.  The  greateft  contra&ion,  produced  in  any  body  by  the  ftrongeft  Air  Jit  to  dij- 
cold,  is  lefs  than  the  condenfation  obfervable  in  the  air,  upon  the  leaft  de-  corver .  t,je 
creafe  of  heat  any  way  cognizable  by  our  fenfes ;  and  confequently  air  onqJflty°j 
this  account  likewife  is  fit  for  difcovering  the  quantity  of  fire. 

COROLLARY  III. 

65.  Again,  therefore,  any  the  leaft  diminution  of  heat,  or  increafe  of 
cold,  may  be  made  vifible,  even  in  a  given  meafure,  by  converting  the  third 
corollary  of  the  third  experiment. 


COROLLARY  IV. 

66.  The  ufe  therefore  of  the  air-thermometer  becomes  the  more  confpi-  'V 

cuous  and  eafy,  by  how  much  the  greateft  degree  of  cold  has  been  more  guSj  naturai 
certainly  determin’d  by  experiments  of  artificial  freezings,  as  well  as  by  ob-  and  artiji- 
fervations  of  the  ftrongeft  natural  cold  in  winter.  Cial 

67.  In  that  fevere  cold  of  the  year  1709,  the  liquor  of  Fahrenheit's  ther¬ 
mometer  in  Iceland  flood  at  the  firft  number  ;  whereas  in  the  prefent  year, 
in  a  morning,  in  the  garden  of  this  univerfity,  I  have  ufually  found  it  about 
the  fifth  divifion. 

68.  But  all  the  artifices  hitherto  known  and  tried,  have  never  been  able 
to  produce  an  icy  cold  in  fummer-time,  without  the  ufe  of  water  firft  frozen, 
in  form  either  of  fnow,  ice,  hail,  or  hoar-froft,  though  they  have  fome- 
times  approached  near  it.  But  when  the  weather  growing  colder,  begins  to 
tend  towards  the  freezing  point,  the  water  is  fufficiently  cold  for  the  ex¬ 
periment  to  fucceed.  There  have  been  divers  very  operofe  experiments  tried, 
for  producing  the  moft  intenfe  cold  within  the  reach  of  art. 

69.  The  chemifts  have  long  ago  obferv’d,  that  fome  falts,  at  the  very 
moment  of  their  diflolving  in  water,  produced  a  greater  degree  of  cold  than 
was  in  them  before  the  mixing.  The  chief  fait,  ufed  for  this  purpofe,  is 
common  fal-ammoniac  well  purified.  I  put  four  ounces  of  this,  reduced 
to  a  fine  dry  powder,  in  a  clean  dry  glafs-veflel  well  corked  in  the  night¬ 
time,  and  immerging  rhe  veflel  with  its  contained  fait,  thus  fecured  from  any 
wet,  in  clear  water,  expofed  to  the  cold  air,  that  every  thing  might  be  equally 
cold,  viz.  the  fal-ammoniac ,  water,  and  glafs  ;  in  the  morning  I  applied 
Fahrenheit's  thermometer  in  this  water,  till  the  cold  which  it  diffufed  made 
the  liquor  ftand  at  the  53d  degree  above  O  j  then  dropping  in  four  ounces  of 
fal-ammoniac ,  equally  cold  with  the  water,  into  twelve  ounces  of  this  water, 
and  at  the  fame  time  ftirring  and  mixing  it  brifkly  with  a  flick,  in  a  cylindric 
glafs  veflel,  the  liquor  prefently  funk  in  the  thermometer  from  the  53d  to  the 
25th  degree  j  yet  the  air  at  that  time  was  hot  to  the  5 1  ft  degree :  whence  it  ap- 
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p^ars,  that  a  fubtriple  quantity  of  fal-ammoniac ,  diflblv’d  in  water,  increafes- 
cold  by  28  degrees  of  that  thermometer. 

With  regard  7°*  After  this  manner  we  may  always  be  able  to  make  an  artificial  frofl:, 
to  the  produc -  while  the  heat  of  the  weather  does  not  exceed  that  mark’d  the  60th  degree 
tion  of  ice,  and  in  the  thermometer.  For  it  has  been  obferved,  that  at  the  fame  point  of 
farther.  time,  when  the  temperature  of  the  external  air  reduces  the  liquor  of  the 
thermometer  to  the  3 2d  degree,  the  water  being  then  reduced  to  the  fame 
temperature  prefently  freezes.  As  the  cold  therefore  grows  gradually  greater 
from  the  60th  degree  to  the  3 2d,  we  may  by  the  fame  artifice  raife  an  in- 
tenfer  cold  than  is  neceflary  for  the  turning  water  into  ice. 

7 1 .  When  water,  therefore,  is  become  fo  cold  as  to  reach  the  3  2d  de¬ 
gree,  this  mixture  will  produce  cold  to  the  4th  degree  *,  but  if  the  artift, 
having  cool’d  the  water  to  28  degrees  by  the  firfl:  folution  in  a  large  veflel, 
place  another  lefler  veflel  full  of  water  in  the  fame  lixivium,  and  thus  by 
means  hereof,  when  it  has  attain’d  its  greatefl:  coolnefs,  reduces  the  water 
to  the  highefl:  cold  capable  of  being  given  it  by  the  cold  of  the  firft.  lixi¬ 
vium,  which  remains  cold  a  long  time,  and  then  immediately  take  frelh 
fal-ammoniac ,  likewife  cool’d,  in  the  glafs  within  the  fame  lixivium,  and 
mix  it  again  with  the  coolefi:  water,  he  may  in  a  fhort  fpace  of  time,  even 
in  the  hotteft  weather,  produce  a  cold  greater  than  any  that  has  been  known 
in  this  country.  And  after  having  by  fuch  a  procefs  produced  ice,  he  may 
raife  the  cold  ftill  farther,  by  mixing  it  with  frelh  cool’d  fal-ammoniac ,  and 
thus  at  pleafure  produce,  in  the  middle  of  fummer,  an  intenfe  cold,  fur- 
pafling  that  of  the  fevered  winter. 

The  freezing-  7 2.  Thefe  things  it  will  be  neceflary  rightly  to  comprehend,  it  being 

point  difficult  very  difficult  to  exhibit  to  the  eye  the  degree  of  cold  wherein  ice  begins 
to  obferve.  forK1 .  for  heat;  an(p  cold  once  given  to  a  body,  adhere  long  to  it  before 
they  quit  it  s  nay,  and  by  how  much  bodies  are  more  denfe,  by  fo  much  the 
longer  do  they  retain  their  heat,  as  will  be  fhewn  hereafter.  When  the 
air,  therefore,  is  in  fuch  a  date  as  keeps  the  thermometer  at  32  degrees, 
water  will  not  freeze  j  fince  water,  being  upwards  of  800  times  denfer  than 
air,  remains  warm  a  confiderable  time  from  the  heat  which  it  had  before  im¬ 
bibed,  after  it  has  undergone  a  new  impreflion  of  cold.  If  any  perfon, 
therefore,  is  curious  to  know  in  what  degree  of  coldnefs  water  begins  to 
freeze,  let  him  firfl:  fufpend  a  thermometer  in  a  free  open  air  on  all  fides  j 
for  I  have  found  that  if  it  be  hung  againfl:  a  wall,  or  the  like  body,  the 
warmth  of  fuch  bodies  will  have  an  effedl  on  the  thermometer;  After  he 
has  thus  carefully  noted  the  degree  of  warmth  of  the  air  by  the  thermometer, 
let  him  expofe  water  to  the  air,  fo  as  the  fmallefl:  quantity  of  water  may  by 
its  extenfive  furface  come  in  contadt  with  the  air ;  which  may  be  commo- 
dioufly  done  by  wetting  a  thin  linnen  cloth  with  clear  water,  and  thus  hang¬ 
ing  it  for  fome  time  in  the  air :  for  in  this  cafe  the  linnen  w:ll  grow  ftiff 
upon  the  firfl:  accefs  of  the  freezing-cold,  and  thus  Anew,  that  the  water  is 
beginning  to  turn  to  ice.  This  I  have  found  by  experiment  to  obtain  about 
the  33d  degree ;  and  at  fuch  degree  will  water  freeze,  unlefs  hindered, 
either  by  fome  neighbouring  body,  or  by  the  heat  itfelf  had  before 
imbibed. 
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73.  Hence  vve  deduce  the  caufe  why  hoar-frod  is  found  long  before  ice  ;  The  it? flam  of 
being  only  an  icy  moidure,  diffufed  over  the  wide  furfaces  of  thin  bodies,  freezing  in¬ 
tis  grafs,  leaves  of  plants,  and  other  roughneffes  of  the  ground.  It  has  alfo  d*catej  b 
been  long  ago  obferved,  that  the  firft  approach  of  the  winter’s  cold  is  per-  0ar'7r0J  ‘ 
ceiv’d  by  a  hoary  whitenefs  fpread  on  the  arches  of  bridges,  while  the 

ftreets,  and  the  water  itfelf,  fhew  no  figns  of  freezing  ;  it  being  here  ob¬ 
vious,  that  the  arch  of  a  bridge,  fufpended  on  all  fides  in  the  air,  receives 
the  coldnefs  of  the  ambient  air  on  all  quarters.  And  accordingly  the  fame 
is  found  to  thaw  very  early.  But  other  grofs  bodies,  retaining  their  heat 
long,  only  receive  the  cold  of  the  contiguous  air  by  their  extreme  furface, 
the  impreffion  whereof  is  gradually  propagated  through  their  fubftance,  to 
the  centre  of  gravity  •,  fo  that  in  every  different  part  thereof  there  is  a  dif¬ 
ferent  degree  of  cold,  till  the  body  have  remain’d  long  enough,  in  this  cold¬ 
nefs  of  air,  for  its  whole  mafs  to  have  acquired  the  fame  uniform  de¬ 
gree  ;  though  the  exadt  time  when  this  happens  may  not  be  eafy  to 
affign. 

74.  From  all  this  we  infer,  that  the  utmod  pitch  to  which  cold  is 
brought  by  natural  means,  is  at  O  in  the  thermometer ;  and  that  the  ut- 
moft  to  which  art  may  bring  it  by  diffolving  falts  in  cold  water,  is  three  or 
four  degrees. 

75.  But  the  unwearied  diligence  of  M.  Fahrenheit  has  difcovered  fome* 
thing  ftill  further,  which  would  hardly  have  been  credited  heretofore  ;  an 
account  whereof,  as  I  received  it  from  the  author,  I  will  here  gratify  the 
reader  with  j  not  doubting  but  that  all  who  love  phyfical  inquiries  will  give 
him  thanks  for  it. 

76.  The  hard  winter  of  the  year  1729  afforded  an  opportunity  of  mak-  A  furprizwg 
ing  experiments  for  producing  degrees  of  cold  ;  among  which  it  fortunately 

came  in  his  mind  to  try  what  the  event  would  be,  if  fpirit  of  nitre,  made  iy  Fahren- 
very  drong,  fo  as  its  weight  to  that  of  pure  water  might  be  as  1409  to  1000,  heic. 
and  the  heat  of  each  48  degrees,  were  poured  upon  ice.  He  therefore  poured 
two  ounces  of  fuch  fpirit  of  nitre  upon  a  quantity  of  ice  ground  very  finall ; 
the  effecd  was,  that  in  a  moment’s  time  a  degree  of  cold  was  produced, 
which  upon  immerging  the  thermometer  in  the  mixture,  funk  above  four 
degrees  below  O.  His  expectation  being  raifed  by  fo  extraordinary  an  event, 
he  proceeded  to  make  a  quickfilver  thermometer,  eafily  fenfible  of  the  lead 
diversity  of  heat,  and  carefully  divided  into  parts  vifible  enough,  but  fo 
contrived  as  to  have  in  the  cylinder  over  the  ball  76  degrees  mark’d  below 
O.  Then  7  ounces  of  the  fpirit  of  nitre  above-mentioned,  reduced  to  the 
degree  of  coldnefs  of  the  atmofphere,  which  was  then  16  degrees,  being 
poured  on  fome  ice  finely  ground,  the  thermometer  immediately  funk  30 
degrees,  viz.  from  16  degrees  above  O,  to  14  degrees  below  it :  the  ther¬ 
mometer  being  then  left  at  red,  the  liquor  fwimming  a-top  of  the  melted  ice 
was  poured  off,  and  new  fpirit  of  nitre  poured  on  the  ice  remaining  undif- 
folved  •,  upon  which  the  thermometer  immediately  funk  to  29  degrees  below 
O  *,  which  done,  for  want  of  fpirit  of  nitre,  the  experiment  could  be  pro- 
fecuted  no  further  at  that  time, 
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77.  Spirit  of  fea- fait  therefore,  cold  in  17  degrees,  being  poured  on  ice 
'ground  fmall,  the  thermometer  prefently  funk  to  8  degrees  below  O  *,  then 
the  melted  liquor  being  poured  off,  and  new  fpirit  of  fait  poured  on,  the 
'  remaining  ice  thus  cooled,  the  thermometer  funk  14  degrees  \  beneath  (X 
Having  feen  thus  much,  the  ingenious  author  concluded,  that  fo  extraordi¬ 
nary  an  experiment  fhould  by  all  means  be  profecuted  ;  and  therefore  went 
to  work  again  with  the  fame  fpirit  of  nitre  ;  but  the  atmofphere  was  now 
come  to  the  point  of  thawing,  which  put  him  upon  thinking  on  a  way  of 
preferving  the  cold  already  produced.  To  this  end  he  procured  three  veffels 
made  of  thin  plates  of  iron  of  a  cylindrical  figure,  about  6  f  inches  wide  \ 
and  in  thefe  he  put  three  cylindrical  glafs  veffels  3  f  inches  wide,  fo  as  to 
leave  a  fpace  of  about  1  \  inch  vacant  between  the  glafs  and  the  Iron  plate  \ 
the  bottom  of  the  glafs  veffel  was  at  a  like  diftance  from  the  bottom  of  the  iron- 
plate  veffel.  This  fpace,  left  between  the  two  veffels  was  carefully  filled 
with  cotton  •,  in  order  that  the  cold  might  be  retain’d  the  longer,  and  the 
warmth  of  the  air  prevented  from  too  foon  interrupting  the  generated  cold. 
Thefe  three  veffels  being  ready,  and  thofe  of  glafs  filled  with  powder’d 
ice,  he  placed  glafs  tubes  in  them  I  of  an  inch  wide,  and  full  of  fpirit  of 
nitre,  warm  in  a  degree  of  32  •,  pouring  off  the  water  which  fprung  from 
the  ice  very  carefully.  This  done,  fpirit  was  poured  on  the  ice,  when  the 
thermometer  funk  no  further,  and  what  was  liquified  thereby  inftantly  pour’d 
off  from  the  refrigerated  ice,  and  immediately  afterwards  the  fpirit  of  nitre, 
which  in  the  mean  while  was  equally  cool’d  in  the  other  veffels,  as  in  this  by 
the  affufion  of  fpirit  of  nitre  upon  ice  ;  by  which  means  the  fpirit  was  always 
kept  extremely  cold.  Thus  pouring  the  fpirit  on  the  refrigerated  ice  four 
times,  and  as  often  carefully  clearing  it  from  the  floating  fluid,  the  ther¬ 
mometer  was  at  laft  found  to  fink  40  degrees  below  O  j  and  by  this  time  the 
fpirit  of  nitre  had  been  fo  a<5ted  on  by  the  cold,  that  it  form’d  itfelf  into  a 
kind  of  fharp  {lender  cryflials  \  an  inch  long,  appearing  as  if  frozen,  and  no 
longer  fluid,  fo  that  it  could  only  be  got  out  of  the  tube  by  force  and  {bak¬ 
ing  it  *,  yet  no  fooner  did  the  fpirit  thus  thicken’d  touch  the  ice,  than  it  im¬ 
mediately  melted,  and  the  ice  with  it ;  the  mercury  at  the  fame  time  fink¬ 
ing  from  37  degrees  below  40. 

78.  If  pot-alhes  be  mixed  with  powdered  ice,  a  cold  may  be  produced  8 
degrees  below  O. 

79.  No-body  could  have  imagined  any  thing  like  this.  Nature  never  pro¬ 
duced  a  degree  of  cold  beyond  O  j  which  in  effedt  is  fevere  enough  to  kill  both 
animals  and  vegetables  inftantly  *,  yet  art  has  brought  it  40  degrees  further. 
Now  when  to  32  degrees,  which  is  the  freezing  point,  we  add  40  degrees, 
the  heat  produced  in  the  air  is  too  vehement  to  be  bore  for  any  time,  with¬ 
out  frequently  refrefhing  and  cooling  one’s  felf  by  turns.  Hence  we  learn, 
that  cold,  capable  of  freezing  water,  may  be  increafed  72  degrees  further. 
What  muft  become  of  things  if  the  like  temperature  were  found  in  any  part 
of  the  globe  ?  We  find  then,  that  ftrong  fpirit  of  nitre  may  be  frozen.  We 
alfo  fee  mercury  fo  condenfed,  as  to  take  up  lefs  fpace  by  almoft  ~  part 
of  its  bulk  ;  and  we  further  know,  that  this  wonderful  body,  though  in  fo 
vehement  a  degree  of  cold,  and  fo  much  condenfed,  continues  equally  fluid, 

movable. 
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movable,  and  dilatable  as  before  ;  and  we  know  that  the  fame  body,  from  dn  incredible 
thefe  40  degrees  below  O,  to  600  degrees  above  it,  at  which  it  begins  to  boil,  ckange  °f 
has  (hrunk  640  parts  of  its  whole  bulk  10782  ;  confequently,  that  its 
proper  weight  may  be  render’d  about  fpecifically  heavier  or  lighter,  merely  flref^'  :> 
by  the  degrees  of  heat  and  cold  already  known.  All  this  we  learn  by  expe¬ 
riments  ;  and  thus  find  mercury  fenfibly  brought  nearer,  by  means  of  cold,  to 
the  fpecific  gravity  of  gold.  And  who  (hall  determine  what  further  degree 
of  cold  may  be  excited  by  other  latent  powers,  either  of  nature  or  art  ? 

Who  can  fay  what  changes  would  befall  folid  and  fluid  bodies,  if  detain’d 
in  fuch  degree  of  cold  ?  ’Twill  doubtlefs  be  worth  while,  having  difcovered 
fuch  a  cold,  to  examine  all  kinds  of  bodies  in  it,  for  the  promoting  of  na¬ 
tural  knowledge.  Infinite  things  might  doubtlefs  be  difcover’d  by  means  of 
fuch  an  invention.  In  the  mean  while,  let  the  excellent  author  have  his  due 
praife,  who  firft  broke  the  ice,  fhew’d  the  way,  and  afforded  us  helps 
for  going  further. 


COROLLARY  Y. 

80.  Hence  alfo  appears  the  converfe  of  the  fifth  corollary  from  the  third 
experiment  •,  viz.  that  air  fcarce  refts  a  Angle  moment,  neither  when  open, 
nor  even  inclofed  in  any  veffel. 

EXPERIMENT  V. 

81.  Pure  fpirit  of  wine  expands  everyway,  in  its  whole  bulk,  by  a  fmall 
degree  of  fire. 

82.  Of  this  we  may  have  a  vifible  proof,  by  taking  a  glafs-veflel,  capable  of 
holding  1933  parts  of  this  fpirit ;  and  terminating  in  a  narrow  cylinder  care¬ 
fully  made,  which  contains  96  of  the  fame  parts,  whereof  the  lower  contains 
1933  .  the  cylinder  being  withal  divided  into  numbers  correfponding  to  thofe 
parts.  In  fuch  an  one  the  fpirit  was  contracted  to  the  firft  number  by  a  fharp 
froft,  in  a  very  cold  place,  in  the  year  1709  ;  but  upon  applying  the  warmth 
of  a  healthy  man  to  the  veflel,  it  expands  to  the  96th  number  in  the  cylinder, 
and  fills  it  fo  far  with  liquor. 

COROLLARY  I. 

83.  In  this  inftrument,  therefore,  fpirit  of  wine,  under  the  greateft  natural  The  expcufon 

cold  hitherto  known,  expands  itfelf  by  the  vital  warmth  of  a  human  body  to  '■  °f  r 

the  20  th  part  of  its  bulk.  In  the  mean  while  it  muft  be  obferved,  that  in  this  * 

experiment,  the  inner  cavity  of  the  thermometer  is  fuppofed  to  have  conti-  body . 
nued  the  fame  *,  whereas,  in  reality,  this  alfo  muft  have  been  dilated,  confor¬ 
mably  to  the  fecond  corollary  of  the  fecond  experiment. 

COROLLARY  II. 

84.  Hence,  if  the  proportion  of  the  capacity  of  the  inftrument  in  the  feve- 

reft  cold,  to  the  capacity  of  the  fame  under  a  degree  of  vital  warmth,  could  the  rarfac - 

be  tion  of  fluids. 
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be  accurately  known,  vve  might  thence  learn  the  true  ratio  of  theincreafe  of 
the  bulk  of  liquor,  anfwering  to  the  increafe  of  fire  betv/een  thofe  two  inter¬ 
vals  •,  fince  the  difference  of  the  two  capacities  would  give  the  degree  of 
■the  dilatation. 


COROLLARY  III. 


Fim/ls  bea- 
•isier  at  the 
Psles  than 
Equator : 
nuhence  the 


85.  If  therefore  the  pureft  fpirit  of  wine,  about  the  poles  of  the  earth, 
could  be  hydroflatically  compared  with  the  fame  between  the  tropicks,  ’tis 
evident  there  would  be  a  confiderable  difference  between  the  fpecific  gravities 
in  thofe  two  places.  ’Tis  certain,  that  all  fluids  are  heavieft  about  the  poles, 
oblate  fpheroi-  and  lighted  near  the  equator  ;  which  perhaps  may  be  one  caufe  of  the  flat 
fpheroidical  figure  of  the  earth  ;  fince  the  fame  bulk  near  the  poles,  is  equi¬ 
valent  in  weight  to  a  larger  bulk  at  another  place,  each  tending  with  an 
equal  force  to  the  common  centre. 


And  the  fai¬ 
lure  of  baro¬ 
meters . 


The  great  ra - 
rifaSiion  of 
alcohol . 


COROLLARY  IV. 

85.  From  thefe  obfervations  we  alfo  learn,  that  fuch  veffels,  fill’d  with 
liquids  of  this  kind,  are  always  lefs  full  in  winter  than  in  fummer  ;  fince  the 
folid  parts  of  the  veffels  do  not  dilate  fo  much  by  the  fame  degree  of  fire, 
as  the  liquids  themfelves.  This  the  chemifis  have  often  found  to  their 
cod  ;  by  filling  veffels  in  winter-time,  and  frody  weather,  up  to  the  top  with 
liquors,  often  of  the  mod  precious  kinds  ;  the  force  of  the  fummer’s  heat 
having  either  penetrated  through  the  cork,  or  driven  it  out,  or  even  burd 
the  veffels.  This  may  teach  them  never  to  fill  veffels  in  the  feverity  of 
the  winter  fo  high,  but  to  leave  the  eighteenth  part  empty  ;  or  otherwife  to 
warm  the  liquors  and  the  veflel  itfelf,  to  a  degree  equal  to  what  may  be  ex¬ 
pected  in  the  middle  of  fummer. 

COROLLARY  V. 

87.  If  the  fpirit  of  wine  be  further  heated,  fo  as  to  be  ready  to  boil,  it 
will  rife  to  174  parts  in  the  cylinder  ;  in  which  cafe  it  mud  be  expanded  about 
the  eleventh  part  of  the  whole  ;  and  from  what  has  been  obferved  in  the 
fird  corollary  of  this  experiment,  it  mud  even  be  expanded  more.  By  the 
way,  it  may  be  noted,  what  a  difference  it  would  make  between  a  perfon’s 
buying  fpirit  of  wine  by  meafure  in  the  colded  time  of  winter,  and  the  hot¬ 
ted  of  fummer.  If  we  fuppofe  the  fpirit  at  40  degrees  below  O  in  the 
greated  cold,  and  at  174  above  O  when  it  begins  to  boil ;  ’tis  evident  there 
may  be  a  difference  of  214  degrees  in  1933  parts  ;  and  confequently  the  li¬ 
quor  be  contracted  and  expanded  to  I  part  of  the  whole  bulk. 


COROLLARY  VI. 

Ebullition  the  88.  When  the  fpirit  of  wine  is  brought  to  boil,  the  extreme  part  of  Its 
lad  mark  of  furface  flies  off;  and  while  this  is  continually  doing,  the  vapour  fpreads  it- 
rarijcution.  fe]f  jn  vacuum  above,  which  by  this  means  grows  dill  denier  and  denfer ; 

fo  that  .the  further  progrefs  of  the  expanfion  cannot  be  eafily  obferved:  and 

when 
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when  the  veflel  of  the  thermometer  is  open’d  above,  the  rarified  vapour 
immediately  exhales ;  which  hinders  our  learning  how  far  it  may  then  be 
dilated. 

COROLLARY  VH. 

85.  Spirit  of  wine  therefore  can  fcarce  ever  be  abfolutely  at  reft  :  for  Alcohol  in  per- 
whether  it  have  air,  or  til  ^Torricellian  vacuum  over  the  containing  veflel,  it  Pelua  l  motion-, 
will  always  either  be  dilating  and  refolving  into  vapours,  or  contracting,  and  Teqtrvces 
thus  reducing  the  vapours  into  fpirit  again  ;  unlefs  we  can  fuppofe  the  fam tphyfic. 
degree  of  heat  and  cold  to  remain  unchang’d :  or  if  it  be  contain’d  in  a  veflel 
open  to  the  air,  it  cannot  even  then  be  at  reft,  but,  as  we  have  already  ob- 
ferved  of  air,  muft  be  fubjeCt  to  continual  fy  Holes  and  diaftoles,  as  the  heat 
of  the  atmofphere  is  alternately  increafed  and  diminiftied  ;  efpecially  while  ei¬ 
ther  of  thofe  prevails  in  its  higheft  degree,  which  is  rarely  of  long  duration. 

Hence  alfo  phyficians  may  learn,  what  frequent,  evident,  reciprocal  ofcilla- 
tions  may  be  produced  in  the  human  body,  from  the  parts  of  fpirit  of  wi  e 
mixed  with  its  juices,  and  fometimes  driven  through  the  arteries,  and  he«ted 
by  their  attrition,  then  again  freed  from  preflure  in  the  veins,  and  by  .this 
means  cool’d :  All  which  it  will  be  eafy  to  deduce. 


EXPERIMENT  VI. 

86.  The  lighted  and  pureft  aetherial  oil  of  turpentine  expands  every  way  Oilofturpen- 

in  its  bulk  upon  the  fmalleft  increafe  of  heat.  dilatable 

87.  This  may  be  fhewn  by  a  fpherical  phial,  terminating  in  a  long  narrow  h ,:eat' 
cylinder,  the  body  whereof  is  filled  to  the  beginning  of  the  neck  with  the 

oil  above-mention’d  ^  for  immerging  this  body  in  a  veflel  full  of  water  of 
equal  coldnefs  with  the  oil  itfelf,  the  oil  remains  at  the  fame  height  but 
placing  the  veflel  with  the  water  and  the  glafs-body  over  a  fire,  made  in  an 
iron  furnace,  in  proportion  as  the  water,  and  confequently  the  oil  in  the  body, 
grows  gradually  hotter  and  hotter,  the  oil  itfelf  rifes  in  the  neck  of  the  gl  fs, 
fo  as  fcarce  to  remain  two  moments  at  the  fame  height.  That  it  may  be 
obferved  to  better  advantage,  the  phial  may  be  kept  thus  till  the  water  boils 
in  the  veflel,  when  the  oil  will  remain  at  a  ftand,  and  rife  no  higher,  nor 
even  fall,  though  kept  a  conftderable  while  in  the  boiling  water.  And  though 
the  fire  about  the  veflel  be  increafed,  fo  as  to  make  the  water  boil  more 
ftrongly,  the  oil  will  ftill  remain  unmov’d  in  the  glafs.  Nay,  even  the  mer-  A  boiling  heat 
curial  thermometer  does  not  here  rife  in  the  leaft  ;  which  abundantly  confirms  fje 
the  fine  difcovery  of  M.  Amontons ,  which  indeed  meets  with  daily  confir-  c“n  ru°iv&, 
mations  in  all  kinds  of  obfervations,  and  all  forts  of  hot  liquors.  And  without  com- 
here  the  candour,  which  I  truft  will  ever  accompany  me,  obliges  me  to  own,  preffon. 
that  nothing  I  have  met  with  has  given  me  a  greater  infight  into  the  nature 
and  properties  of  fire,  and  its  ufe  in  chemiftry,  than  this  extraordinary  ex¬ 
periment  of  that  illuftrious  author  ;  which  you  may  confult  in  the  original, 
in  the  Memoirs  of  the  Academy  of  Sciences.  There  he  fhews,  that  water 
heated  to  a  degree  of  boiling,  will  not  conceive  any  further  heat,  how  much 

H  h  foever 
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foever  the  fire  be  increafed.  Yet  this  excellent  difcovery  may  receive  a  con- 
fiderable  improvement,  from  what  M.  Fahrenheit  has  obferved,  viz.  that 
the  heat  of  the  fame  boiling  water  is  always  regularly  greater,  by  how  much 
the  weight  of  the  atmofphere  is  greater  which  prefies  on  its  furface  ;  and  again, 
that  the  fame  heat  of  the  boiling  water  diminiffies,  as  the  weight  of  the  in¬ 
cumbent  atmofphere  grows  lefs.  Hence,  in  marking  the  degree  of  heat  of 
boiling  water,  it  will  be  neceflary  to  note  the  weight  of  the  atmofphere  at  the 
fame  time,  by  the  barometer  ;  otherwife  no  certain  meafure  will  be  exprefs’d. 
In  the  mean  while  it  muft  be  allow’d  true,  that  boiling  water,  while  the 
weight  of  the  atmofphere  remains  the  fame,  becomes  no  hotter  ;  whatever 
increafe  be  made  of  the  fire  :  with  which  emendation  M.  Amonton's  rule  will 
for  ever  hold  true.  If  the  greateft  difference  of  the  weight  of  the  atmofphere 
be  three  ounces,  the  greateft  degree  of  heat  in  boiling  water  under  thofe  diffe¬ 
rent  weights  will  be  eight  or  nine  degrees  ;  from  whence  the  author  evidently 
deduces,  that  by  how  much  the  particles  of  water  are  more  comprefs’d  to  each 
other  upon  increafing  the  incumbent  weights,  by  fo  much  the  more  fire  is  re¬ 
quired  to  make  them  recede  from  each  other;  wherein  ebullition  confifts. 
Hence  alfo  he  finely  concluded,  that  a  thermometer  applied  in  boiling  water, 
would  mark,  by  the  degree  of  heat  produced  therein,  the  gravity  of  the  atmo¬ 
fphere  at  that  time  ;  and  confequently,  that  this  might  be  accurately  enough 
found  at  fea,  where  the  common  barometers  are  too  much  fhaken  to  be 
of  ufe,  by  marking  the  feveral  degrees  of  increafe  of  heat  on  a  thermometer  ; 
which  would  not  be  difficult  to  effedt.  Hence  alfo,  it  may  be  inferred,  that 
our  atmofphere  itftlf  is  the  more  heated  by  the  fun’s  rays,  by  how  much  it 
is  the  more  preffed,  that  is,  the  nearer  it  is  to  the  furface  of  the  earth  ;  and 
the  lefs,  by  how  much  the  preffure  of  the  atmofphere  is  lefs,  that  is,  the 
higher  we  go  from  the  furface  of  the  earth.  This  is  alfo  confirm’d  by  expe¬ 
riments  ;  which  ffiew  that  on  the  tops  of  the  higheft  mountains  moft  ex- 
pofed  to  the  fun;  and  never  cover’d  with  clouds,  an  intenfe  cold  ftill  prevails, 
fo  that  the  fnow  remains  folid,  and  unmelted  by  the  action  of  the  fun-beams. 
The  like  may-  he  further  evinced  from  an  eafy  experiment:  under  a  glafs  re¬ 
ceiver  of  an  air-pump  place  a  phial  full  of  water,  warm  in  96  degrees,  ex¬ 
tract  the  air  gradually,  and  as  the  atmofphere  diminiffies,  you  .  will  find  a 
fenfible  ebullition  raifed  in  the  water  ;  which  will  be  fupprefs’d  again,  as  foon 
as  the  air  is  re -admitted  into  the  vefifel.  Hence  again  we  may  note  at  what 
degree  warm  water  begins  to  boil,  according  to  the  feveral  degrees  of  the 
weight  of  the  atmofphere,  mark’d  on  the  gauge  of  the  air-pump.'  Many 
extraordinary  difeoveries  might  undoubtedly  be  made  on  this  principle.  One 
confiderable  thing  I  cannot  forbear  mentioning  :  If  water  and  air  be  inclos’d 
in  Papin's  digefter,  out  of  which  nothing  can  efcape,  and  thus  made  to  boil, 
the  water  will  be  expanded  st,,  and  the  air  y :  confequently  the  water  will 
be  prYs’d,  as  if  it  had  ten  inches  more  than  the  common  atmofphere  upon 
it ;  fo  that  boiling  water  in  this  engine,  will  be  thirty  degrees  hotter  than 
ordinary,  on  this  fingle  account ;  to  fay  nothing  of  any  further  incalefcence 
caufed  by  the  motion  and  attrition  of  the  particles  of  water  and  air  within 
one  anoiher  in  the  veffel  ;  fo  that  Stis  no  wonder  fuch  furprizing  effects 
Ihou.d  be  produced.  If  now  we  would  examine  by  the  balance,  what  the  pro¬ 
portion 
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portion  of  the  oil  expanded  by  boiling  water,  is  to  the  fame  oil  as  it  was 
before,  we  may  proceed  thus  :  the  oil  filled  the  glafs  body  up  to  the  top  of 
the  neck,  when  the  water,  glafs,  oil,  and  air,  were  at  52  degrees  of  heat  by 
Fahrenheit' s  thermometer  ;  and  when  the  water  boil’d,  and  the  oil  ceafed 
rifing,  the  degree  on  the  thermometer  was  212  ;  at  which  time  the  oil  had 
rifen  in  the  neck  to  that  mark.  If,  now,  I  weigh  the  veflel  thus  far  fill’d 
with  oil,  again  reduced  to  52  degrees  of  cold,  and  then  emptied  to  the  body, 
and  again  weigh  the  oil  in  the  body,  I  (hall  find  the  oil  expanded  to  a  large 
part  of  its  bulk.  Yet  it  may  be  proper  to  note,  that  no  regard  is  here  had  to 
the  fpace  by  which  the  compafs  of  the  glafs  is  dilated  ;  which  having  been  inti¬ 
mated  above,  Coroll.  II.  Exper.V.  I  (hall  for  the  future  take  no  notice  of. 

88.  If  it  be  a(ked,  why  I  here  undertake  precife'y  to  define  the  limits 
of  the  heat  of  boiling  water  in  oil  of  turpentine,  which  I  did  not  in  the 
former  experiment  ;  my  anfwer  is,  thatfpiritof  wine  boils  with  a  much  lefs 
fire  than  water  ;  but  as  foon  as  the  boiling  begins,  its  expanfion  can  no  longer 
be  meafur’d.  See  Coroll.  V.  Exper.Y.  But  oil  of  turpentine,  though  much 
lighter  than  water,  cannot  be  brought  to  boil  by  the  greateft  heat  of  boiling 
water,  but  remains  perfe&ly  at  reft  in  this  degree  of  heat ;  fo  that  the  dilata¬ 
tion  may  conveniently  be  mark’d  in  it. 

89.  In  the  mean  while  we  may  obferve  fomething  very  extraordinary  in 
the  phenomena  of  boiling  liquors.  Spirit  of  wine  boils  fooner  than  water  in 
a  ratio  hereafter  to  be  affign’d  ;  yet  water  boils  much  fooner  than  oil  of  tur¬ 
pentine.  May  this  be  afcribed  to  an  affinity  between  fire  and  inflammable 
oils  ;  or  is  it  rather  owing  to  the  greater  or  lefs  weight  of  the  boiling  fluid ; 
or  laftly  to  the  greater  or  lefs  tenacity  of  the  parts,  and  their  cohefion  with 
one  another  ?  You  will  find  hereafter  a  multitude  of  things  alledg’d,  in 
order  to  folve  thefe  queries  ;  by  which  I  believe  it  will  appear,  that  all 
the  above  matters  are  to  be  taken  into  the  confideration  *,  and  further  that 
the  variation  of  the  weight  of  the  atmofphere  is  here  of  fome  confequence  (/). 

EXPERIMENT  VII. 

90.  Pure  rain-water  being  gradually  heated,  dilates  ftill  further  at  every  Tberarlfac- 
increafe  of  fire  ;  and  this  every  way,  and  in  its  whole  bulk.  This  may  tlon  °fboiling 
alfo  be  (hewn  in  a  glafs-body,  where  the  dilatation  is  fufficiently  con-  'water‘ 
fpicuous,  as  extending  to  Is  of  its  whole  bulk :  for  from  the  56th  degree 

of  heat  to  the  2 12th,  it  keeps  continually  afcending ;  but  arriving  at  that  de¬ 
gree,  boils,  and  confequently  ftops  j  having  now  acquired  the  expanfion  above- 
mention’d. 

EXPERIMENT  VIII. 

91.  Quick fi lver  eafily  dilates  by  the  application  of  heat.  This  appears  The  rarifae- 
by  an  elegant  thermometer  made  at  my  requeft,  by  that  excellent  mechanic  tlon  °f  qU1^- 
Dan.  Gab.  Fahrenheit.  The  lower  cylinder  of  this  thermometer  contains  iZ^rater^ 
t  1 124  parts  of  mercury,  which  in  the  utmoft  cold  obferved  in  Iceland , 

reach’d  to  the  mark  O  *,  from  whence  the  further  degrees  of  heat  are  com- 

H  h  2  puted, 

(f)  See  Newton's  Optics ,  Exper.  7. 
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puted  upwards.  Now  if  this  be  immerged  in  a  veflel  of  water  gradually- 
heated,  the  mercury  will  be  found  continually  to  afcend  till  the  water  come 
to  boil  *,  upon  which  the  mercury  remains  immoveable,  having  reach’d 
the  number  212,  and  fomewhat  more-,  fo  that  fetting  afide  the  dilatation 
of  the  glafs,  it  now  poflefles  11336  fpaces,  of  which  in  the  greateft  cold  it 
only  pofiefs’d  11124*  fo  that  by  this  difference  of  heat  the  bulk  is  dilated  to 
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92.  After  the  fame  manner  a  ftrong  lixivium  of  fea-falt,  nitre,  and  of  fix’d 
alcaline  fait,  is  expanded  by  heat *  and  even  all  liquors  that  have  hitherto 
been  try’d  *  fo  that  air,  fpirit  of  wine,  oils,  water,  faline  fpirits,  lixiviums 
of  falts,  oil  of  vitriol,  and  mercury  are  fubjed  to  this  law. 


COROLLARY  II. 

93.  The  caufe  which  dilates  thefe  bodies  penetrates  glafs,  and  all  other 
veflels,  and  thus  enters  the  liquors. 

COROLLARY  III. 

94.  The  fame  caufe  alfo  arifes  from  that  univerfally  called  heat,  or-fire. 

SCHOLIUM. 

95.  Henceforward,  therefore,  I  fhall  call  that  unknown  thing  which 
has  this  property  of  penetrating  all  folid  and  fluid  bodies, ,  and  dilating  them 
fo  as  to  take  up  more  fpace,  by  the  name  of  fire.  In  effed,  I  do  not  re¬ 
member  any  body  hitherto  known,  which  has  all  thefe  conditions  except 
fire  alone.  On  the  contrary,  fire  is  never  known  to  be  prefent  in  any  body,, 
but  it  immediately  produces  thefe  two  effeds.  Add,  that  in  proportion  as 
it  is  increafed,  the  expanflon  of  bodies  is  alfo  increas’d.  Now  fuch  a  cri¬ 
terion  fuffices,  in  phyfical  matters,  to  denote  and  dfftinguifh  particular  bo¬ 
dies  by  :  nor  are  there  any  other  marks  but  of  this  kind  for  that  purpofe  j 
whatever  fome  fanciful  philofophers  may  imagine.  It  therefore  imports 
us  carefully  to  denote  thofe  properties,  which  we  are  able  to  difcover  in 
fire  *  the  firft  of  which  feems  to  be,,  that  it  exifts  always,  and  every  where, 
as  will  be  clearly  fhewn  by  the  following  experiment. 


EXPERIMENT  IX. 

96.  In  the  coldeft  feafon  and  place,  lay  one  denfe  iron-plate  upon  an¬ 
other,  both  of  them  being  cold,  and  prefs  the  upper  on  the  lower,  by  laying 
a  weight  thereon-,  then  rubbing  the  one  brifldy  over  the  other  by  reciprocal 
motions,  they  will  firft  grow  warm,  and  at  length  hot *  fo  as  in  a  Ihort 
time  to  emit  fparks,  and  at  Eft  grow  red-hot,  as  if  taken  out  of  a  vehe¬ 
ment  fire. 


C  O  R  O  L- 
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COROLLARY  I. 

97.  This  production  of  fire  will  hold  in  every  feafon  ;  nor  does  it  matter, 
whether  the  weather  be  hot  or  cold,  excepting  that  by  how  much  the  bo¬ 
dies  are  contracted  by  cold,  the  greater  heat  they  v/ill  conceive  j  fuppofing 
other  circumftances  the  fame. 

COROLLARY  II. 

98.  Nor  is  there  any  place  wherein  the  fame  effeCt  will  not  obtain,  ei¬ 
ther  on  the  tops  of  the  higheft  mountains,  or  in  the  deepelt  caves ;  in  the 
warmed  or  the  coldefl:  place  ;  though  the  heat  arifes  quicker  and  ftronger  in 
dry,  and  flower  and  in  a  lefs  degree  in  moift  places :  and  the  like  may  alfo 
be  done  in  any  kind  of  folid  bodies.- 

COROLLARY  III. 

99.  Accordingly,  bodies  may  be  heated  by  mutual  friction  in  a  vacuum  Ttfelf ; 
as  fully  appears  by  accurate  experiments  of  the  ingenious  Nir.Haukjbee  ;  which 
have  alfo  been  happily  improv’d  by  my  worthy  collegue,  J.  G.  s'Gravefande , 
who  feems  to  have  been  form’d  for  inch  inquiries,  and  by  whom  phyfical 
knowledge  is  every  day  enlarg’d. 

COROLLARY  IV. 

100.  But  there  is  nothing  more  worthy  of  notice,  than  that  fire  generated 
after  the  manner  above-mention’d,  fhould  penetrate  all  kinds  of  bodies, 
even  the  denfeft  ;  warm,  expand,  burn,  melt,  make  them  fhine,  glitter, 
and,  in  fine,  perform  all  the  effects  known  to  be  produced  by  true  fire. 

Yet  it  is  here  generated  without  any  pabulum,  or  without  any  pre-exifting 
fire,  whence  it  might  be  raifed  ;  as  in  the  ufual  manner,  where  fire  is  kin¬ 
dled  from  fire,  and  flame  from  flame.  We  may  therefore  fafely  conclude, 
that  this  matter  is  real  fire. 

COROLLARY  V. 

10 1.  It  appears  alfo,  by  conftant  obfervation,  that  by  how  much  the  bo-  Its  JirJl  caufe, 
dies  rubb’d  on  each  other  are  harder  and  more  rigid,  the  flronger  fire  they 
produce  by  their  mutual  attrition  *,  fo  that  the  fame  body,  as  it  is  fofter  or 

harder,  generates  a  very  different  degree  of  heat.  Iron  heated  red-hot,  fo 
as  to  be  ready  to  melt,  being  left  to  cool  flowly  in  the  air,  in  the  middle  of 
fummer,  becomes  very  foft  and  flexible  *,  but  if  inftantly  immerged  in  cold 
water,  its  parts,  which  had  been  moved  and  made  flexible  by  the  fire,  be¬ 
come  comprefs’d  by  the  ludden  contraction,  and  are  made  to  cohere  much 
clofer  together  •,  by  which  means  the  metal  becomes  extremely  hard,  rigid, 
and  elaftic.  It  is  known  alfo,  that  iron  thus  harden’d  by  cold,  becomes 
fitter  for  ftriking  fire,  than  if  it  had  been  foften’d.  If  the  hard  maflive 
axle-tree  of  a  wind-mill  be  driven  too  vehemently  round  by  a  tempefluous 
wind,  in  its  rigid  focket,  it  will  emit  fire  and  flame  >  but  by  the  interpofi- 

tion 
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tion  of  lead  there  is  lefs  danger  of  burning.  By  nimbly  ftriking  a  hard 
piece  of  fteel  againft  a  flint,  fparks  are  conftantly  produced  *,  which  would 
not  be  the  cafe  if  the  -colli (ion  were  made  with  loft  iron  (g).  Hence,  a!fo, 

we 


{g)  Sir  Ifaac  Newton,  and  the  Englijh  phi- 
lofophers,  account  for  the  fire  arifing  upon 
fuch  collifion,  on  a  different  principle.  They 
fuppofe  it  produced  by  putting  the  fulphurous 
particles  of  thofe  two  bodies  in  a  vehement 
vibratory  motion  ;  by  virtue  of  which  motion 
they  become  hot  and  lucid,  i.  e.  aftedt  us  with 
the  ideas  of  heat  and  light. 

Bodies  of  any  kind  being  violently  moved 
againft  one  another,  will  grow  hot  by  fridtion, 
and  this  to  a  confiderable  degree ;  which 
fhews,  that  all  bodies  have  fire  in  them.  For 
fire  may  be  put  in  motion,  and  feparated  from 
a  body,  by  fuch  rubbing ;  but  can  never  be 
generated  that  way  * . 

Quickfilver  is  allow’d  the  coldeft  of  all 
fluids  ;  infomuch  that  “  many,  fays  Mr.  Boyle, 

“  deny  that  it  will  produce  any  heat  by  its 
“  immediate  adtion  on  any  other  body,  and 
“  particularly  on  gold  :  but  feveral  trials  have 
“  allured  me,  that  a  particular  mercury  may, 

“  by  preparation,  be  enabled  fuddenly  to  in- 
“  finuate  itfelf  into  the  body  of  gold,  whe- 
“  ther  calcined  or  crude,  and  become  mani- 
“  fellly  hot  with  it,  in  lefs  than  two  or  three 
“  minutes  -j\” 

“  That  quickfilver  contains  fire,  is  evident 
“  hence,  that  if  you  fliake  it  about  in  an  ex- 
“  haufted  glafs,  it  will  appear  all  luminous. 

“  But  for  this  experiment,  ’tis  necefl'ary  the 
“  mercury  be  very  pure  and  defecate :  if  it 
“  have  no  tin  mix’d  with  it,  you  may  purge 
“  it  with  boiling-hot  vinegar  J.” 

“  By  an  almoft  momentary  percuflion,  with 
“  no  great  force,  the  parts  even  of  a  vegeta- 
“  ble  may  not  be  only  intenfely  heated,  but 
“  brought  to  adtual  fire  ;  as  we  have  tried  by 
ftriking  a  good  cane  with  a  fteel,  or  the 
“  back  of  a  knife  j  for  upon  this  collifion,  it 
“  would  yield  fparks  like  flint.  So  likewife 
“  by  fcraping  a  good  loaf  of  fugar,  with  a 
“  knife,  numerous  fparks  will  be  produced  ; 

“  but  upon  the  collifion  of  a  flint  and  fteel, 

“  not  only  fire,  but  even  vitrification,  which 
“  the  chemifts  efteem  the  ultimate  adtion  of 
“  fire,  is  inftantaneoufly  produced :  for  the 
**  fparks  which  here  fly  off,  are  ufually  real 
**  and  permanent  parcels  of  ftone,  vitrified  by 
“  the  vehemence  of  the  motion.  And  that 
“  this  vitrification  may  be  of  the  ftone  itfelf, 

“  though  fteel  is  of  a  far  more  fufible  nature, 

“  I  am  induced  to  think,  becaufe  flints  will, 
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“  by  collifion,  (trike  fire  with  one  another. 
“  The  like  alio  may  be  done  with  rock- 
“  cryital,  and  even  with  diamonds,  on  the 
“  mill  whereby  they  are  cut  ;  though  fire  is 
“  not  allow’d  to  fule  them  ||.” 

A  large  glafs  tube,  rubb’d  on  a  linen  or 
woollen  clotn,  will  emit  light  in  the  dark  ; 
and  the  tube  thus  heated,  acquires  a  fenfible 
eledtricity  **. 

A  globe  of  glafs  eight  or  ten  inches  in  dia- 
meter,  being  put  in  a  frame  where  it  may  be 
fwiftly  turn’d  about  its  axis  ;  will,  in  turning, 
fhine,  where  it  rubs  againft  the  palm  of  the 
hand  applied  to  it :  And  if,  at  the  fame  time 
a  piece  of  white  paper,  or  white  cloth,  or 
the  end  of  one’s  finger  be  held  at  the  diftance 
of  about  a  quarter  of  an  inch  from  that 
part  of  the  glafs  where  it  is  moll  in  motion  j 
the  eledtric  vapour  excited  by  the  friction  of 
the  glafs  againft  the  hand,  in  ftriking  againft 
the  paper,  cloth,  or  finger,  will  be  put.  into 
fuch  agitation,  as  to  emit  light,  and  make  the 
white  paper,  cloth,  or  finger,  appear  lucid  like 
a  glow-worm  ;  and  in  rufhing  out  of  the  glafs, 
will  fometimes  pulh  againft  the  finger,  fo  as 
to  be  felt  Ff . 

We  muft  add,  however,  that  the  globe  is 
to  be  firft  exhaufted  of  air ;  in  which  cafe, 
both  the  inner  and  outer  furface  will  appear 
all  luminous :  if  it  be  not  exhaufted,  there 
will  no  light  be  feen  in  the  body  itfelf,  but  on 
bodies  at  a  fmall  diftance  from  it. 

Hence,  and  from  fome  other  experiments  of 
the  like  kind,  s'Gravefande  infers,  that  the  glafs 
has  a  kind  of  atmofphere  in  and  about  its  fur- 
face,  which  is  excited,  and  put  into  a  vibra¬ 
tory  motion  by  the  fridtion  ;  by  which  mo¬ 
tion  the  fire  contain’d  in  the  glafs  is  expell’d ; 
and  that  this  atmofphere,  and  fire,  are  more 
eafily  put  in  motion,  and  difcover  themfelves 
more  readily,  upon  the  abfence  of  the  air  F+* 

Mr.  Boyle  furnilhes  various  inftances  of  the 
effedt  of  fridtion  in  the  produdtion  of  heat : 
“  Having  caufed  a  piece  of  iron  to  be  turn’d, 
“  and  placing  my  naked  hand  at  a  convenient 
“  diftance,  to  receive  the  little  fragments,  as 
“  they  flew  off  from  the  rod  ;  they  were  fo 
“  intenfely  heated,  by  the  quick  adtion  of 
“  the  tool  upon  them,  that  they  feemed  al- 
“  moft  like  fo  many  fparks  of  fire.  And  an 
“  expert  workman  in  brafs  affur’d  me,  that 
“  the  heat  in  the  little  fragments  thrown  off, 

“  when 
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we  find  that  if  any  foft  body  be  put  between  two  hard  ones,  the  ftrongefl: 
attrition  will  fcarce  produce  fire  *,  but  as  foon  as  fuch  foft  body  is  worn  out, 

fo 


“  when  he  turn’d  that  metal,  were  fometimes 
“  very  offenfive  to  his  eyes  ;  and  that,  when 
“  he  employ’d  a  rough  tool,  which  took  off 
“  greater  chips,  he  had  found  the  heat  fo  ve- 
“  hement,  as  not  only  to  fcorch  his  eye-lids, 
“  but  the  hard  Ikin  of  his  hand 

Of  the  mechanical  production  of  heat. 

Many  philofophers  have  afferted,  “  That 
“  heat  is  mechanically  producible,  which  ap- 
“  pears  probable  from  a  confideration  of  its  na- 
“  ture;  which  feems  principally  to  confiit  in 
“  that  mechanical  property  of  matter  called 
“  motion  ;  but  which  is  here  fubjedt  to  three 
“  conditions,  or  modifications. 

“  Firf,  the  agitation  of  the  parts  of  the 
“  body  mull  be  vehement  ;,for  this  diftin- 
“  guilhes  the  bodies  faid  to  be  hot,  from  thofe 
“  which  are  barely  fluid :  thus  the  particles 
“  of  water,  in  its  natural  ftate,  move  fo 
“  calmly,  that  we  do  not  feel  it  at  all  warm, 
“  tho’  it  could  not  be  a  liquor  unlefs  they 
“  were  in  a  reftlefs  motion  ;  but  when  water 
“  comes  to  be  a&ually  hot,  the  motion  ma- 
“  nifeftly  and  proportionably  appears  vehe- 
“  ment,  flnce  it  does  not  only  ftrike  our  or- 
“  gans  of  feeling  brilkly,  but  ordinarily  pro- 
“  duces  numerous  very  fmall  bubbles,  melts 
“  coagulated  oil  call  upon  it,  and  affords  va- 
“  pours,  which  by  their  agitation  afcend  into 
“  the  air.  And  if  the  degree  of  heat  be  fuch 
“  as  to  make  the  water  boil,  then  the  agita- 
“  tion  becomes  more  manifefl,  by  the  con- 
“  fufed  motions-,  waves,,  noife,  bubbles,  and 
“  other  obvious  effects  excited  therein.  Thus 
“  in  a  heated  iron,  the  vehement  agitation  of 
“  parts  may  be  eafily  inferr’d  from  the  motion, 
“  and  the  hifiing  noife  it  makes  with  the  drops 
*-f  of  water  that  fall  upon  it. 

“  But  though  the  agitation  be  various  as 
“  well  as  vehement,  there  is  yet  a  third  con- 
“  dition  required  to  make  a  body  hot  :  which 
“  is,  that  the  agitated  particles,  or  at  lealt 
“  the  greateit  number  of  them,  be  lo  minute , 
“  as  to  be  fingly  infenfihle.  Were  an  heap 
“  of  fand  to  be  vehemently  agitated  by  a 
“  whirlwind,  the  bulk  of  the  corpufcles  would 
“  keep  their  agitation  from  being  properly 
“  heat  ;  though  by  their  numerous  ftrokes 
“  upon  a  man’s  face,  and  the  brilk  commo- 
“  tion  of  thefpirits,  and  their  fmall  particles, 
“  which  may  thence  enfue,  they  may  perhaps 
“  produce  that  quality. 

“The  fecond  condition  is,  that  the  deter- 
“  mination  be  very  various,  and  tend  all  man- 
“  ner  of  ways.  This  variety  of  determuia- 
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“  tions  appears  to  be  in  hot  bodies,  both  by 
“  fome  of  the  inftances  already  mention’d, 
“  and  efpecially  that  of  flame,  which  is  a  body; 
“  by  the  dilatation  of  metals  when  melted  ; 
“  and  by  the  operations  of  heat,  exercifed  by 
“  hot  bodies  upon  others,  in  what  pofture  or 
“  fltuation  foever  the  body  to  be  heated  there- 
“  by,  is  applied  to  them  :  thus  a  coal  tho- 
“  roughly  kindled,  will  appear  on  all  fldes 
“  red,  and  melt  wax,  and  kindle  brimftone ; 
“  whether  the  body  be  applied  to  the  upper, 
“  the  lower,  or  to  any  other  part  of  it.” 

“  Hence  if  we  duly  attend  to  this  notion  of 
‘‘  the  nature  of  heat,  ’tis  eafy  to  difcern  how  it 
“  may  be  mechanically  produced  feveral  ways ; 
“  for,  except  in  fome  few  anomalous  cafes,  by 
“  whatever  means  the  infenflble  parts  of  a 
“  body  can  be  put  into  a  very  confufed  and  ve- 
“  hement  agitation,  heat  will  be  introduced 
“  into  that  body.  And  as  there  are  feveral  a- 
“  gents  and  operations,  by  which  the  heating 
“  motion  may  be  excited ;  fo  there  mud  be 
“  feveral  mechanical  ways  of  producing  heat. 
“  Various  experiments  may  be  reduced  to  al- 
“  moil  each  of  thefe  heads ;  chance  itfelfhav* 
“  ing,  in  the  laboratories  of  chemifts,  afforded 
“  feveral  phenomena,  referable  thereto  -f\” 

Confident  with  this  is  the  fyftem  of  the 
Lord  Bacon:  that  noble  author  is  fo  far  from 
imagining  any  particular  body  neceflary  to 
exhibit  the  phaenomena  and  effedts  of  fire, 
that  he  undertakes  to  aflign  precifely  the  me¬ 
chanical  caufe  cf  heat,  and  point  out  the 
means  neceflary  to  generate  it  in  any  body, 
without  fuppofing  any  pre-exiflent  fire  at  all. 

From  a  particular  enumeration  of  the  feve¬ 
ral  phenomena  and  effedts  of  heat,  he  de¬ 
duces,  (1)  That  heat  is  motion  :  not,  that 
motion  generates  heat,  or  heat  motion  ;  tho’ 
in  many  cafes,  this  be  true  :  but  that  the  very 
thing  heat  is  very  motion,  and  nothing  elfe. 
But  this  motion  he  fhews  has  feveral  pecu¬ 
liar  circumllances,  which  conftitute  it  heat. 
As,  (2)  That  it  is  an  expanfive  motion,  where¬ 
by  a  body  endeavours  to  dilate  or  ftretch  into 
a  larger  dimenfion  than  it  had  before.  (3) 
That  this  expanfive  motion  is  diredled  towards 
the  circumference  ;  and  at  the  fame  time  up¬ 
wards  ;  which  appears  hence,  that  an  iron 
rod  being  erefted  in  the  fire,  will  burn  the 
hand  that  holds  it,  much  fooner  than  if  put 
fin  laterally.  (4)  That  this  expanfive  motion 
is  not  equable,  and  of  the  whole,  but  only  of 
the  [mailer  particles  of  the  body  ;  as  appears 
from  the  alternate  trepidation  of  the  particles 

of 
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fo  that  the  furfaces  of  the  two  hard  ones  come  to  touch,  fire  immediately 
arifes.  So  if  two  iron-plates,  fmear’d  with  oil,  be  rubb’d  over  each  other, 

no 


of  hot  liquors,  ignited  iron,  &c.  Laflly,  that 
this  motion  is  very  rapid. 

Hence  he  defines  heat,  “  an  expanfive  un- 
“  dulatory  motion  in  the  minute  particles  of 
“  a  body,  whereby  they  tend  with  fome  rapi- 
“  city,  towards  the  circumference ;  and  at  the 
“  fame  time  incline  a  little  upwards.”  Hence, 
again,  he  adds,  that  if  in  any  natural  body 
you  can  excite  a  motion  whereby  it  iliall  ex¬ 
pand  or  dilate  itfelf ;  and  can  fo  reprefs  and 
direft  this  motion  upon  itfelf,  as  that  the  di¬ 
latation  {hall  not  proceed  uniformly,  but  ob¬ 
tain  in  fome  parts,  and  be  check’d  in  others  ; 
you  will  generate  heat*. 

This  fyltem  is  further  fupported  by.  Sir  If. 
Newton,  who  does  not  conceive  fire  as  any 
particular  fpecies  of  body,  originally  endued 
with  fuch  and  fuch  properties.  “  Fire,  ac- 
“  cording  to  him,  is  only  a  body  much  ig- 
“  nited,  i.  e.  heated  fo  hot  as  to  emit  light 
“  copioufly  :  what  eife,  fays  he,  is  a  red-hot 
“  iron  than  fire  ?  and  what  elfe  is  a  burning 

coal  than  red-hot  wood  ?  or  flame  itfelf 
“than  red-hot  fmoke?  ’Tis  certain,  that 
“  flame  is  only  the  volatile  part  of  the  fuel 
“  heated  red-hot,  i.  e.  fo  hot  as  to  fhine : 
“  and  hence  only  fuch  bodies  as  are  volatile, 
“  2.  e.  fuch  as  emit  a  copious  fume,  will  flame  ; 
“  nor  will  they  flame  any  longer  than  they  have 
“  fume  to  burn.  In  diltilling  hot  fpirits,  if 
**  the  head  of  the  ftill  be  taken  off,  the  af- 
“  cending  vapours  will  catch  fire  from  a  can- 
“  die,  and  turn  into  flame.  So  feveral  bodies 
“  much  heated  by  motion,  attrition,  fermen- 
“  tation,  or  the  like,  will  emit  lucid  fumes, 
“  which,  if  they  be  copious  enough,  and  the 
“  heat  fufliciently  great,  will  be  flame  ;  and 
“  the  reafon  why  fufed  metals  do  not  flame, 
“  is  the  fmallnefs  of  their  fume;  for  fpelter, 
“  which  fumes  more  copioufly,  does  like- 
“  wife  flame.  Add,  that  all  flaming  bodies, 
“  as  oil,  tallow,  wax,  wood,  pitch,  fulphur, 
“  fife,  by  flaming  vvafte,  and  vanilh  into  burn- 
“  ing  fmoak  f. 

“  And  do  not  all  fix’d  bodies,  when  heated 
*•  beyond  a  certain  degree,  emit  light,  and 
“  {hine ;  and  is  not  this  emiflion  perform’d 
“  by  the  vibrating  motion  of  their  parts?  and 
•  “  do  not  all  bodies  w'hich  abound  with  ter- 

“  relh-ial  and  fulphurous  parts,  emit  light  as 
“  often  as  thofe  partsfare  fufficiently  agitated, 
“  whether  that  agitation  be  made  by  external 
“  fire,  or  by  frifticn,  or  percuflion,  or  putre- 
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“  fadlion,  or  any  other  caufe  ?  Thus  fea-water 
“in  a  ilorm,  quickfilver  agitated  in  vacuo, 
“  the  back  of  a  cat,  or  neck  of  a  horfe  ob- 
“  liquely  rubb’d  in  a  dark  place,  wood,  flefl], 
“  and  filb  while  they  putrefy,  vapours  from 
“  putrefying  waters,  ufually  called  ignesfatui, 
“  flacks  of  moilt  hay  or  corn,  glow-w'onns, 
“  amber  and  diamonds  by  rubbing,  fcrapings 
“  of  fteel  flruck  off  with  a  flint,  $. 

“  -  Are  not  grols  bodies  and  light  con- 

“  vertible  into  one  another  ;  and  may  not  bo- 
“  dies  receive  much  of  their  a&ivity  from  the 
“  particles  of  light,  which  enter  their  com- 
“  pofltion  ?  I  know  of  no  body  lefs  apt  to 
“  {hine  than  water,  and  yet  water  by  frequent 
“  diftillations  changes  into  fix’d  earth  ;  which 
“  by  a  fufficient  heat  may  be  brought  to  fhine 
“  like  other  bodies  || . 

“  It  feems  extravagant  to  talk  of  heating 
“  cold  liquors  with  ice  ;  but  I  have  eaflly  done 
“  it,  by  taking  out  of  a  bafon  of  cold  water, 
“  wherein  feveral  fragments  of  ice  were  fwim- 
“  ming,  one  piece  or  two,  which  1  perceiv’d 
“  very  well  drench’d  with  the  liquor,  and 
“  fuddenly  immerfing  them  into  a  wide- 
“  mouth’d  glafs  of  ftrong  oil  of  vitriol  :  for 
“  the  menltruum  prefently  mixing  with  the 
“  water  which  adhered  to  the  ice,  produced 
“  in  it  a  briflc  heat,  fometimes  with  a  mani- 
“  fell  fmoke  ;  and  that  fuddenly  diffolving 
“  the  contiguous  parts  of  the  ice,  and  thofe 
“  the  next,  the  whole  ice  was  foon  reduced 
“  to  water  ;  and  the  corrofive  menltruum  be- 
“  ing,  by  two  or  three  fhakes,  well  difperfed 
“  through  it,  the  whole  mixture  w'ould  im- 
“  mediately  grow  fo  hot,  that  fometimes  the 
“  containing  phial  could  not  be  endured  in 
“  one’s  hand. 

“  Though  oil  of  vitriol  be  one  of  the  moil 
“  fiery  iiquors  yet  kown,  and  even  performs 
“  fome  of  the  operations  of  fire  itfelf,  and 
“  thaws  ice  fiooner  than  the  fpirit  of  wine,  or 
“any  other  liquor;  yet  having  put  a  pound 
“  of  fine  rectified  oil  of  vitriol  into  a  firong 
“  glafs  phial,  proportionable  to  it,  we  found 
“  that,  except  a  little  which  was  fluid  at  the 
“  top,  it  was  all  congeal’d  or  coagulated  into 

a  mafs  like  ice,  though  the  glafs  flood  in  a 
“  laboratory,  where  a  fire  was  conftantly 
“  kept  not  far  from  it,  and  where  oil  of  vi- 
“  triol  very  feldom,  or  never,  has  before,  or 
“  flnee,  been  obferved  to  congeal  fo  much  as 
“  in  part**.” 


*  De  Forma  Calidi. 

**  Boyle  Mech.  Pnd.  of  Heat. 


X  Ibid. 
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no  confiderable  heat  will  be  railed  ;  but  after  the  Tides  of  the  hard  iron  come 
to  move  brifkly  on  each  other,  an  intenfe  heat  is  prefently  occafion’d. 

102.  If  the  bodies  rubb’d  together  agree  in  other  refpetfls,  that  will  al¬ 
ways  be  readied  to  yield  fire,  which  confifts  of  the  denfeft  matter  ;  and  that 
the  mod  backward  which  is  the  rared  ;  a  property  which  holds  univerfally  in 
the  generation  of  fire.  But  all  circumdances  correfponding,  a  denfer  and 
fofter  body,  fuch  as  lead,  will  not  yield  more  fire  by  attrition  than  a  lighter, 
but  more  rigid  one,  as  iron:  fuppofing  the  two  equally  rigid,  the  heavied 
will  prevail.  Hence  it  appears,  why  the  Indian  Sideroxylon ,  a  wood  mod 
remarkable  for  its  hardnefs  and  weight,  not  only  ferves  them  for  weapons, 
but  for  the  kindling  a  fire,  by  rubbing  two  pieces  drongly  againd  each 
other.  Add,  that  fire  will  be  raifed  the  fooner  by  attrition,  by  how  much  the 
bodies  rubb’d  are  harder  and  more  weighty  :  thus  the  collifion  of  flint  and 
deel  yields  fire  in  a  moment ;  whereas  in  lighter  and  foft  bodies  this  requires 
fome  time. 


COROLLARY  VI. 

104..  But  the  chief  condition  neceflary  to  the  producing  fire  by  attrition 
is,  that  the  bodies,  which  are  rubb’d  on  each  other  to  this  end,  be  drongly 
prefs’d  againd  each  other  at  the  time  of  the  attrition.  For  if  an  iron-plate 
be  laid  on  another,  fo  as  only  to  prefs  it  with  its  own  weight,  and  in  this 
cafe  the  upper  be  mov’d,  or  worked  on  the  under  with  a  certain  recipro¬ 
cal  motion,  fome  heat,  though  only  in  a  fmall  degree,  will  be  produced  in 
each :  but  if  ten  pound  weight  be  laid  on  the  upper  plate,  and  it  be  thus 
work’d  with  an  equal  motion  as  before,  a  much  greater  heat  will  immediately 
be  perceiv’d  ;  and  by  thus  increafing  the  weights,  the  heats  produced  will 
be  increafed  in  an  extraordinary  proportion,  if  the  velocity  of  the  motion 
dill  remain  the  fame  ;  fo  that  at  length,  fire  may  be  produced  by  an  inftan- 
taneous  motion  or  droke,  provided  the  two  bodies  be  prefs’d  drongly,  and 
mov’d  fwiftly  on  each  other.  Something  of  the  like  kind,  we  have  already 
obferved,  obtains  even  in  the  particles  of  fluids. 

COROLLARY  VII. 

105.  Ladly,  it  is  to  be  obferved,  that  this  fire,  from  attrition,  is  fo  much 
the  greater,  as  well  as  iooner  produced,  by  how  much,  all  other  circum- 
ftances  being  fuppofed  equal,  the  motion  of  the  hard  particles  is  the  fwifter ; 
fo  that  a  very  flow  motion  fcarce  generates  any  heat,  while  a  quicker  imme¬ 
diately  produces  a  very  intenfe  one.  Grafp  a  rope  clofe  in  your  hand,  and 
at  the  fame  time  draw  it  flowly  along,  and  no  heat  will  be  perceiv’d  j  but 
as  foon  as  the  hand  is  made  to  pafs  rapidly  along  it,  a  burning  heat  will  be 
felt.  So  a  knife,  however  vigoroufly  prefs’d  on  a  threfhold,  or  a  grindflone, 
will  fcarce  grow  warm  *,  but  if  nimbly  agitated  backwards  and  forwards  a- 
long  the  fame,  produces  a  vehement  heat  ;  fo  that  if  applied  on  a  grindflone 
brilkly  driven  round,  it  may  be  made  red-hot,  provided  it  be  ftrongly  held 
down,  and  yet  the  grindflone  all  the  while  will  fcarce  grow  warm  j  becaufe 
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the  part  in  contact  is  continually  getting  from  under  the  knife.  Hence^ 
therefore,  as  the  celerity  is  increafed,  the  degree  of  fire  will  alfo  be  proportio- 
nably  increafed,  and  this  in  infinitum. 

COROLLARY  VIII. 

106.  From  the  whole  it  follows,  that  wherever  the  three  above-mention’d 
caufes  concur,  the  intenf.  ft  fire  may  immediately  be  produced  from  the  cold- 
eft  bodies.  For  if  two  large  maftive  orbs  of  hard  iron  be  prefs’d  together 
by  a  weight  of  a  million  pound,  and  fwiftly  agitated  by  a  powerful  mover 
over  the  furfaces  of  each  other,  a  furious  heat  will  inftantly  be  produced  in 
either  orb.  This  is  evident  in  wind-mills,  when  a  dry  axis  is  vehemently 
driven  by  a  whirlwind  on  a  dry  focket,  which  will  immediately  raife  fire 
and  flame ;  whereas  the  motion  here  can  be  but  flow  by  reafon  of  the 
frnall  diameter  of  the  axis.  The  fmall  fhavings  of  iron  ftruck  off  by  a  tur¬ 
ner  will  bum  the  hand  •,  and  duft  of  wood  will  do  the  fame.  May  we 
not  therefore  fuppofe,  that  towards  the  centre  of  the  earth,  where  the  fub* 
jacent  bodies  are  prefs’d  with  a  vaft  load  of  fuperincumbent  ones,  fo  that  of 
neceflity  they  muft  become  extremely  denfe,  a  moft  vehement  fire  muft  be 
produced  by  fo  extraordinary  an  attrition  ?  And  muft  not  fuch  fire  be  con¬ 
tinually  and  gradually  increafing  (/)  ?  By  all  this  it  appears,  that  we  can 
never  define  the  laft  and  higheft  degree  of  fire  capable  of  being  produced  by 
attrition  •,  for  though  it  were  poflible  to  aflign  which  was  the  heavieft,  and 
the  hardeft  body,  yet  there  is  no  afcertaining  the  utmoft  weight ;  nor  can 
we  affign  any  higheft  degree  of  motion :  confequently  there  can  be  no  fuch 
heat,  but  that  a  greater  may  be  raifed. 


EXPERIMENT  X. 

107.  But  if  in  the  preceding  experiment  fome  liquid  be  continually  in- 
terpofed  between  the  furfaces  of  the  two  comprefs’d  moving  bodies,  no  con- 
fiderable  heat  will  arife,  comparable  to  what  would  have  been,  if  fuch  com- 
preflion  had  been  wanting.  Of  this  we  have  inftances  enough  every  where. 
It  may  fuffiee  to  mention  that  of  the  grindftone,  on  which  if  the  blade  of 
a  knife  be  applied  when  dry,  it  prefently  grows  warm,  creeks,  and  fre¬ 
quently  emits  (parks*,  but  if  a  drop  of  water,  oil,  or  fpirit,  be  put  between, 
nothing  of  this  will  ordinarily  be  obferv’d.  ’Tis  known,  that  the  axes  of 
wheels,  if  fmear’d  with  oil,  will  fcarce  grow  hot ;  but  if  dry,  and  made  to 
turn  in  a  dry  .  focket,  they  prefently  creek,  fmoak,  grow  hot,  and  at  laft 
catch  fire.  Who  has  not  heard,  as  we  have  already  mention’d,  that  wind¬ 
mills  have  fometimes  been  fet  on  fire,  and  burnt  down  from  the  like  caufe, 
•uiz.  the  want  of  due  greafing  ?  But  there  is  no  inftance  where  this  appears 
more  manifeftly  than  in  grinding  of  glafs  *,  where  neither  the  difh,  nor  the 
lens  to  be  ground,  grow  hot,  unlefs  the  watery,  Qr  un&uous  medium  made 


(/)  See  Boyle  of  Cofmical  Qualities. 
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ufe  of  be-  confumed,  and  the  clifh  and  glafs  left  dry  ;  when  a  violent  heat 
is  immediately  produced. 

COROLLARY  I. 

108.  Hence,  by  how  much  bodies  are  fofter,  more  yielding,  lefs  eladlc,  Soft  light 
and  rarer,  by  fo  much  the  lefs  are  they  difpofed  to  produce  heat  by  fridtion, 

in  comparifon  of  others  ;  and  as  fluids  are  generally  poflefs’dof  thofe  proper-  ^te  hea7hy 
ties,  they  hereby  become  lead  difpofed  of  all  others  for  producing  heat  by  frittion . 
attrition  ;  indead  whereof  they  yield,  Ihrink  back,  and  fly  away :  all  which 
regularly  obtain  in  all  cafes. 

COROLLARY  II. 

109.  So  much  the  lefs  heat  is  produced  by  the  mutual  fii&ion  of  bodies,  Andbddies  not 
by  how  much  they  are  prefs’d  together  by  a  fmaller  force  ;  which  alfo  ob-  much  pre fed. 
tains  regularly  in  every  cafe. 

COROLLARY  III. 

no.  Such  alfo  as  are  agitated  by  a  flight  motion,  though  they  have  all  Or  at  ref 
the  other  properties  neceflary  for  generating  fire  by  fribtion,  will  yet  afford 
none  *,  and  if  they  be  left  at  red,  will  return  to  the  temperature  of  the  am¬ 
bient  air.  This  we  learn  from  vad  heaps  of  iron,  which  how  hard  foever, 
and  prefs’d  by  fo  great  an  incumbent  load,  yet  become  no  hotter  than  the 
foft  thin  light  air  which  furrounds  it. 

COROLLARY  iy. 

hi.  From  all  which  we  may  infer,  that  fire  fhews  itfelf  lead  by  its  ef-  ? he  natural 
fedls,  fird,  in  fuch  places  which  are  either  poflefled  by  none,  or  at  lead  by  nce 
very  rare  bodies,  and  thofe  divided  into  parts  fcarce  cohering  with  each7 
other.  Secondly,  where  there  is  no  external  caufe  to  comprefs  them  together. 

Thirdly,  if  there  be  no  caufe  which  gives  them  motion  j  fuch  with  us  would 
be  a  Torricellian  vacuum  :  for  if  a  glafs  tube,  forty  inches  long*  clofed  at 
one  end,  and  perfedtly  clean,  be  quite  filled  with  pure  well-dried  hot  mercury, 
and  thus  properly  immerged  by  the  open  end  into  a  bafon  of  the  like  mer¬ 
cury,  and  now'  raifed  perpendicularly,  fo  that  there  be  nothing  but  puremer«- 
cury  in  the  tube,  the  descending  mercury  will  leave  an  empty  fpace  in  the 
top  of  the  tube,  where  there  will  not  remain  the  lead  fign  of  a  >y  heavy  re¬ 
dding  body :  nay,  if  the  mercury  in  the  veffel  be  duly  prefled  it  will  rife 
again,  and  replenifh  the  vacant  fpace  of  the  tube,  filling  it  perfectly  as  be¬ 
fore.  Here,  therefore,  appears  a  fpace,  wherein  no  attrition  of  any  bodies  Pure  fire  pet 
is  found  y  and  confequently  here  mud  be  the  lead  degree  of  fire  produced  hardly  to  he 
by  the  attrition  abovemention’d  ;  and  yet  upon  ftiaking  this  tube,  a  light  is  'cun 
produced  in  this  vacuum,  as  has  been  elegantly  fhewn  by  that  great  mathema¬ 
tician  Bernoulli.  From  whence  alfo  fome  will  infer  that  here  alfo  are  bodies. 

’Tis  certain  indeed,  that  what  penetrates  glals,  and  quickfilver,  and  air, 
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mud  neceflarily  be  found  equally  diftributed  in  fuch  place;  but  It  does  noC 
any  way  appear  that  this,  whatever  it  be,  afford  the  leaft  indication  of  any 
heat  produced  :  fo  that  the  light  here  generated  by  the  fhaking*  may  pro¬ 
bably  be  of  that  kind,  which  we  have  already  fpoke  of  in  the  hiftory  of 
light,  as  a  property  of  fire.  Hence  we  apprehend  that  light,  and  perhaps 
fire  itfelf,  can  fcarce  appear  to  us  under  the  form  of  fire,  without  the  con¬ 
current  action  of  fome  folid  bodies;  but  can  freely  pafs  through  all  fpaces 
without  betraying  any  of  the  ufual  effeCts.  In  reality,  it  appears,  that  the 
further  we  afcend  from  the  common  furface  of  the  earth  as  upon  high  moun¬ 
tains,  where  there  are  no  meteors  to  hinder  or  difturb  the  equal  aClion  of 
the  fun’s  rays,  which  all  ftrike  dir'edly,  and  with  their  full  force,  on  the 
oppofite  bodies,  here  no  heat  is  perceiv’d,  but  all  things  feem  extremely  cold. 
In  fine,  as  we  afcend  nearer  to  the  fun,  and  further  from  the  earth,  where 
vapours  and  exhalations  are  fcarce  found  to  mount  in  any  fenfible  de¬ 
gree,  yet  there  water,  if  any  rife  fo  high,  turns  to  fnow,  and  even  remains 
fo  on  the  tops  of  mountains  in  the  middle  of  fummer :  fo  that  it  feems  as 
if  where  there  is  no  hard  corporeal  matter  to  refill  fire,  and  where  there  is 
nothing  capable  of  exciting  an  attrition,  there  fire,  though  it  is  prefent,  is 
found  latent  and  inadive.  Confequently  as  the  highell  mountains  are  fcarce 
femi-diameters  of  the  earth  high,  and  yet  the  cold  increafes  fo  confide- 
rably  at  fo  fmall  a  diftance  from  the  centre  of  the  earth,  and  upon  fo  fmall 
an  approach  towards  the  meridian  fun,  and  where  the  gravity  of  the  atmo- 
fphere  is  Hill  found  fo  confiderable,  what  fhall  we  think  would  be  found  if 
we  could  make  obfervations  a  thoufand  times  higher ;  or  if  any  relation; 
thereof  could  be  fent  to  us  ? 

1 12.  So  far  as  we,  who  know  but  little  of;  nature,  are  able  to  conjecture*, 
all  motions  appear  to  decreafe  the  more,  by  how  much  we  afcend  higher 
from  the  earth  ;  fo  that  the  uppermolt  places  enjoy  a  perpetual  quietude 
and  filence.  Hence  the  fame  trees,  produced  from  the  fame  feed,  and  planted 
on  the  fame  mountain,  with  the  fame  afped  towards  the  fun,  are  always 
found  biggeft  at  the  foot,  and  fmaller  and  drier  the  higher  we  advance  to¬ 
wards  the  top.  I  have  fometimes  wonder’d  upon  reading  what  the  ancient 
alchemifts  relate,  viz.  that  in  pure  fire  there  is  the  utmoll  filence  and  abfo- 
lute  reft,  and  even  that  God  refides  therein  ;  from  whence  he  fends  out  his 
miniftring  fires  to  move  and  vivify  bodies,  which  otherwife  would  die  by 
their  inactivity;  thus  peforming  the  orders  of  the  Almighty  Maker.  To  the 
like  elfeCt  we  find  teftimonies  among  the  ancient  Jews  and  facred  writers  ( [k ). 

COROLLARY  V. 

1 1 3.  Laftly,  the  fudden  and  wonderful  production  of  heat  and  fire,  in  the 
coldeft,  hardeft,  and  heavieft  bodies,  by  mere  force  of  violent  friction  againft  the 
lighted;,  fofteft,  and  coldeft  fluids,  is  daily  fhewn  before  our  eyes. — Suppofe 
a  large  folid  ircn  ball  fhot,  in  the  winter  time,  from  a  cannon  charg’d  with 
gunpowder,  it  will  fly  600'  feet  in  a  minute  through  the  cold  air,  which 
makes  a  greater  refiftance  to  its  motion  than  any  wind,  the  moft  rapid  of 

which 

•(£)  Exod.  c.  3.  v.  2,  3,4.  C.  19.  v.16,  18.  C.  24.  v.  17.  Levit,  c.  10.  v.  2.  Pfalmi 
c.  104.  v.  2,  4.  Hebrews  c.  1.  v.  7.  and  c.  12.  v.  29. 
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which  only  moves  22  \  feet  ;  whilft  at  the  fame  time  it  condenfes  the  air 
with  fo  much  violence,  as  to  throw  down  every  thing,  tear  up  trees,  break 
their  branches,  and  beat  buildings,  &c.  to  the  ground  (/).  Hence  it 
appears,  how  much  fritftion  the  ball  muft  have  undergone  in  its  pafiage, 
which,  by  the  way,  did  not  proceed  in  a  right  line,  but  by  its  whirling 
motion  continually  defcribes  a  cycloid  with  every  point  of  its  body.  When  it 
falls  it  is  found  quite  hot ;  notwithftanding  that,  in  its  whole  pafiage,  it  had 
continually  met  with  new  cold  air,  and  confequently  muft  have  loft  every 
moment  fome  part  of  the  heat  it  had  acquired.  This  heat  of  the  ball  could 
not  have  arifen  from  the  flaming  gunpowder,  whereby  it  was  exploded, 
fince  it  only  remain’d  in  that  flame  an  incredibly  fmall  fpace  of  time,  hardly 
the  Toi}ooo~o  Part  °f  an  hour,  in  which  time  it  is  by  no  means  credible  fo  folid 
a  ball  fhouljd  have  acquired  fuch  a  heat  •,  which  is  much  more  naturally  ac¬ 
counted  for  from  the  great  attrition  of  the  ball,  driven  with  fuch  a  velocity 
againft  the  air,  and  repell’d  by  a  wind,  which  is  27  ~  times  fwifter  than 
-the  ftrongeft  wind  hitherto  obferved. 

1 14.  It  appearing  then,  by  all  kinds  of  experiments,  that  fire  may  be  irn-  We  doiirine- 
mediately  produced  by  the  fridlion  of  any  kind  of  body,  at  all  times  in  affor(lef  b l'Jt 
every  degree  of  cold,  and  every  place,  where  trial  has  hitherto  been  made, t  J 
provided  the  three  phyfical  conditions  above-mention’d  be  found  •,  we  may 

hence  infer  feveral  things  which  will  give  an  infight  into  the  nature  of 
fire. 

1 1 5.  And  firft,  that  fire,  as  hitherto  known,  is  prefent  in  all  places,  tho’  p-ire  prefe-:£ 
not  always  difcoverable  by  us,  when  we  look  for  it  in  the  vulgar  manner  *,  every  where* , 
for  the  beft  thermometer  always  fhews,  that  in  the  higheft  degree  of  cold 
above-mention’d,  there  is  always  fome  heat  remaining,  though  it  be  ufually 
miftakenly  fuppofed,  that  there  is  no  fire  left,  when  the  thermometer  finks 

to  Q. 

1 1 6.  Nor  is  fire  only  contain’d  in  all  fpace,  but  found'  equally  diftri-  And  in  all. 
buted  in  all  bodies,  the  rareft  as  well  as  the  moft  folid  •,  for  if  a  very  fen-  bodies. 

Able  thermometer  be  applied  in  the  extremity  either  of  fummer,  or  winter, 

to  a  glafs  veflcl  in  which  is  a  'Torricellian  vacuum,  where  any  one  would 
perhaps  imagine,  that  there  is  more  fire  contain’d,  and  at.  the  f.me  time  the 
thermometer  be  applied  to  the  heavitft  of  all  bodies  gold,  we  find  the  very 
fame  degree  of  heat  and,  cold  in  both  •,  provided  both  of  them  had  continued 
long  enough  in  the  air,  without  any  change  therein  as  to  the  degree  of  heat  and 
cold.  This  I  have  never  found  any  body  could  believe  at  the  firft  relation 
but  the  truth  and  certainty  of  it  is  fu  Ardently  made  appear  by  the  following 
experiments.  In  a  (harp  winter’s  cold  I  placed  a  Torricellian  vacuum,  an  ex- 
haufted  receiver*  air,  pure  alcohol,  exprefled  oils,  diftilled  oils,  water,  lixj- 
viums  of  various,  (alts,  fpirits  diftilled  from  falls,  quick- filver,  feathers, 
duft  of  metals,  fand.  and  calxes,  to  the  open  air,  and  found  the  fame  degree 
of  heat  and  cold  in  them  all,  without  the  lead  difference. 

1 1 7.  I  have  not  therefore  found  there  is  any  fpace  in  nature  deftitute  of  In  alljpacit 
fire  *,  nor  have  I,  with  all  my  endeavours,  been  able  to  difcover  any  body,  en¬ 
dued  with  fuch  power  by  the  Creator,  as  to  attradt  this  fire,  thus  equably  di- 

ftributed? 
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ftributed,  and  fix  it  to  itfeif,  fo  as  to  have  more  than  its  fhare  thereof :  in 
fine,  I  do  not  find  that  there  is  in  nature  any  fuch  thing  as  a  magnet  of  fire  ; 
but,  by  all  I  have  been  able  to  obferve,  it  appears,  that  if  either  the  attrition, 
or  the  mixture  of  bodies  come  to  be  at  reft,  the  fire  they  had  conceived  be¬ 
comes  again  equably  diffufed  in  proportion  to  the  fpace  as  before.  Nor  does 
it  fignify,  whether  fuch  fpaces  be  void,  or  full  of  matter,  or  what  kind  of 
bodies  it  be  fill’d  with.  Here  fome  will  be  apt  to  cry  out,  that  I  am  dealing 
in  chimseras,  and  alledging  things,  not  only  vain  and  falfe,  but  contrary  to 
common  fenfe  and  experience,  which  manifeftly  fihews  that  iron,  in  winter, 
is  colder  than  featheis,  and  quickfilver  than  alcohol.  But  let  it  be  confi- 
dered,  I  am  not  here  fpeaking  of  fire  appearing  to  the  fenfes  by  its  degree 
of  heat  and  cold,  but  of  fire  difcover’d  by  that  charadteriftic  above  fettled, 
of  ratifying  bodies  :  as  for  that  greater  degree  of  heat,  difcoverable  in  alcohol, 
than  in  quickfilver,  or  ice,  I  fhall  endeavour  to  account  for  it,  after  having 
treated  of  the  different  manner,  wherein  folid  and  rare  bodies  are  affedted  by 
heat  and  cold  j  to  do  it  now  would  be  to  trefpafs  againft  my  method.  An¬ 
other  thing  that  may  be  alledg’d  in  favour  of  this  dodlrine  of  fire  is,  that 
the  fire  thus  equably  diftnbuted,  by  means  of  reft,  through  all  places,  is  fcarce 
perceived  at  all  ;  by  reafon  that  things  which  are  every  where  perfedlly  the 
fame,  and  do  not  diftinguifh  themfelves  by  any  diverfity  in  them,  ufually 
pafs  for  nothing  at  all ;  as  would  eafily  appear,  if  there  were  at  any  time 
fuch  a  degree  of  fire,  as  fhould  make  no  change  in  any  fluid  or  folid  body  ; 
for  no  one  would  then  think  either  of  fire,  heat,  or  cold  ;  but  as  foon  as  the 
fire  fhould  be  fo  far  increafed,  as  to  render  wax  a  little  fofter  than  before, 
they  would  immediately  begin  to  fufpect  fome  acceffion  of  heat  or  fire  •,  be- 
caufe  they  know  that  wax  is  liquified  by  fire.  And  from  this  miftaken 
opinion  it  arifes,  that  mankind  conclude,  whenever  fire  becomes  more 
manifeft  by  its  effects,  that  fome  new  fire  is  generated  either  by  art  or 
accident. 

Fire  conti -  1 1 8.  A  third  point  deducible  hence  is,  that  this  fire,  thus  diffufed  thro* 

Ttuallj  m  mo-  ,all  fpaces  and  bodies,  is  continually  in  motion  ;  for  who  will  pretend  to  af- 
fign  the  laft  point  of  abfolute  cold,  that  is,  the  perfect  reft  of  fire  ?  but  the 
fmalleft  beginning  of  fire,  or  heat,  or  rarifadting  power,  immediately  begins 
to  expand  all  bodies,  and  remove  their  parts  from  their  natural  clofenefs ; 
and  as  long  as  it  does  thus,  hinders  the  proper  cohefion  of  the  elements  ? 
all  which  plainly  fihews,  that  there  is  a  real  motion  exercifed  in  them.  And 
hence  it  appears  probable,  that  fire  is  always  contained,  as  well  as  it  is  always 
in  motion  or  adlion,  both  in  vacuo ,  and  in  the  void  fpaces  of  folid  bodies,  as 
in  fo  many  veffels,  and  thus  continually  produces  certain  operations  infepa- 
rable  from  it ;  all  which  principally  aim  at  this,  viz.  to  remove  the  ele¬ 
ments  from  one  another,  and  thus  make  thq  fire  expand  itfeif  more  equa¬ 
bly.  In  the  mean  while  it  is  no  lefs  certain,  that  the  particles  of  the  matter 
are  continually  endeavouring  to  draw  nearer  each  other  •,  and  thus  confine  the 
void  fpaces  between  them  ftill  more  and  more ;  and  confequently  extrude  the 
■fire  contain’d  therein,  as  much  as  may  be,  by  deftroying  the  equilibrium. 
Thus  there  would  be  a  perpetual  a<5tion  and  re-a6tion  between  the  fire  in  the 
pores,  endeavouring  to  expand  the  particles,  and  the  natural  endeavours  of 

bodies*. 
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bodies,  which  tends  to  make  them  contract  more  clofely.  After  this  man¬ 
ner,  therefore,  may  all  bodies,  placed  in  immenfe  fpace,  be  divided  into 
fire,  which  expands  them,  and  bodies  which  are  continually  driving  a- 
gainft  the  reparation  of  their  elements:  thus  the  two  principles,  the  one  ex* 
panfive,  the  other  contractile,  prevail  through  all  bodies,  and  become  the 
caufes  of  a  multitude  of  corporeal  actions,  whofe  power  or  energy,  therefore, 
can  hardly  be  conceived  from  the  idea  we  have  hitherto  had  of  them,  and  is 
thoroughly  known  by  none  but  God  himfelf. 

1 19.  The  more  a  man  confiders  this,  the  more  certain  it  appears,  that  fire  Fire  does  not 
cannot  penetrate  into  the  laH  and  leaff  elements  of  bodies,  but  is  repelled  pnetrate  the. 
therefrom,  as  often  as  it  attempts  it ;  and  this  with  the  more  force,  by  how  bodies.^ 
much  it  endeavours  to  penetrate  more  forcibly.  By  this  means  there  muft 

arife  a  kind  of  attrition  betwixt  fire  and  other  bodies  *,  and  confequently  fire 
is  never  lodg’d  in  the  proper  fubHance  of  bodies,  but  only  in  the  interftices, 
which  are  left  between  the  particles,  even  of  the  moft  folid  bodies.  In  effedt, 
the  dvTirvTTioi  of  Democritus ,  called  impenetrability  by  others,  appears  fo  ef- 
fential  to  fire,  and  all  other  bodies,  that  in  all  the  experiments  which  have 
hitherto  been  made,  it  feems  infeparable  therefrom. 

120.  We  are  to  confider,  that  while  the  fire  here  defcribed,  lodg-  Wind  mt  ^ 

ing  within  the  pores  of  bodies,  is  not  moved,  or  adted  on  by  any  o-  °f 

ther  caufe,  it  does  not  difcover  itfelf  by  any  effedt  •,  becaufe  it  can  go  out  0t 

of  the  pores,  as  eafily  as  enter,  and  therefore  will  make  no  great  altera¬ 
tion  in  its  adtion  on  the  containing  body ;  fince  it  appears  to  be  prefent, 
and  adl  equally  every  where.  To  conceive  the  more  readily  what  I  mean,  _ 
take  a  very  fenfible  thermometer,  and  note  the  degree  of  heat  indicated 
thereby  •,  then  apply  it  to  the  mouth  of  a  pair  of  large  bellows,  and  blow¬ 
ing  brifkly  therewith  againft  the  ball  of  the  thermometer,  you  would  na¬ 
turally  expedt  that  this  new  blaft  of  wind  fhould  produce  fome  notable 
cold,  and  the  thermometer  be  affedted  thereby  :  yet  the  contrary  is  found  j  But  rather  of 
the  inftrument  Handing  Hill  at  the  fame  time.  Hence  we  learn,  that  nei-  f:eaU 
ther  heat  nor  cold  are  augmented  in  this  manner  to  any  fenfible  degree  j 
for  fire  moves  almoH  as  eafily  through  quiefcent,  as  through  moving  air, 
by  reafon  of  the  great  rarity  of  it.  Yet  if  the  air  were  agitated  with  a 
much  greater  force  than  that  of  the  bellows,  the  degree  of  heat  would  be 
fomething  increafed,  as  above  fhewn,  by  the  attrition  thereof:  whence  pro¬ 
bably  it  may  be,  that  in  furious  Horms,  other  circumftances  being  fuppofed 
equal,  the  heat  is  rather  increas’d  than  diminifh’d.  Accordingly,  I  have  TP' it  eooti 
formerly  obferv’d  the  higheH  winds  to  be  attended  vvith  a  hot  air  ;  and  the  thelody. 
feverefi  froHs  happen  when  the  wind  is  Hill.  It  may  be  afk’d  then,  why 
does  the  wind,  nay  the  very  breeze,  appear  cold  to  our  body,  efpecially  when 
warm’d  ;  by  which  men  are  induc’d  to  believe,  that  it  has  fome  cooling 
power?  And  is  it  not  known,  that  when  a  nipping  wind  blows  Hrongly 
for  a  confiderable  time,  the  exceflive  cold  thereof  becomes  ofFenfive  to  the 
body,  and  if  long  enough  continued,  occafions  a  gangrene  ?  The  fact  may 
be  allow’d  ;  but  the  caufe  is  very  different  from  what  is  ordinarily  affign’d  : 
it  mud  be  remember’d-  then,  firH,  that  no  man  can  live  in  an  air  which  is 
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90  degrees  hot,  but  that  all  known  animals  quickly  die  therein  ;  yet  the 
vital  warmth  of  our  bodies  is  92  degrees,  and  that  of  infants  often  94,  as 
Fahrenheit  has  obferved. 

12 1.  Hence  a  man  is  always  hotter  than  the  ambient  air  ;  and  thus  the 
garments  wore  on  his  body  are  always  warmer  than  if  they  were  expofed  on 
all  Tides  to  the  open  air  •,  nay,  and  this  heat  of  the  man  warms  the  air  con¬ 
tiguous  to  his  body  :  if,  therefore,  the  air,  without  wind,  he  at  reft  about 
a  man’s  body,  the  atmofphere  of  the  man  will  be  warmer  than  that  of  the 
air,  and  accordingly,  he  will  feel  the  air  hot  as  it  really  is  ;  but  when  the 
wind  rifes,  this  warmer  air  which  inverted  the  man  is  blown  away,  and 
its  place  fupplied  by  frefh  colder  air;  upon  which  a  fenfible  cold  muft  be 
perceived  in  the  lungs,  and  on  the  furface  of  the  body  :  add,  that  the  heat 
given  to  the  clothes  by  the  warm  body  is  carried  off  by  the  fame  wind,  and 
thus  a  new  frefh  coldnefs  is  continually  imparted  by  them  to  the  body  ;  the 
efted  whereof  is  the  fame,  as  if  a  man  fhould  be  continually  putting  on  a 
frefh  clothing  of  cold  air :  and  hence  it  appears,  that  wind  may  cool  the 
body  of  man  by  carrying  off7  its  excefs  of  heat,  though  it  do  not  generate 
cold  of  itfelf.  This  remark  being  of  incredible  fervice  in  medicine,  we  will 
further  illuftrate  it  by  an  example.  Suppofe  a  man  by  exercife,  a  difeafe,  or 
any  other  caufe,  heated  to  100  degrees  within  his  clothes,  in  a  ftill  air ;  and 
fuppofe  the  temperature  of  the  air  at  that  time  to  be  48  degrees  ;  it  will 
be  eafy  to  conceive,  that  his  apparel  will  be  heated  thereby  almoft  to 
the  fame  degree  as  the  body  itfelf ;  nay,  and  the  quiefcent  air  about  his 
clothes  and  his  head,  will  conceive  a  confiderable  degree  of  heat  beyond 
that  of  48  degrees.  I  have  often  obferved  upon  the  approach  of  a  warm 
man,  that  a  thermometer  would  be  affe&ed  to  the  diftance  of  four  feet,  by 
the  mere  warmth  of  the  effluvia  perfpiring  from  his  body  ;  and  on  his  retiring 
again,  the  effedt  would  entirely ceafe.  If  therefore  the  neighbouring  air  and  the 
clothes  be  fuppofed  hereby  reduced  to  60  degrees,  the  body  of  the  man  will 
be  as  it  were  immerged  on  all  fides  in  that  temperature,  and  his  veffels  and 
humours  relaxed  according  to  that  degree,  and  the  cutaneous  nerves  affedled 
with  the  fenfe  of  fuch  a  heat.  Suppofe  this  body  now  expofed  to  a  wind, 
which  fcarce  moves  fix  feet  in  a  fecond  of  time ;  the  heat  then  of  the 
ambient  air  and  his  clothes  will  be  carried  off  within  this  fecond  ;  and  a 
lefler  degree  of  heat,  viz.  of  48  degrees  be  applied  on  every  fide  to  his 
body  :  thus  will  his  whole  frame  become  phyfically  12  degrees  colder  on 
the  outer  parts  ;  and  as  the  wind  is  fuppofed  ftill  the  fame,  the  body  muff 
in  a  fhort  time  fhrink  into  the  moft  fhivering  cold,  as  the  continual  applica¬ 
tion  of  cold  air,  inceffantly  carries  off  an  equal  part  of  his  vital  warmth  : 
from  all  which  the  truth  of  the  paradox  above  is  fully  fettled. 

122.  For  if,  in  lieu  of  the  human  body,  a  thermometer  be  expofed  to  this 
wind  ;  the  degree  of  heat  will  be  the  fame  in  the  liquor  of  the  thermometer, 
as  in  the  ambient  air  ;  and  hence,  whether  the  fame  quiefcent  air  remain 
contiguous  to  the  furface  of  the  thermometer,  or  whether  a  frefh  parcel  be 
perpetually  fucceeding,  the  degree  of  heat  will  be  the  fame  ;  and  confe- 
quently,  even  the  higheft  wind  will  impart  no  cold  to  the  thermometer, 
except  the  air  in  the  mean  time  acquire  fome  new  temperature  in  the  place 
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from  whence  the  wind  blows.  Hence,  fuch  as  are  converfant  in  medi¬ 
cal  matters,  will  eafily  conceive  how  it  happens,  that  the  healthieft  and 
ftrongeft  conftitutions  are  often  feized  with  the  mo  ft  fevere  difeafes,  and 
even  fudden  death  itfelf,  by  being  expofed  to  a  cold  wind,  whilft  the  body 
remains  heated  to  a  degree  of  fweating  by  vehement  motion  j  and  efpe- 
dally  if  people,  after  heating  themfelves  by  violent  motion  in  a  cold  wind, 
reft  again  too  haftily.  Hence  arife  afthma’s,  that  continue  during  their  lives, 
quincies,  pleurifes,  peripneu monies,  gouts,  and  rheumatifms  :  and  for  thofe 
of  a  weaker  and  tenderer  frame,  we  often  find  them  furprizingly  affe&ed 
by  the  leaft  wind,  even  the  gentleft  breeze  •,  and  a  window  that  is  not 
clofe,  but  lets  in  a  little  colder  air,  than  that  within  the  chambers  where 
they  live,  will  have  the  fame  efFedl ;  efpecially  if  they  have  long  accuftom’d 
themfelves  to  diredt  the  warmth  according  to  a  thermometer:  a  thing  highly 
prejudicial  to  a  found  ftate  of  health. 

123.  From  hence  it  will  now  be  eafy  to  determine  fomething  con-  The  aaior. 
cerning  the  nature  of  fire  •,  for  if  two  denfe  hard  elaftic  bodies  be  ftruck 
againft  each  other  with  great  force  and  velocity,  all  the  parts  of  fuch  bo-  '' u ' 
dies  will  every  moment  be  clofely  comprefied ;  and  being  rigid,  will  re¬ 
ad  with  equal  force.  Hence  a  quick  and  powerful  contraction  and  expan- 
fion  will  arife  in  every  part,  refembling  that  fwift  kind  of  vibration  ob- 
ferved  in  ftretched  firings :  how  great  thefe  vibrations  are,  may  be  learnt 
from  the  inftance  of  a  bell,  when  ftruck  with  a  fingle  blow,  by  which  the 
whole  bulk,  however  vaft,  will  for  a  long  time  expand,  and  contradl  itfelf 
in  infinite  ellipfes.  And  when  the  attrition  above -deferibed  is  produced, 
with  what  force  and  velocity  are  all  the  particles  of  the  rubb’d  body  com¬ 
prefied,  fhaken,  and  loofen’d  to  their  very  intimate  fubftance  ?  Hence  the 
fhrill  and  intolerable  creaking  of  rubb’d  bodies,  which  is  the  certain  fign  of 
their  utmoft  vibration.  We  are  to  fuppofe,  that  the  whole  body  thus  rubb’d,  • 
prefs’d,  and  loofen’d,  is  rapidly  moved  in  all  its  parts  ;  fince  all  firings  vi¬ 
brate  backwards  and  forwards  with  the  more  fwiftnefs,  by  how  much  they 
are  more  elaftic,  fhorter,  and  tighter  ftretch’d :  all  which  conditions  here 
concur.  This  is  fufficiently  evident  from  experiment.  Nor  is  it  lefs  clear, 
that  the  fire  lodged  in  the  pores  of  bodies,  and  which  there  exerts  a  power  of 
expanding  the  fame  in  all  their  dimenfions,  and  which  being  again  ftrongly 
reprefied  by  the  contractile  re-aCtive  power  of  the  expanded  body,  under¬ 
going  a  flrong  attrition  by  the  a&ion,  is  every  moment  violently  com¬ 
prefied  and  relaxed  again  in  all  the  pores.  Hence,  as  the  fame  fire  appears 
the  moft  powerful  of  all  elaftic  bodies,  from  the  confideration  of  its  expan- 
five  force,  its  proper  power  and  motion  feems  to  be  exceedingly  increafed  ; 
and  hence  in  bodies  under  this  attrition,  and  in  fire  equably  diftributed 
through  the  pores  thereof,  we  may  fuppofe  a  great  degree  of  motion  pro¬ 
duced,  and  long  continued  :  but  this  cannot  be  without  the  neighbouring 
and  ambient  air  being  equally  agitated  by  both  the  faid  ipieans  ;  and  this  the 
more  violently,  by  how  much  it  is  the  nearer.  Nor  can  it  be  otherwife, 
fince  it  is  evident  that  fire  is  equably  diftributed,  and  perhaps  a<5ls  equa¬ 
bly  in  all  quiefeent  bodies  *,  and  in  fpaces  incapable  of  all  motion  and  mu¬ 
tation  ;  confequently  the  adjacent  air  mull  every  where  follow  the  flrokes 
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of  the  fire,  intercepted  in  the  pores  of  the  bodies  rubbed,  and  therefore  mull 
alfo  be  reciprocally  driven  this  way  ;  and  that  this  vibration  of  the  fire  mull 
alfo  continue  as  long  as  the  vibration  of  the  bodies  produced  by  their  attri¬ 
tion,  or  thofe  reciprocal  agitations  of  the  fire  be  reduced  to  reft,  or  to  a  mo¬ 
tion  equal  to  that  of  the  other  fire  in  the  neighbouring  fpaces  and  bodies. 
But  fince  by  the  motive  caufes  of  the  rubb’d  bodies,  a  new  motion  is  added 
to  the  fire,  befides  that  common  one  which  it  had  before,  the  power  of 
the  fire  muft  hereby  be  increafed,  which,  as  it  tends  to  expand  bodies,  will 
prefently  difcover  itfelf  by  this  fign  ;  and  hence  the  power  of  fire  may  be* 
underftood,  as  excited  by  fridion  •,  and  thus  at  the  fame  time  we  fee  the 
reafon  of  feveral  phenomena.  As, 

124.  ( 1 )  Why  only  elaftic  bodies  chiefly  generate  fire  by  fridion  ?  becaufe 
thefe  alone  vibrate  in  their  elements.  (2)  Why  the  moft  elaftic  bodies  ge¬ 
nerate  the  moft  fire,  as  a  hard  flint  ftruck  brilkly  againft  fteel  ?  becaufe  the 
quickeft  and  greateft  vibrations  arife  herefrom.  (3)  Why  the  fofter  and; 
unelaftic  bodies  generate  lefs  fire  ?.  becaufe  they  do  not  rebound,  nor  return, 
and  reftore  themfelves.  (4)  Why,  notwithftanding,  the  attrition  of  lead 
upon  lead  begets  a  vehement  heat?  becaufe  the  laft  elements  of  bodies  are 
expanfive  and  contradile  both  of  their  own  nature,  and  by  reafon  of  the 
fire  ;  though  the  larger  bodies  compounded  of  thefe  elements  cohere 
together  in  a  manner  which  makes  them  refill  lefs,.  and  eafily  give  way:: 
whence  it  appears,  that  there  is  one  kind  of  elafticity  of  the  elements,  which 
is  common  to  all  bodies,  and  capable  of  being  changed  by  heat  and  cold  y 
and  another  fpecies,  which  refills  a  ftroke,  and  reftores  itfelf  to  the  figure 
it  had  before  the  fame.  (5)  Whether  fluids  do  not  alfo  generate  heat  by 
attrition?  If  elaftic  they  readily  will  5  if  unelaftic,  with  difficulty:  thus 
water  is  very  difficult  to  heat  by  fridion  ;  yet  if  unelaftic  fluids  be  driven 
with  a  vehement  force  through  very  narrow  channels,  they  will  conceive  heat 
by  the  attrition,  becaufe  the  laft  elements  of  this  fluid  feem  in  fome  meafure 
elaftic.  But  if  the  tubes  be  elaftic,  through  which  the  fluid  is  driven,  a 
greater  heat  may  be  generated :  and  hence  our  blood,  being  elaftic,  and  im¬ 
pelled  violently  through  elaftic  arteries,  becomes  warm  in  a  ftate  of  health. 
But  the  more  the  conftitution  of  the  blood  tends  to  that  of  water,  which  is 
unelaftic,  fo  much  the  lefs  heat  is  produced  in  the  body  :  and  the  like  may 
be  obferved,in  proportion,  as- the  elafticity  of  the  arteries  themfelves  grows 
lefs  and  lefs.  (6)  Why  the  interpofition  of  a  fluid  between  two  bodies 
in  fridion  impedes,  or  leflens  the  degree  of  heat?  becaufe  the  imprefs’d 
motions  are  eluded  by  the  perpetual  flipping  backwards  and  forwards  of 
the  fluid.  (7)  Whether  the  elaftic  properties  of  bodies  contribute  much  to 
increafe  the  adion  of  fire  thereon  ?  which  it  does  in  a  great  degree, .  as  we 
have  juft  ihewn.  (8 )  If  the  tendency  of  gravity  did  not  determine  bodies 
to  one  another,  what  would  become  of  fire  ?  Its  effeds,  .  in  that  cafe,  would 
be  fcarce  perceivable ; .  as  appears-  from  what  has  been  obferved  of  deep 
mines,  and  the  tops  of  the  higheft  mountains;  ( 9)  What  then  muft  we 
fay  of  the  deepeft  wells,  where  the  air  is  eternally  at  reft  ?  there  will  always 
remain  an  equal  degree  of  heat  and  cold,  ,  which  will  be  peculiar  to  peculiar 
depths,  fuitable  to  the  temperature  of  that  m  the  country  adjoining  ;  as  has 

been* 
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been  fhewn  by  Tome  elegant  experiments  made  in  the  well  of  the  royal  ob- 
fervatory  at  Paris.  (10)  Why  the  ftriking  of  flint  againft  fteel  affords  the 
largeft  and  brighteft  fparks  in  the  coldeft  weather?  Bat  there  would  be  no 
end,  were  I  to  rehearfe  all  the  new  confiderations  which  offer  themfelves  on 
this  head.  Gravity,  elafticity,  and  fire  feem  the  three  capital,  and  moil 
univerfal  caufes  of  corporeal  actions ;  to  which,  when  attrition  is  fuperadded, 
a  multitude  of  phaenomena  common  to  them  all  may  be  accounted  for. 

125.  (5)  Hence  alfo  we  may  infer,  that  to  produce  the  greateft  degree  The  maxi- 
of  fire,  we  muff  fuppofe  the  heavieft,  and  at  the  fame  time  the  moft  elaftic  mum  Wmi- 
of  all  bodies,  placed  in  the  deepeft  parts  of  the  earth,  and  ftrongly  com-  nimum2fr?n’* 
prefs’d  by  others  laid  on  them,  and  laftly,  agitated  on  each  other  with  the 
fwifteft  motion,  that  can  be  conceived.  Hence  alfo  it  is  highly  probable, 
that  in  receding  from  the  centre  of  the  earth,  the  intenfe  heat  thereof  con¬ 
tinually  decreafes,  and  becomes  leaf:  in  the  middle  term  or  fpace  between 
two  planets :  fuppofing  our  earth  and  moon  of  the  fame  nature,  in  the  cen¬ 
tre  of  each  of  them  muff  be  the  intenfeft  heat  *,  which  will  fenfibly  decreafe 
till  it  arrives  at  that  place  between  the  two  fpheroidal  orbs,  where  the 
power  of  each  terminates  ( m ).  Hence  it  appears  impoffible  for  birds  to  fly  why  birds 
from  the  earth  to  the  moon,  or  from  the  moon  to  us  ;  as  fome  philofophers  cannot  fly  high 
have  imagin’d  ;  neither  could  they  fubfifl:  in  the  abyfs :  and  what  we  have  faid  atm*' 

concerning  the  fun  and  moon  will  equally  hold  true  of  the  other  planets.  M3'rts 
Hence  alfo  it  appears  probable,  that  heavy  bodies  are  only  found  about  the 
planets,  and  perhaps  about  the  fun  or  fixed  ftars  ;  from  whence  they  fenii- 
bly  grow  lighter  and  rarer,  till  at  length  they  perhaps  grow  void  of  all  re- 
fiftance  :  and  yet  fire  muff  be  there  found  in  equal  quantity ;  confequently  fire 
may  probably  not  be  heavy,  but  indeterminate  to  all  places ;  probably  it  may 
have  no  power  of  itfelf,  except  of  equally  expanding  itfelf  every  way,  with¬ 
out  any  particular  determination  to  one  point  more  than  another :  and  hence 
in  thofe  very  high  places,  the  a&ion  of  fire  may  amount  to  nothing  ;  on  ac- 

K  k  2  count 


(tn)  Morinus,  a  Trench  author,  who  had  the 
curiofity  to  defcend  himfelf  into  the  mines  of 
Hungary ,  fome  of  which  are  3  or  400  fathom 
deep,  relates,  that  after  he  had  defcended  a- 
bout  too  fathom,  he  came  into  a  very  warm 
region  of  the  earth,  which  lafted  to  the  bot¬ 
tom  of  the  mine  ;  being  fo  hot,  both  in  win¬ 
ter  and  fummer,  that  the  labourers  ufually 
work  without  their  clothes :  he  adds,  that  he 
himfelf  was  fcarce  able  to  bear  the  heat.  He 
wa-s  further  told  by  the  overfeers,  that  ’twas 
univerfal,  the  lower  they  defcend  beyond 
100  fathom,  the  hotter  it  is  ftill  growing. 

Mr.  Boyle ,  however,  having  been  to  the 
bottom  of  fome  mines  himfelf,  fufpe&s;  that 
this  degree  of  heat,  obferved  in  the  Hungarian 
mines,  might  in  great  part  proceed  from  the 
peculiar  nature  of  the  place,  or  of  the  mine¬ 
rals  generated  there ;  and  not  wholly  from 
their  depth.  Very  credible  eye-witneifes  have 
afiured  him,  that  in  fome  parts  of'  England, 


they  dig  up  large  quantities  of  a  kind  of  mi¬ 
neral,  fuppofed  to  be  vitriolic,  which,  by  the 
bare  addition  of  common  water,  will  grow  fo 
hot  as  almoft  to  take  fire :  fo  that  the  Hun¬ 
garian  mines  being  deep,  and  not  deflitute  of 
water,  it  may  be  fufpe&ed,  that  either  this 
fluid,  or  fome  peculiar  mineral  fpirit,  or  juice, 
may  with  the  mineral  produce  a  warm  fleam, 
which  for  want  of  fufficient  vent,  in  thofe  clofc 
places,  yields  a  confiderable  heat  *. 

“  It  cannot  be  reafonably  pretended,  that 
“  the  fubterraneal  heat  proceeds  from  the  rays 
“  of  the  fun  ;  fince  they  heat  not  the  earth 
“  above  fix  or  feven  feet  deep,  even  in  the 
“  fouthern  countries.  And  if  the  lower  part 
“  of  the  earth  were,  of  its  own  nature,  cold, 
“  and  received  the  heat  it  affords,  only  from 
“  the  fun  and  flars  ;  the  deeper  men  defcend 
“  therein,  the  lefs  degree  of  heat  and  fleams 
“  they  would  meet  with  f.” 


*  Boyle  Ah r.  Vol.  III.  p.  232. 
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Other  circum- 
Jiances  that 
increafe  heat 


count  that  denfe  elaftic  moving  bodies,  rubbing  againft  each  other,  are  there 
wanting.  May  not  the  comets  probably  take  their  courfes  thro’  thofe  fpaces 
between  the  planets  and  ftars,  where  there  are  the  leaft  obftacles,  and  con- 
fequently  the  eafleft  pafTages  •,  the  motions  and  orbits  of  thefe  wonderful  bo-r 
dies  being  not  yet  accurately  afcertain’d  ? 

125.  (6)  It  alfo  appears,  that  thofe  bodies  which  having  fuch  large  pores, 
as  that  air,  water,  fpirits,  and  oils,  may  have  eafy  entrance  into,  and  paf- 
‘hyattriTm.  &ge  ^rom  the01?  are  the  leaft  difpofed  for  generating  heat  by  attrition  ;  but 
that  thofe  whofe  corporeal  fubftance  is  fo  clofely  condenfed,  as  that  their 
pores  are  too  fmall  to  admit  any  thing  except  pure  fimple  fire,  will,  when 
rubbed  againft  each  other,  excite  a  brifk  motion  in  the  fire  therein  contain’d. 
If  then  it  be  confider’d,  that  the  furfaces  of  two  bodies  may  fo  exactly 
correfpond  to  each  other,  that,  when  fitted  together,  and  thus  moved, 
nothing  can  infinuate  between  them  but  pure  fire ;  if  thefe  be  rapidly 
turn’d  on  each  other,  while  in  fuch  ftate,  the  fire  alone  between  them 
becomes  agitated ;  and  a  fervent  motion  is  thus  produced.  Again,  if  the 
bodies  be  moved  on  each  other  fo  fwiftly,  as  that  neither  the  air,  nor  any 
other  bodies  can  follow  with  equal  celerity,  excepting  the  fire  alone  con¬ 
tain’d  in  them  ;  ’tis  probable  that  this  fire  will  rufh  fo  fwiftly  into  the  void 
places,  and  thofe  already  poflefs’d  reciprocally,  as  that  by  this  means 
more  fire  will  be  collected  about  the  places  adjoining  to  the  furface  of  the 
'  bodies  rubb’d  than  was  before ;  which  may  be  another  caufe  why  heat 
is  raifed  by  attrition.  Laftly,  if  the  particles  of  any  hard  body  be  connedted 
clofely  together,  and  at  the  fame  time  its  fibres  and  laminae  be  fo  difpofed, 
as  to  be  very  fhort  and  tremulous  ;  they  will,  by  their  vibration,  agitate  the 
fire  very  fwiftly  and  ftrongly,  fo  as  by  their  vehement  attrition  to  raife  a  con- 
fiderable  heat  in  a  fhort  time  :  in  effedt,  a  great  motion  is  excited  in  fire  by 
all  thefe  means.. 

Why  lodies  of  1 26.  (7)  It  remains  to  be  ftri&ly  enquired,  whether  there  be  any  power 
different  den-  in  bodies  themfelves,  whereby  fire  is  attracted  to  them  in  fuch  manner,  as 
an^  ^iat  ^e  more  folidity  the  bodies  have,  the  more  fire  they  imbibe.  This  is 
never  found  to  obtain  in  quiefcent  bodies  ;  but  it  uniformly  appears  by  all 
experiments,  that  there  is  neither  more  nor  lei’s  heat  or  fire  in  a  Torricellian 
vacuum  than  in  gold,  when  both  of  them  are  left  at  reft  under  the  fame 
temperature  of  the  air.  But  whether  the  folid  matter  of  bodies  acquires,  by 
the  attrition  fo  often  mention’d,  any  power  like  to  magnetifm,  whereby 
they  may  attradl  fire,  and  when  brought  in  coiitadt,  retain  it  a  long  time, 
is  another  queftion,  which  I  have  much  confidered  ;  and  find  that  a  body 
conceives  heat  from  the  fame  fire,  fo  much  the  fooner  by  how  much  it  is 
the  rarer  •,  but,  when  once  heated,  cools  again  fo  much  the  flower,  by  how1 
much  it  is  d.enfer  ;  and  the  more  fpeedily,  the  rarer  it  is :  from  whence 
we  may  infer,  that  there  is  fomething  in  folid  matter  much  like  to  attrac¬ 
tion  ;  and  particularly  fince  this  law  obtains  equally  in  elaftic,  as  in  the  un- 
elaftic  bodies  (»).  The  fire  is  very  vehement  in  the  focus  of  a  burning-glafs, 

yet 

(»)  “  Sir  Ifaac  Newton  jfhevvs,  from  a  great  “dies  a£t  on  light,  at  a  diftance;  and  by 
-variety  of  particular  experiments,  that  bo-  “  their  aCtion  infled and  bend  its  rays;  whicli;. 

“  action*. 


cool  diffe¬ 
rently . 
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yet  if  the  glafs  be  covered  with  a  ftiade  towards  the  fun’s  rays,  the  heat  im¬ 
mediately  ceafes  in  that  place  of  the  air,  where  a  moment  before  it  was  fo 
great:  but  if  a  metal  had  been  there  heated  with  the  fame  fire,  it  would 
have  retain’d  its  heat  a  long  time.  If  one  veffel  full  of  air,  and  another  of 
water,  be  expofed  to  the  fame  heat,  the  warm  air  in  the  one  will  perhaps 
be  a  thoufand  times  rarer  than  the  warm  water  in  the  other ;  but  the  water 
as  it  acquires  heat  more  flowly,  retains  it  the  longer;  fo  that  the  air  will 
perhaps  be  cool  again  in  a  thoufandth  part  of  the  time.  From  the  whole 
we  can  only  conclude,  that  fire  enters  and  paffes  out  of  bodies  v/ith  the  more 
difficulty,  as  the  bodies  expofed  to  it  are  denfer  ;  nor  does  it  clearly  follow, 
that  there  is  any  thing  more  in  the  matter,  though  if  we  might  be  allowed 
to  form  a  conjetfture,  5tis  not  improbable,  but  that  fire,  in  entering  denfe 
bodies,  fhakes  the  particles  thereof,  and  thus  caufes  vibrations,  which  will 
be  greater  according  to  the  degree  of  expanfion,  and  more  durable  accor¬ 
ding  to  the  denfity ;  which  alfo,  fo  long  as  they  continue,  will  agitate  the 
contained  fire,  in  the  fame  manner  as  attrition  has  before  been  obferved  to 

do  in  elaftic  bodies. - Upon  the  whole,  therefore,  we  difcover  nothing 

like  the  magnetic  power  above  hinted. 

127.  It  is  to  be  remember’d,  that  by  the  doblrine  of  the  firft  experiment  Heat  from 
it  appeared,  that  the  hardeft  and  moft  folid  bodies,  when  penetrated  by  the  tenuJJlon'‘ 
ffnalleft  fire,  are  continually  fhaken  and  kept  in  motion  through  all  the  par¬ 
ticles  of  their  whole  mafs  ;  and  confequently  the  fame,  when  heated  after 

a  like  manner  by  attrition,  will  be  moved  and  agitated  after  the  fame 
manner.  ;  N 

128.  By  fuch  means  the  particles  being  all,  at  the  fame  time,  put  into  a 
tremulous  motion,  may  be  fuppofed  to  rub  mutually  againft  each  other,  and 
thus  be  moved  after  the  fame  manner  as  if  rubbed  from  withoutfide  ;  con¬ 
fequently  they  will  alfo  move  the  fire  contained  in  the  body,  and  attrabl,. 
collect,  and  retain  it  a  long  time  in  the  folid  matter  of  the  body  ;  by.  which 
means  the  filaments  of  the  body  will  be  again  adted  on,  and  rubbed  in  their 
turn  by  the  fire :  on  which  account  alfo,  the  fire  once  conceived,  will  be 
continued  a  confiderable  time. 

129.  The  great  Mr.  Boyle  long  ago  fhe wed  by  experiment,  that  a  folid 
piece  of  cold  iron  laid  on  a  cold  anvil,  and  plied  thick  with  fhokes  of  the 
hammer,  would  by.  the  compreffion  thereof,  and  the  elaftic  power  of  the 
metal,  grow  hot,  fo  as  to  kindle  fulphur  caft  on  it :  and  again,  that  an  iron' 
nail,  when  driven  up  to  the  head  in  hard  wood  with  a  cold  hammer, 
when  it  can  no  longer  penetrate  further,  immediately  grows  hot,  though  the 

hammer 

**  aftion,  ceteris  paribus ,  is  ftrongeft  at  the  “  As  attraction  is  ftronger  in  fmall  mag- 
“  leaft  dillance.  He  adds,  that  in  paffing  “  nets  than  great  ones,  in  proportion  to  their 
“  by  the  edges  and  Tides  of  bodies,  the  rays  “  bulk ;  and  gravity  is  greater,  on  the  fur- 
“  bend  feveral  times  backwards  and  forwards  “  faces  of  fmall  planets  than  on  thofe  of  great 
“  with  a  motion  like  that  of  an  eel  :  and  “  ones  ;  and  fmall  bodies  are  agitated  more 
4‘  that  the  rays  which  are  either  refra&ed  “  by  eleftric  attraction  than  great  ones :  So  * 

“  or  reflected,  begin  to  be  bent  before  they  “  the  fmallnefs  of  the  rays  of  light  may  con- 
“  arrive  at  the  reflecting  or  refracting  bo-  “  tribute  much  to  the  force  of  the  agent  where-. - 
dies  *.  “  by  they  are  inflefted,  & c 

Id.  ibid . 
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hammer  itfelf  continues  cold.  The  fame  gentleman  alfo  ftiew’d,  that  Iron 
will  grow  hot  in  filing,  though  the  file  itfelf  remain  cold  ( o ). 

130.  (9)  The  ninth  thing  we  gather  from  the  preceding  obfervation  is, 
that  a  great  heat  may  be  produced  where  we  are  fure  nothing  elfe  has  hap¬ 
pen’d  ;  but  that  a  piece  of  elaftic  iron,  being  only  comprefs’d  between  irons 
alfo  elaftic,  and  reftoring  itfelf  every  moment  in  the  intervals  between  the 
ft rokes  of  the  hammer,  yet  a  fufficient  heat  is  collected  thereby  to  raife  a 
flame  in  fulphur,  when  fprinkled  on  it. 

13 1.  (10)  We  may  fuppole,  that  fuch  elaftic  body,  after  it  has  once 
been  heated  by  this  action,  will  long  retain  fuch  excurfions  and  incurfions  in 
its  comprefied  and  rebounding  parts  ;  and  thus  alfo  continue  the  motion*  of 
fire,  after  the  fame  manner  as  a  cord,  when  ftruck,  will  continue  its  tre* 
mors,  or  a  bell  its  fonorous  undulations  a  long  time. 

132.  (1 1)  A  matter  of  great  moment  remains  to  be  inquired,  viz.  whether 
the  fire  excited  here  by  attrition  and  percuflion,  be  really  generated  by  fuch 
vibration  of  parts,  or  exifted  before :  alfo  whether  the  vibrated  parts  them- 
felves  do  by  the  agitation  fo  attenuate  their  bulk,  as  that  flying  off,  they 
turn  into  fire  itfelf ;  and  thus  other  bodies,  not  igneous,  by  attrition,  per- 
cuflion,  and  vibration,  commence  true  fire  *,  fo  as  fire  may  be  made  out  of 
what  was  not  fire  before.  This  to  me  appears  impoflible ;  for  I  have  {hewn 
that  fire  exifts  every  where.;  that  it  is  equally  diffufed  in  all  places  *,  and  have 
alfo  proved,  that  it  may  be  produced  in  more  or  lefs  quantity  by  any  attri¬ 
tion  of  any  body  •,  and  it  appears  that  fire,  however  produced,  is  always 
the  fame,  and  retains  the  properties  peculiar  to  fire  alone  :  from  whence  it 
is  by  no  means  conceivable,  that  fuch  fire  Ihould  be  continually  generated, 
and  when  generated  remain  ftill  the  fame,  and  in  the  fame  quantity  ;  but 
that  in  all  thofe  operations  the  fire  is  fo  alter’d  and  affedted  by  motion,  reft, 
colledtion,  difperfion,  and  diverfity  of  dkedtion,  as  that  it  fometimes  ap¬ 
pears,  and  again  difappears  to  our  fenfes. 

1 33 .  Upon  a  mature  confederation  of  the  feveral  matters  hitherto  alledged 
concerning  the  criterion  of  fire,  and  its  produdtion,  I  am  fully  confirmed 
in  this  opinion  of  its  origin.  *Tis  eafy  to  conceive,  that  fire  may  be  moved 
by  the  attrition  and  percuflion  of  a  hard  elaftic  body,  as  alfo,  that  by  fuch 
motion,  it  may  at  the  fame  time  move  others  ;  and  it  is  eafy  to  conceive 
the  motions  of  a  folid  body  fo  quick,  as  that  nothing  but  fire  can  keep  pace 
with  them ;  which  by  fuch  means  will  be  collected  about  it ;  and  that  in 
what  manner  foever  fire  is  produced  in  one  place,  juft  fo  much  is  loft  from 
the  adjoining  ones.  And  this  migration  of  fire  is  as  readily  conceived,  as 
that  of  any  other  fluid ;  but  as  foon  as  it  is  collected  out  of  a  larger  fpace 
into  a  lefler  one,  it  muft  make  its  appearance  to  our  fenfes  as  if  but  juft 
generated,  by  reafon  of  its  quantity  and  effe<5ts. 

1 34.  (12)  Laftly,  let  me  rehearfe  fome  of  the  things  above  laid  down ;  viz. 
That  in  all  parts  of  the  world,  even  where  the  greateft  cold  prevails,  which 
nature  or  art  can  produce,  there  is  fire  prefent  in  great  quantity  ;  fince  by 
attrition  and  percuflion,  we  can  immediately  excite  an  intenfe  fire,  as  appears 
by  the  collifion  of  flint  and  fteel,  and  the  application  of  a  thermometer  to 

all 
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all  places  and  bodies  under  the  fame  temperature:  from  all  which  1  flatter 
my felf  I  have  explain'd,  by  experiments,  and  their  corollaries,  the  firft  phy- 
fical  manner  wherein  we  may  always  and  every  where  certainly  produce  that 
which  penetrates  all  things,  and  expands  or  rarifies  all  things,  except  fpace 
alone  ;  and  that  this  is  what  we  call  fire  :  having  therefore  difcover’d  fome- 
thing  concerning  its  hidden  nature,  we  are  fufficiently  encouraged  to  go  on 
with  our  inquiries. 

EXPERIMENT'  XT. 

135.  The  fire  above  explain'd,  and  diftinguifhed  by  its  power  of  rarifying  recefp.ait 
all  bodies,  of  moving  all  bodies,  and  penetrating  all  bodies,  if  it  be  col-  °f  firefPont<*- 
ledled  in  any  fpace  or  body,  fo  as  to  be  perceivable  by  our  fenfes,  removes 

itfelf  out  of  the  fame  by  its  own  power,  and  expands  every  way  from  the 
centre  of  its  fpace  or  body. 

136.  To  conceive  the  meaning,  and  at  the  fame  time  the  proof  of  this 
proportion,  immerge  a  leaden  ball  in  boiling  water,  till  it  have  acquired 
the  fame  degree  of  heat  with  the  water  ;  then  draw  it  out  by  a  thread  fatten'd 
to  it,  and  we  fhall  find  it  diffufe  an  equal  heat  from  every  point  of  it,  both 
by  the  judgment  of  our  fenfe,  and  the  thermometer,  which  placed  at  equal 
diftances  from  all  parts  of  it  will  be  moved  equally  :  a  certain  indication  of 
the  equable  diffufion  of  the  heat  or  fire.  Thus  a  piece  of  ignited  iron  , 
fhines  equally,  and  exhibits  its  fiery  colour  on  every  fide,  at  the  fame  time 
heating  us  equably,  at  equal  diftances  from  every  part:  add,  that  all  its 
other  effe&s  of  fufion,  exficcation,  and  burning,  are  alike  produced  on  every 
quarter.  .But  what  fhews  this  ftill  more  inconteftably,  is,  that  a  thermo¬ 
meter,  when  immerged  in  any  fluid,  immediately,  and  equally  on  every 
fide,  accommodates  itfelf  to  the  temperature  of  the  fluid,  by  either  rarifying 
or  contracting  its  fubftance.  And  this  holds  in  all  inftances  without  ex¬ 
ception. 

C  O  R  Q  L  L  A  R  Y  I. 

137.  It  appears,  therefore,  a  property  belonging  to  Are,  that  its  parts  en-  Tie  proper  co- 
deavour  equably  to  diffufe  themfeives  ;  that  is,  by  moving  every  way,  and  natus 
confequently  tend  neither  more  or  lefs  to  one  point  than  another.  This, 

it  mutt  be  own’d,  looks  fomewhat  extraordinary,  and  fcarcely  intelligible, 
as  differing  very  little  from  the  idea  which  we  have  of  reft.  To  conceive  it 
the  better,  fuppofe  a  hollow  fphere  abfolutely  empty,  and  in  its  centre  an¬ 
other  fpherule  an  hundred  times  lefs,  the  feveral  parts  whereof  have  a  power, 
by  equally  receding  from  each  other,  to  fill  a  greater  fphere  exa<5tly  ;  here 
then  will  be  a  true  motion  of  all  the  parts,  and  yet  the  whole  bulk  thus 

moved,  be  indifferent  to  all  fides. - From  the  preceding  experiment  it 

appears,  that  the  fire  contained  in  our  common  air,  will  be  continually  e%" 
panding  and  comprefling  on  this  account,  if  there  were  no  other. 

COROLLARY  II. 

138.  The  ftate  of  fire,  defined  by  the  preceding  corollary,  may  be  called  The  quantity 
its  ftagnation  •,  the  powers  of  ftagnating  fire  then  will  be  as  the  fpaces  where-  and  force  of 
in  it  is  contained;  confequently  the  communication  of  powers  will  be  to  ^re  fom?ute  ’ 

each  - 
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each  other  as  the  fpaces.  Suppofe  a  fphere  A,  full  of  air  hotter  than  the 
other  ambient  air  contain’d  in  a  larger  concentric  fphere  B,  the  quantity  of 
fire,  and  the  power  arifing  herefrom,  on  each  part  of  the  circumfcribed 
fphere,  will  be  as  the  fpace  of  the  circumfcribing  part  to  the  place  circum* 
feribed,  which  a  geometrician  will  eafily  calculate.:  fo  that  as  to  this  pro¬ 
perty  of  fire  the  cafe  is  manifeft. 

COROLLARY  III. 

139.  To  make  this  plainer  ;  fuppofe  a  geometrical  fphere  A,  full  of  fire, 
and  in  contact  with  another  equal  one  B,  fuppofe  the  centre  of  the  firft 
to  be  C,  from  which  draw  a  tangent  to  the  other  fphere  CD  and  CE, 
Stis  evident  that  the  fire  from  the  fphere  A  can  only  come  to  the  fphere  B, 
from  the  fedor  AFG,  whofe  proportion  to  the  whole  fphere  A  may  be 
found,  as  alfo  the  magnitude  of  the  cone  CDE,  and  of  the  fpherical  feg- 
ment  DIE  ;  which  will  give  us  the  quantity  of  fire  communicated  to  this 
fegment. 

140.  The  geometricians  will  eafily  demonflrate  this  from  their  principles ; 
it  will  fuffice  us  to  have  Indicated  the  thing. 

COROLLARY  IV. 

141.  Thus  much  being  underftood,  fuppofe  fome  phyfical  caufe  proper 
to  direct  all  the  fire  exifting  in  fuch  fphere  in  parallel  lines,  towards  fome 
one  quarter  ;  it  will  follow  that  its  whole  power  will  go  in  that  direction, 
viz.  in  this  proportion,  that  palling  thro*  the  cylinder  EFGI,  it  be  wholly 
fpent  upon  the  fphere  KGIB,  and  thus  impart  its  whole  power  to  the  fame; 
fo  that  the  effed  of  the  fire  thus  direded,  in  refped  of  the  former,  will  be  as 
the  whole  to  a  part ;  and  as  a  parallel  diredion  to  a  diverging  one  ;  and  con- 
fequently,  by  a  combination  of  caufes,  will  produce  a  much  greater  effort  than 
the  former.  But  fire  increafed  in  a  duplicate  ratio  immediately  conceives  an 
incredible  acceffion  of  force  •,  for  32  degrees  makes  water  freeze,  whereas 
twice  that  quantity,  viz.  64  degrees,  renders  the  air  to  us  hot,  and  thrice 
the  quantity,  or  96  degrees,  exceeding  the  heat  of  the  human  blood  in  a 
healthy  perfon,  becomes  mortal  to  moft,  if  not  all  animals ;  and  fix  times 
the  quantity,  or  216  degrees,  furpafies  the  heat  of  boiling  water,  which  dif- 
folves  and  deftroys  the  folid  parts  of  all  animals  whatfoever.  Since  then 
the  area  of  a  great  circle  of  this  fphere,  is  to  the  whole  furface  of  it,  as  1 
to  3,  the  fire  will  be  three  times  more  compad  at  the  bafe  of  the  fame  cy¬ 
linder,  than  it  was  before  at  the  furface  of  the  fphere ;  and  confequently  its 
power  will  be  increafed  fuitably.  If  then  it  were  exadly  known  how  much  the 
expanfive  force  of  fire  is  increafed,  proportionably  to  the  lefter  fpaces  into 
which  it  is  condenfed,  the  reft  might  be  'computed  ;  fince  if  thefe  were  as 
the  area,  the  force  would  be  triple,  on  account  of  the  quantity,  and  triple 
again,  on  account  of  the  expanfion ;  and  confequently  from  both  together 
nine  times  greater  than  before.  It  may  be  worth  while,  therefore,  to  try 
by  experiments,  whether  the  expanfive  power  of  fire,  with  regard  to  its 
denfity,  may  not  be  determined.  This  is  apparently  very  great;  and  con¬ 
fequently  fuch  diredion  of  fire  into  a  parallelilm  will  be  of  great  efficacy. 

E  X  P  E- 
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EXPERIMENT  XII. 


140.  If  we  look  around,  and  confider  the  bodies  which  feem  capable  of  The  fun  deter- 
directing  the  fire  in  our  air  into  fuch  a  parallelifm,  it  manifeftly  appears,  that  mines  -f,re..rt0 
the  fun  pofiefies  fuch  power,  to. a  degree  beyond  all  others  (p).  For  that  vaft  aPa}a  u  b>n' 
globe,  which  aftronomers  make  13431  times  bigger  than  our  earth,  and 
almoft  12543  diameters  of  the  earth  diftant  from  us,  as  it  undeniably  diffufes 
light  and  heat  to  us  in  right  lines,  considering  the  immenfe  diftance  it  is  at, 
a£ts  among  us 'as  if  in  parallel  lines.  We  need  not  produce  considerations 
from  optics,  catoptrics,  or  dioptrics,  to  Shew  that  the  rays  of  light  emitted 
by  the  fun  always  pafs  in  right  lines  ;  and  that  when  inflected  after  the  point 
had  diverted  them,  they  again  proceed  in  right  lines  as  before.  But  one 
experiment  occurs,  which  feems  evidently  to  Shew,  that  all  the  rays  emitted 
or  determined  by  the  fun,  always  afFetft  to  proceed  in  right  lines.  If  a  per- 

fon. 


(j>)  “  The  fan,  according  to  that  excellent 
“  chemift,  the  younger  Letnery,  feems  to  be 
“  no  other  than  a  huge  mafs,  or  collection  of 
“  the  matter  of  fire,  or  light ;  though  placed 
“  at  fuch  a  diftance,  as  to  difable  it  to  aft  on 
“  bodies  here  on  earth,  otherwife  than  by  one 
“  of  thefe  two  ways ;  viz.  firft,  by  emanations 
“  or  emifiions  of  his  own  fubftar.ee,  tranfmitted 
“  hither  :  but  this  hypothefis  being  fubjeft 
“  to  great  difhculties,  and  not  fufficiently  an- 
“  fwering  to  certain  phenomena,  recourfe 
“  is  had  to  another  ;  which  fuppofes  trains 
“  of  fire,  or  light,  difpoled  in  all  the  in- 
<{  terftices  of  the  grand  expanfe  of  air  and 
“  aether  between  the  fun  and  us ;  and  that 
“  thefe  trains  are  made  to  aft  on  terreftrial 
“  bodies,  by  their  being  vigorously  driven, 
“  or  impell’d  towards  fuch  bodies,  by  the 
“  immediate  aftion  of  the  fun  thereon.  Thefe 
trains  in  effeft  may  be  efteem’d  as  a  fort  of 
“  little  funs  prolonged,  but  always  depending 
“  on  the  great  fun,  as  the  fource  of  their  mo- 
“  tion,  and  aftion  on  bodies :  ’tis  thefe  that 
“  form  the  rays  of  light ;  they  do  not,  in 
“  point  of  matter,  differ  from  the  fubftance 
“  of  the  fun  himfelf;  but  only  in  this,  that 
“  the  fame  thing  is  more  copious,  in  one  cafe 
“  than  the  other.  In  the  fun  we  may  fuppofe 
“  the  matter  of  light  more  abundant  than  in 
“  the  focus  of  our  largeft  burning-glaffes  : 
“  Thus,  from  the  vehement  aftion  of  the 
“  rays  of  the  fun,  collefted  in  fuch  glafs,  vve. 
“  learn  what  ufe  the  air  interpofed  between 
“  the  rays  of  light  is  of,  in  tempering  their 
“  aftion,  and  rendering  it  more  fupportable  ; 
“  fince,  without  fuch  medium,  inftead  of  warm- 


“  ing,  and  illumining,  it  would  blind  and 
“  burn  us.  So  that  the  air  may  be  confider’d 
“  as  having  fomewhat  of  the"  fame  effeft,  with 
“  refpeft  to  the  rays  of  light  falling  upon  us, 
“  that  the  water  in  a  balneum  marine  has  *. 

“  The  fun  and  ftars,  according  to  Sir  If. 
“  Newton' s  conjefture,  are  no  other  than 
“  great  earths,  vehemently  heated  :  for  large 
“  bodies,  he  obferves,  preferve  their  heat  the 
“  longeft,  their  parts  heating  one  another ; 
“  and  why  may  not  great,  denfe,  and  fixed 
“  bodies,  when  heated  beyond  a  certain  de- 
“  gree,  emit  light  fo  copioufly,  as  by  the  e- 
“  million  and  re-aftion  thereof,  and  the  re- 
“  flexions  and  refraftions  of  the  rays  within 
“  the  pores,  to  grow  ftill  hotter,  till  they  ar- 
“  rive  at  fuch  a  period  of  heat  as  is  that  of 
“  the  fun  ?  Their  parts  may  be  further  pre- 
“  ferved  from  fuming  away,  net  only  by  their 
“  fixity,  but  by  the  vaft  weight  and  denfity 
“  of  the  atmofpheres  incumbent  on  them, 
“  and  ftrongly  comprefiing  them,  and  con- 
“  denfing  the  vapours  and  exhalations  arifing 
“  from  them.  1  hus,  we  fee  that  warm  water, 
“  in  an  exhaufted  receiver,  fhall  boil  as  ve- 
“  hemently  as  the  hotteft  water,  open  to  the 
u  air ;  the  weight  of  the  incumbent  atmo- 
“  fphere,  in  this  latter  cafe,  keeping  down 
“  the  vapours,  and  hindering  the  ebullition, 
“  till  it  has  conceived  its  utmoft  degree  of 
“  heat.  So  alfo  a  mixture  of  tin  and  lead, 
“  put  on  a  red-hot  iron  in  vacuo,  emits  a 
“  fume  and  flame  :  but  the  fame  mixture  in 
“  the  open  air,  by  reafon  of  the  incumbent 
“  atmofphere,  does  not  emit  the  leaft  ienfible 
“  flame 


*  Mem.  de  l' Acad.  an.  1713. 
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Ton,  about  twelve  o’clock  at  night,  in  the  middle  of  winter,  at  the  time  of 
new  moon,  in  a  very  cold  feafon,  and  a  clear  fky,  look  towards  the  heavens, 
he  would  fee  nothing  bright  in  that  vaft  expanfe  except  the  lefter  {tars  •,  the 
fun  {hewing  nothing  of  his  heat  or  light  through  the  whole  vifible  hemi- 
fphere,  excepting  the  little  that  is  refieded  to  us  by  the  planets :  and  yet 
at  that  time  the  rays  of  the  fun  are  diffufed  through  the  whole  hemifphere, 
and  illuminate  it  accordingly,  excepting  only  that  little  cone  in  the  immenfe 
fpace,  whofe  bafe  is  a  great  circle  of  the  earth,  and  its  axis  1 14  diameters 
of  the  fame  ;  which  little  inconfiderable  trad  is  the  only  one  in  the  lhadow  of 
the  earth  not  illumined  by  the  fun.  Hence  it  manifeftly  appears,  that  tho’ 
the  fun’s  light  fill  any  fpace  ever  fo  plentifully,  yet  it  can  by  no  means  be 
perceived  by  a  perfon  fo  placed  that  right  lines  drawn  from  the  fun’s  body, 
cannot  come  to  his  eye,  unltfs  the  rays  be  refieded  from  fome  other  re¬ 
pelling  body,  which  receives  the  rays  in  ftrait  lines  from  the  fun.  This 
may  be  {hewn  ftiil  better  in  a  chamber  clofely  darken’d  on  all  fides,  fo  as 
not  to  admit  the  final  left  light ;  if  then  a  fmall  part  of  the  fun’s  rays  be 
admitted  into  the  chamber  through  a  minute  aperture,  there  will  be  one 
lucid  cone  produced  in  the  fpace  of  the  chamber,  whofe  vertex  will  be  in 
the  aperture,  and  its  bafe  projeded  in  infinitum :  if  then  a  black  body  be 
oppofed  to  the  bafe  of  this  illuminated  cone,  no  light  will  appear  in  the 
chamber,  except  to  an  eye  placed  within  the  cone  ;  which  eye,  if  placed  ever 
fo  little  out  of  this,  will  fee  nothing,  even  though  the  whole  cone  be  cer¬ 
tainly  illumined.  It  muft  be  own’d,  that  a  perfon  placed  a  little  afide  of  the 
cone  will  fee  fomewhat,  though  very  faintly  ;  but  if  we  confider  the  reafon 
thereof,  we  {hall  find  this  wholly  owing  to  the  duft  floating  in  the  air, 
which  refleds  fome  rays  all  around  ;  and  that  if  this  were  away,  there 
would  be  no  vifible  light  at  all  ;  as  plainly  enough  appears,  when  at  the 
time  of  obfervation,  the  duft  happens  to  be  fo  difpofed  as  to  refled  no  light:: 
by  all  which  it  appears,  that  the  rays  of  the  folar  fire  naturally  ad  from  the 
centre  to  the  circumference  in  parallel  lines. 

141.  If  now  we  confider,  that  all  objeds  vifible  by  light,  but  obfeure  in 
themfelves,  immediately  begin  to  fhine,  or  be  feen,  as  foon  as  the  rays  de¬ 
termined  by  the  fun  can  fall  upon  them  in  right  lines ;  and  difappear  at 
the  fame  time,  if  the  pafiage  to  them  in  right  lines  from  the  fun  is  ob- 
ftrudal  •,  and  efpeciall.y  if  we  confider  that  the  rays  falling  from  the  fun 
upon  a  perfed  plain  fpeculum,  and  refieded  thence  according  to  certain 
laws,  will  again  only  illuminate  that  fide  towards  v/hich  they  are  refieded, 
the  dedrine  above  laid  down  will  be  ftiil  further  confirmed.  And  thus 
much  we  clearly  learn  from  dioptrics,  that  a  ray  emitted  in  a  ftraight  line 
from  the  fun,  falling  on  a  clear  fpeculum,  and  refieded  theretrom  in  a 
ftraight  line  on  another  fimilar  fpeculum,  will  be  again  refieded  •,  and  thus 
the  fame  ray,  how  often  foever  refieded,  ftiil  retains  its  fhining  faculty,  and 
is  only  vifible,  in  a  right  line  drawn  from  the  lucid  point  of  the  laft  re-, 
fleding  fpeculum  to  the  eye  ;  and  fince  this  equally  obtains  in  the  whole  image 
of  the  fun,  as  in  one  point  thereof;  it  appears  that  the  power  of  fire,  as 
determined  by  the  fun  into  parallel  right  lines,  ftiil  continues  as  long  as  the 
radiation,  or  reflection  continues;  but  as  foon  as  the.  illuminating  fun  retires, 

this 
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this  determination  in  right  lines  immediately  alfo  ceafes,  and  the  fire  returns 
to  its  native  tendency  to  expansion  ;  fo  that  the  fun  appears  again  as  the  di¬ 
rector  of  fire. 

142.  If  we  refieCt  again,  that  the  apparent  image  of  the  vafl:  fun,  on  ac¬ 
count  of  its  great  diftance,  appears  only  a  lucid  orb,  whofe  diameter  fills  the 

— 1 —  or  ■  -  — -  or  0.0'  20"  of  the  vifible  circle  of  the  heavens  ;  we  fhall  find 

43200  7°8^t  j  j 

that  his  rays  projected  thence,  on  account  of  the  fmallnefs  of  the  fpace 
wherein  our  obfervations  are  made,  may  fo  far  be  reputed  as  parallel. 

Laftly,  the  fame  may  be  further  confirmed  hence,  that  both  in  optics,  ca¬ 
toptrics,' and  dioptrics,  the  rays  of  light  are  always  fuppofed  to  iflfue  in  pa¬ 
rallel  lines  from  the  fun ;  and  this  in  the  moil  accurate  computations  of  the 
courfe,  reflections,  and  refractions  thereof,  v/hereby  the  true  points  of  the 
foci,  reflections,  and  courfes  are  determined  5  fo  that  all  phenomena  confirm 
our  doCtrine. 

143.  To  fum  up  the  whole  in  ffiort,  it  appears  that  the  fun  is  a  caufe,  Concluded. 
which,  whenever  it  can  aCt  without  any  impediment  on  the  matter  of  light 
lodged  in  the  air,  inftantly  drives  it  into  parallel  rays. 

144.  But  it  has  alfo  been  obferved  in  all  ages,  that  thefe  lucid  and  pa¬ 
rallel  rays  of  the  fun,  likewife  produce  heat  in  the  bodies  they  are  directed 
upon  *,  fo  that  what  we  have  fhewn  concerning  light,  holds  with  equal 
evidence  concerning  heat.  And  as  we  here  fpeak  of  that  heat  which  is 
found  by  thermometers,  it  again  follows,  that  the  fame  will  alfo  hold 
good  concerning  true  fire,  which  we  have  hitherto  been  fpeaking  of.  We 
have  therefore  round,  the  true  caufe,  whereby  the  fun,  by  his  direCt  aCtion, 
can  make  fo  confiderable  an  increafe  in  the  force  of  fire  known  by  expanfion, 
by  merely  directing  the  rays  without  any  addition  of  new  matter,  or  any  e- 
miflion  of  fire  from  the  body  of  the  fun  itfelf,  or  any  generation  of  fire  out 
of  what  was  not  fire  before  :  a  difcovery  which  muft  be  allow’d  of  great  im¬ 
portance  in  a  treatife  of  chemiftry. 

145.  If  then  it  be  alked,  why  upon  lighting  a  candle,  which  alfo  deter¬ 
mines  light  in  right  lines,  it  does  not  at  the  fame  time  heat  the  place  which 
it  illuminates  •,  the  anfwer  is,  that  the  fmall  radiant  cone  does  not  direCt  the 
rays-  into  a  parallelifm,  but  dilfufes  them  into  a  fphere  ;  by  which  means 
the  fire  contained  in  the  chamber,  does  not  aCt  towards  any  one  part,  but 
towards  all  around  :  but  if  you  approach  fo  near  the  candle*  as  that  the 
nearnefs  create  as  it  were  a  kind  of  parallelifm,  the  heat  will  alfo  be  perceived 
there.  This  feems  to  remove  all  difficulties,  and  efpecially  if  wre  confider 
withal,  what  has  been  above  delivered  concerning  the  great  diverfity  of 
light  and  heat. 


COROLLARY  I. 

146.  Hence,  therefore,  upon  intercepting  the  reCtitude  of  the  rays,  which  Ufon  altering 
direCt  the  fire  from  the  fun  into  a  parallelum,  fuch  parallelifm  immediately  ^1°^' 
ceafes,  and  at  the  fame  inftant  the  particles  of  fire  diffufe  themfelves  equably 
all  around  *,  which  plainly  ffiews,  that  the  whole  effeCt  was  before  owing  to 
that  parallelifm.  For  fuppofe  a  burning  concave  oppofed  direCtly  to  the  fun 
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nt  noon  day,  and  in  clear  weather;  and  let  a  body,  for  inftance  a  rod  of 
iron,  be  expofed  to  the  focus,  and  while  this  is  undergoing  the  utmoft  violence 
of  fire,  let  an  opake  body  be  interpofed  between  the  fun  and  the  focus  of  the 
concave,  large  enough  inftantaneoufly  to  fhadow  the  whole  area  of  the  con¬ 
cave  ;  and  the  effeCt  is,  that  the  whole  burning  focus  will  be  immediately  ex- 
tinguilh’d,  though  the  air  between  the  fhadow  and  concave  be  equally  hot, 
that  is,  equally  full  of  fire,  and  the  fun  fhine  equally  as  before,  merely  by 
reafon  the  direction  is  taken  away.  Nor  can  it  be  alledg’d,  that  there  is 
more  fire  between  the  concave  and  the  focus,  while  the  fun  was  adding  ftraight 
upon  the  concave ;  fince  there  was  evidently  no  more  heat  at  that  time  than 
afterwards,  except  what  came  from  the  refleddion.  There  appears,  therefore, 
a  wide  difference  between  the  heat  produced  by  the  attrition  of  bodies,  and 
that  produced  in  the  air  by  the  folar  parallelifm  ;  as  the  former  continues  a 
Jong  time,  whereas  the  latter  vanifhes  immediately  ;  tho’  when  the  fun  has 
once  heated  a  body,  it  retains  its  degree  of  heat  a  confiderable  time,  propor- 
tionably  to  its  folidity. 

147.  What  we  have  above  faid  has  been  often  experienced  by  the  gar¬ 
deners  to  their  great  coft,  in  the  building  of  their  green-houfes  ;  for  if  the 
windows  thereof,  whereby  the  warmth  of  the  winter  fun  at  its  elevation  between 
ten  o’clock  and  two,  is  admitted,  be  fo  order’d  as  that  the  rays  cannot  reach 
to  the  cieling  of  the  room,  but  declining  downwards  leave  a  fpace  between 
the  cieling  and  the  part  illumin’d  by  the  fun  ;  there  is  always  obferved  a 
more  intenfe  cold,  other  circumftances  remaining  the  fame  ;  and  the  cold 
moifture  collecting  thereon,  will  trickle  down  and  deftroy  the  tender  plants: 
for  which  reafon  the  green-houfes  expofed  full  to  the  fouth  fhould  always 
have  their  glafs- windows  erected  to  an  angle  of  fourteen  degrees  thirty- 
nine  minutes  to  the  pavement;  and  the  cieling  to  be  fo  built,  as  to  de¬ 
cline  downwards  from  the  horizontal  line,  drawn  from  the  height  of  the 
windows  towards  the  hind-wall,  by  an  angle  of  20  degrees  30  minutes, 
in  thofe  countries  where  the  elevation  of  the  pole  is  52  £  degrees.  The. 
reafon  is  eafily  deduced  from  aftronomy  and  dialling';  and  may  here,  for 
brevity’s  fake,'  be  omitted. 

COROLLARY  II. 


148.  The  greateft  fire  in  our  air,  and  of  bodies  heated  by  the  aCtion  of 
the  fun  producing  a  parallelifm,  is  always  much  lefs  than  that  found  in  the 
body  of  a  healthy  man,  produced  by  the  principle  of  life  ;  the  latter  ufually 
riling  to  92  degrees  on  the  thermometer,  but  the  former  rarely  to  84  degrees: 
nor  does  it  ever  continue  long  at  fuch  height,  but  prefently  declines.  But 
we  are  here  fpeaking  only  of  that  heat  produced  in  an  open  place,  without 
help  of  reflection  or  collection,  by  the  mere  means  of  the  reCtitude  of  the  fun’s 
rays:  for  clouds  by  their  reflexion,  and  watery  globules  lodg’d  in  the  air, 
by  their  refraction  may  much  increafe  the  aCtion  of  this  fire  ;  and  yet  we 
never  heard  of  fuch  a  fire  produced  by  parallelifm,  or  by  natural  reflections 
and  refractions,  as  fufficed  to  kindle  alcohol,  oil,  fulphur,  or  gun-powder; 
excepting  only  lightnings,  of  which  we  fhall  fjeak  hereafter;  and  this  will 
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hold  true  even  of  the  natural  heat  under  the  equator,  and  all  parts  of  the 
torrid  zone.  Whence  it  appears,  that  the  greateft  force  of  the  fun  is  not 
able  to  heat  any  known  bodies,  to  fuch  a  degree  as  to  bum  or  kindle  a  live 
flame  in  them,  and  thus  produce  a  fpontaneous  conflagration  •,  lightening 
alone  excepted.  And  confequently,  it  hence  alfo  appears,  that  the  fun  is 
never  fo  hot,  in  the  moft  fultry  region  of  the  earth,  as  to  produce  fire  equal 
to  what  a  moderate  attrition  will  prefently  raife  iti  the  coldefl:  country,  and 
the  coldefl:  bodies.  For  if  iron  be  thus  rubbed  againft  iron,  it  foon  heats  to 
a  degree  fufficient  to  kindle  fulphur,  or  gun-powder  caft  upon  it ;  and  yet 
without  affording  any  light :  from  whence  we  alfo  learn,  that  it  is  no  won¬ 
der  other  bodies  may  become  lucid,  though  without  being  much  heated  •, 
and  that  there  is  no  neceflary  connedtion  between  a  body’s  fhining  much, and- 
being  very  hot.  For  the  light  of  a  winter’s  fun,  about  noon-day  in  a  clear 
fky,  affedts  the  eye  fo  ftrongly,  as  to  blind  it  for  fome  time  ;  though  its 
heat,  under  the  fame  circumftances,  is  not  fufficient  to  melt  the  thin  icicles 
fufpended  in  the  air,  and  diredtly  oppofite  to  it ;  as  I  myfelf  obferved  this 
winter.  The  image  of  the  fun,  refledted  from  polifhed  gold,  fiver,  brafs, 
iron,  tin,  or  glafs,  yields  a  glitter,  which  the  eye  can  by  no  means  bear, 
yet  affords  no  heat  perceivable  either  by  fenfe,  or  the  thermometer  :  from 
whence  again,  we  conclude  that  there  is  a  great  difference  between  the  nature 
of  light  and  heat,  or  between  luftre  and  fire. 

COROLLARY  III. 

149.  By  this  means  the  wife  author  of  all  things  has  provided,  Jeff  the  The  funs  lent 
fun’s  rays  coming  ftraight  upon  us,  might  deftroy  the  tender  bodies  of  ani-  rarfb  ^eftroys 
mals  and  vegetables  j  I  fay  ftraight  upon  us,  that  no  one  may  imagine  I 

fpeak  of  refledted,  and  thus  of  colledled  rays,  which  by  fuch  means  fome- 
times  become  far  more  violent,  and  render  places  uninhabitable  ;  as  in  the 
ifland  of  Ormus ,  where  the  white  mountains  of  fait,  under  a  certain  afpedt 
of  the  fun,  refledt  the  rays  fo  fiercely,  as  to  render  the  place  at  that  time 
unfufferable :  but  fuch  exceflive  heat  of  weather  does  not  continue  long ;  being 
foon  temper’d  by  the  enfuing  cold. 

COROLLARY  IV. 

150.  If,  therefore,  the  fun.  adt  on  the  atmofphere,  at  a  time' when  all  Yet  is  not  the 
the  corpufcles  floating  in  it  are  difpofed  to  an  equable  tranfmiflion  of  th ^  fame  lf! 
rays,  all  the  fire  in  the  atmofphere  would  adt  in  parallel  lines,  excepting  tent  i>tnceu 
that  part  hid  in  the  conic  fhadow  of  the  earth  •,  but  it  is  hardly  credible 

this  fhould  happen  on  various  accounts,  but  much  more  likely  there  fhould 
be  at  all  times  both  reflexions,  refradtions,  colledtions,  and  difperfions,  with¬ 
in  the  fame.  And  thus  I  have,  accordingly,  obferved  the  fun’s  force  and 
effedt  on  the  atmofphere,  and  the  earth,  to  be  always  furprizingly  diverfified  ; 
but  in  thofe  places,  which  are  out  of  the  atmofphere  of  our  earth,  the  fire  * 

diredted  by  the  fun  fliould  always  feem  to  be  proportionable  to  the  fpaces 
themfelves,  we  mean  in  regions  not  far  from  each  other. 
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COROLLARY  V. 

Tor  feveml  1 5 1 .  Hence  it  appears  no  way  probab'e,  that  the  fame  degree  of  fire 
rcafons.  fhonld  ever  be  found  in  two  different  places.  For,  whether  we  confider  the 
different  afpeds  of  the  fun  with  regard  to  the  earth,  or  the  different  con- 
ftitution  and  motion  of  the  bodies  floating  in  the  atmofphere,  or  the  diffe¬ 
rent  difpofition  of  the  air  at  different  altitudes  of  it,  or  feveral  other  mat¬ 
ters  ;  we  (hall  always  find,  that  nothing  appears  more  follicitoufly  provided 
againft,  than  that  the  fame  effedt  of  fire  fhould  be  found  at  different  places. — 
The  force  of  thefe  caufes  will  appear  by  the  following  experiment. 


EXPERIMENT  XIII. 


And  partlm-  152.  If  this  fire  determined  by  the  fun,  be  received  on  the  blackefl:  known 
Ari,ly  the  cold-  [)0Cpes?  its  heat  will  be  long  retain’d  therein  •,  and  hence  fuch  bodies  are  the 
- '  -  °" ,es'  fooneft  and  the  ftrongeft  heated  by  the  fame  fire,  as  alfo  the  quickeil:  dried, 
after  having  been  moiften’d  with  water  ;  and  it  may  be  added,  that  they 
alfo  burn  by  much  the  readied: :  all  which  points  are  confirm’d  by  daily  ob- 
fervations  (q).  Let  a  piece  of  cloth  be  hung  in  the  air,  open  to  the  fun, 
.one  part  of  it  dyed  black,  another  part  of  a  white  colour,  ethers-  of  fear- 
let,  and  diverfe  other  colours  •,  the  black  part  will  always  be  found  to  heat 
the  moff,  and  the  quickefl  of  all  ;  and  the  others  will  each  heat  the  more 
flowly,  by  how  much  they  refled:  the  rays  more  ftrongly  to  the  eye  ;  thus 
the  white  will  warm  the  flowed  of  them  all,  and  next  to  that  the  red,  and  fo 
of  the  red:  in  proportion,  as  their  colour  is  brighter  or  weaker.  This  is 
v/ell  known  to  the  nations  who  inhabit  the  hotter  climates,  where  the  outer 
garments,  if  of  a  white  colour,  are  found  beft  to  prefer ve  the  body  from 
the  fcorching  fun  •,  and  black  ones,  on  the  contrary,  to  increafe  the  heat. 
And  it  has  often  been  obferved  by  the  makers  of  woollen  cloth,  that  if  at 
the  fame  time  and  place  they  hang  out  two  wet  pieces,  the  one  black,  the 
other  white,  the  former  will  fmoak  and  dry  quickly,  but  the  latter  retain 
its  water  long  ;  and  cloths  of  other  colours  will  dry  fo  much  the  flower, 
by  how  much  their  colours  are  the  brighter. 

153.  It  has  alfo  been  long  ago  obferved,  that  all  black  bodies  are  fooner 
kindled  and  fet  on  flame  by  the  fame  fire,  than  thofe  of  any  other  colour. 
The  duff  of  white  touch-wood  will  hardly  catch,  and  fuflain  a  fpark  of  fire 
firuck  on  it  j  whereas  if  the  fame  be  ftruck  on  a  black  coal,  the  duff  hereof 
will  readily  receive,  and  keep  it  up,  fo  that  in  a  fhort  time  the  whole 
duff  will  be  on  fire.  The  purefl:  and  whiteft  linen  will  hardly  maintain  a 
fpark  thrown  on  it*,  but  if  the  like  fpark  be  caff  on  tinder,  which  is  only 
.the  coal  of  linen  kindled,  and  again  extinguilhed,  it  will  immediately  catch 

through 


(q)  This  extraordinary  fuiceptibility  of  heat 
in  black  bodies,  Sir  If.  Nezvton  accounts  for 
hence,  that  the  rays  of  light  falling  on  them, 
cire  neither  reCeded  from  them,  or  tranf- 
mitted  through  them  ;  but,  entering  the  bc- 
.dies,  undergo  a  great  number  of  refiedioja* 


and  refradions  within,  till  their  motion  be 
fpent,  and,  confequently,  their  heat,  iAc, 
loft  ;  i.  e ,  according  to  him,  till  they  ceafe 
to  be  fire  :  but  what  motion  and  heat  thej 
them  elves  lofe,  the  body  receives. 
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through  the  whole  body  of  it.  Nor  would  gun-powder,  were  it  not  for  its 
black  colour,  be  fo  eafy  to  kindle  j  as  appears  by  the  powder  made  of  white 
nitre  ground  with  fulphur.  The  gardeners  have  long  complain’d,  that  their 
white  foils  would  not  warm  with  the  fun,  except  in  the  very  outmoft  furface  ; 
whereas  the  black  grows  fo  hot,  as  to  burn  the  roots  of  plants.  The  che- 
mifts  have  long  ago  obferved,  that  black  bodies,  when  committed  to  digeftion, 
or  reduced  to  blacknefs  by  art,  eafier  grow  hot  by  the  fame  fire,  in  the  caput 
corvid  collum  cygni,  or  cauda  pavonis,  which  require  different  degrees  of  fire. 

Laftly,  the  philofophers  have  confirmed  the  matter  by  experiments.  If  a 
piece  of  white  paper  be  laid  on  the  focus  of  a  burning-glafs,  it  will  be  long 
before  it  heat,  and  very  long  before  it  take  fire  ;  and  as  foon  as  kindled, 
quits  its  whitenefs,  turns  brown,  and  then  black  ;  immediately  after  which 
it  catches  flame  :  whereas,  if  a  black  paper  be  laid  on  the  fame  focus  it  im¬ 
mediately  takes  fire.  We  have  fome  extraordinary  things  on  this  head  in 
the  experiments  of  the  academy  del  Cimento  (r).  Hence  we  fee  the  reafon 
of  many  phenomena  in  meteors  ;  it  being  a  known  point,  that  thunder  and 
lightning  are  never  found  more  furious  than  in  dark  weather,  when  the 
heavens  are  cover’d  with  black  clouds  -,  from  whence  ufuallyarife  terrible 
whirlwinds,  by  the  rarifadtion  of  the  air,  occafion’d  by  the  fudden  inv 
menfe  production  of  heat.. 

EXPERIMENT  XIV. 

154.  Black  bodies  do  not  reflect  or  throw  off  the  light,  how  flrongly  fo-  'Black  lodies 

ever  it  ftrike  on  them,  as  we  found  by  the  following  experiment:  Smeeringa  ^ 

ftrongly-burning  glafs  over  with  the  fmoke  of  a  burning  candle,  till  it  was  receive 
quite  black,  and  then  expofing  it  to  the  fun,  an  eye,  placed  in  the  focus, 

could  not  perceive  either  the  leaf:  light  or  heat  therein,  or  any  other  mark 
of  fire  ;  but  no  fooner  was  the  fmoke  quite  clean  off,  and  the  glafs  reftored 
to  its  former  brightnefs,  than  upon  expofing  it  to  the  fun,  it  had  recovered 
all  its  power  of  fhining  and  burning.  Hence  it  is,  that  fore  eyes  are  not 
offended  with  black  colours,  and  thofe  affedted  with  the  ophthalmia  have  no 
relief  from  any  colour,  equal  to  that  of  the  privation. of  all  colours,  viz. 
darknefn.  So  <Tfchirnhaufe> s  burning-glafs,  if  covered  with  a  thin  fuligo 
from  the  fmoke  of  a  burning  candle,  and  thus  oppofed  to  the  hottefl  fun, 
will  neither  produce  heat  nor  light  in  the  focus  thereof. 

155.  From  all  which  it  plainly  appears,  how  fmall  a  matter  in  the  air 
may  often  fuffice  to  prevent  the  greafeft  effects  of  fire  produced  by  the  fun 
and  in  the  mean  while,  how  different  a  degree  of  heat  the  fame  caufe  may 
produce  in  different  places  ;  wherein  it  is  very  remarkable  what  effedt  a  flight 
coat  or  cover  of  blacknefs  will  produce. 

156.  But  the  whiteft  bodies  refledt  the  light  which  they  receive  with  White  ones- 
nearly  the  fame  force  as  it  ftruck  them  :  this  clearly  appears  from  a  white  do' 
metal ;  e.  gr.  pure  Folid  filver,  when  formed  into  a.fpeculum,  which  will 

retain 
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retain  the  fun’s  image,  almoft  with  equal  vigour  as  it  received  it  ;  fo  as  to 
dazzle  and  hurt  the  eyes,  and  prove  intolerable  where  the  eyes  are  inflam’d 
Thus  if  we  view  a  clear  plain  glafs  oppofite  to  the  fun,  we  (hall  find  it 
;tranfmit  the  rays  feemingly  without  any  alteration  :  but  if  we  view  it  with 
the  eye  placed  diredtly  againfl  the  fun  and  the  glafs,  we  fhall  fee  nothing 
in  it  *,  yet  if  the  hind-part  of  the  glafs  be  cover’d  over  with  quickfilver  and 
tin,  mixed  in  a  certain  proportion,  which  afford  an  exceeding  white  coat, 
the  fun’s  image  will  immediately  appear  in  it  in  all  its  luftre,  and  be  reflected 
from  it  with  intolerable  brightnefs. 

157.  The  yellow  glittering  of  gold  is  alfo  known  to  refledt  the  fun’s  rays 
with  great  ftrength  ;  but  this  is  no  where  more  confpicuous  than  in  a  con¬ 
cave  fpeculum  form’d  of  wood,  exquifitely  turn’d  into  a  fpherical  concave 
figure,  and  thus  polifhed,  and  exa&ly  cover’d  over  with  gold-leaves  ;  the 
incredible  effedt  of  which,  in  burning  bodies,  has  lately  been  feen  in  Saxony. 
Nor  can  it  be  fuppofed,  that  this  is  owing  to  any  property  in  the  metal  *,  as 
appears  from  another  ftill  more  extraordinary  fpeculum,  which  burns  vehe* 
mently,  and  yet  is  made  of  pieces  of  ftraw  artfully  interwoven  together. 

158.  Thus  red,  and  all  the  other  capital  colours  defined  by  Sir  Ifaac 
Newton’s  theory,  may  be  examined  both  with  regard  to  the  light  which 
they  colledt  in  the  focus,  and  the  fire  and  heat,  which  they  produce  in  the 
fame  :  for  if  fpeculums  be  made  of  the  fame  matter,  magnitude,  and  form, 
polifhed  alfo  in  the  fame  manner,  but  their  furfaces  of  different  colours,  and 
thus  expofed  to  the  fun,  the  different  powers  of  the  fire  collected  in  their 
focus’s,  will  give  us  a  view  of  the  effects  of  the  colours,  with  regard  to  the 
generation  of  fire  ;  and  at  the  fame  time  fhew  which  colours  will  heat,  which 
•cool,  and  which  temper,  or  mitigate  the  fame;  which  refledt  the  fire,  which 
retain,  and  which  diflipate  it.  It  may  fuffice  for  our  purpofe,  juft  to  indi¬ 
cate  thefe  things  ;  we  proceed  to  a  further  examination  of  fire.. 

COROLLARY  I. 

159.  From  what  has  been  obferved,  it  will  be  eafy  to  conceive  the  doc¬ 
trine  of  burning  fpeculums,  fo  far  as  their  power  depends  on  the  colour  of 
their  fmooth  polifhed  furface:  a  few  experiments,  carefully  made,  may  fuf- 
ficiently  afeertain  how  far  the  colottr  of  the  fpeculum  contributes  to  the 
force  of  its  focus.  . 

COROLLARY  II. 

160.  Nor  will  it  be  lefs  eafy  to  conceive  the  foundation  of  the  force  of 
fire,  by  enquiring  what  colours  are  to  be  laid  on  bodies,  in  order  to  learn 
what  efredl,  as  to  heating  and  cooling,  will  arife  therefrom.  For  thus  much 
may  be  learn’d  from  the  colour  of  the  ground  we  tread  on  :  a  black,  earth 
burns  the  feet,  but  fpares  the  eyes  ;  walking  on  a  white  one  fcarce  warms 
the  feet,  but  is  troublefome  to  the  eyes.  The  fame  may  be  obferved  with 
regard  to  paintings  and  hangings  ;  and  hence  we  have  a  hint  fer  the  making 
proper  fhades  to  keep  heat  from  the  body,  and  the  blaze  of  light  from  the 
eyes.  ’Tis  certain  that  houfes  white  on  the  outfide,  are  cold  on  the  infide  •, 
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and  thofe  black  on  the  outfide  are  hot  on  the  infide  *,  fuppofing  the  matter 
and  dimenfions  of  the  walls  the  fame.  Covers  for  the  head,  white  on  the 
outfide,  but  the  lower  brim  black,  afford  a  great  relief  to  the  head  in  a 
fcorching  feafon. 


COROLLARY  III. 

161.  Upon  the  fame  accounts  we  find  the  ground  intolerably  hot,  where  The  caufe  of 
the  foil  is  black,  and  expofed  to  a  brifk  fun.  In  fome  parts  of  the  earth,  heat  on  the. 
the  air  itfelf  is  fo  hot,  that  it  can  fcarce  be  endured  *,  as  is  particularly  ob- 
ferved  in  the  ifland  of  Ormus,  where  a  chain  of  white  mountains,  running 
from  eaft  to  weft,  refled  the  light  fo  ftrongly,  that  men  have  no  way  to 
preferve  themfelves  from  the  extreme  heat  hence  arifing,  but  by  lying  and 
fleeping  under  water,  with  their  heads  only  kept  above  it.  The  like  is 
found  at  Gamron ,  occafion’d  by  a  white  fandy  mountain,  which  refleds  the 
rays  fo  vehemently,  that  though  thefe  places  lie  without  the  tropic  north¬ 
wards,  the  atmofphere  is  fcarce  found  fo  fcorching  in  any  other  part  (j). 


COROLLARY  IV. 

162.  Water  and  other  fluids  are  raifed  in  the  atmofphere,  either  by  force  Meteors 
of  the  terreftrial  or  aerial  fire,  and  are  brought  to  recede  from  each  other  whence* 
by  the  fame  fire,  the  more  eafily,  by  how  much  they  are  prefted  with  a 
lefs  weight  of  atmofphere  ;  confequently  the  higher  they  afcerad,  the  further 
they  ftill  recede  from  each  other,  both  on  account  of  the  enlargement  of 
their  fpaces,  and  the  diminution  of  their  reciprocal  attraction.  Thus  there 
will  be  continually  a  lefs  attrition  between  them,  and  confequently  the  lefs 
fire  will  they  colled  about  them  i  they  will  grow  colder,  and  float  about  thro’ 
the  immenfe  fpaces  of  the  atmofphere  •,  which  will  ftill  give  them  the  lefs  afli- 
ftance,  the  higher  they  are.  While  thus  agitated,  the  watery  parts  are  pro¬ 
bably  refolved  into  their  atoms,  which  fingly  are  perfedly  hard,  rigid,  and 
immutable  •,  but  when  reunited,  conftitute  a  foft  water,  as  before.  And  as 
foon  as,  from  any  caufe,  feveral  particles  of  watery  vapour  begin  again  to  unite 
in  this  upper,  and  confequently  colder  part  of  the  air,  ’tis  probable  the  air 
becomes  filled  with  a  multitude  of  little  flender  icy  fhivers ;  which  when  they 
begin  to  defeend,  and  in  their  progrefs  nearer  the  earth  begin  to  becolleded 
into  lefs  compafs,  refled  the  rays  of  the  fun  which  fall  on  them,  and  thus 
form  the  appearance  of  white  clouds  ;  which  the  whiter  they  are,  the  more 
certainly  do  they  prognofticate  fnow,  hail,  cold  fhowers,  and  winds  ;  but 
the  whiter  the  face  of  fuch  a  cloud,  oppofed  to  the  fun,  does  appear,  the 
colder  always  will  its  hind  part  turn’d  from  the  fun  necefiarily  be  found  •,  as 
being  deftitute  at  that  time  of  the  fun’s  heat.  Hence  it  follows,  that  fuch 
clouds  may  increafe  the  heat  of  the  air  in  a  fhort  time  1  efpecially  when  by 
their  various  pofitions,  in  refped  to  the  fun,  they  happen  to  projed  his 
refieded  rays  upon  fome  fmall  part  of  the  air,  and  thus  form  as  it  were  a 
kind  of  focus  •,  but  if  black  clouds  be  feen  in  the  fky,  at  the  fame  time 
that  the  fun  fhines,  thunder  and  lightning  ufually  foon  follow. 

Mm  CORO  L~ 

{s)  See  Nieubof  Itin.  Terr.  &  Mar.  from  pag.  80  to  91,  and  others. 
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COROLLARY  V. 

163.  After  what  has  preceded,  we  can  no  longer  wonder  how  fuch  fud- 
den  viciflitudes  of  heat  and  cold  fhould  fometimes  arife  in  a  certain  part  of 
the  atmofphere.  For  if  we  confider,  that  at  the  fame  time,  when  the  fun 
ftrikes  the  air  direCtly,  the  fire  in  it  is  immediately  driven  into  parallel  beams, 
though  vaguely  difperfed  before  ;  this  gives  us  one  great  caufe  of  the  in- 
creafe  of  heat.  If  we  again  confider,  that  the  ground  on  which  we  tread, 
becomes  fuddenly  expo  fed  to  thefe  parallel  rays,  it  muft  alfo  heat  quickly  : 
laftly,  that  all  bodies  in  this  air,  or  upon  the  earth,  will  alfo  be  heated 
more  and  more  by  the  irradiation  of  the  appearing  fun  :  from  whence  it  fol¬ 
lows,  that  the  heat  in  a  certain  place  may  be  increafed,  as  above-mention’d, 
though  not  a  fingle  particle  of  fire  fhould  be  added  to  what  was  in  it  before. 
So  that  we  have  found  another  manner  of  exciting  latent  fire  *,  viz.  by  the 
a&ion  of  the  fun  impelling  the  particles  of  fire,  fo  as  to  make  them  proceed 
in  parallel  lines. 

EXPERIMENT  XV. 

Parallel  fire  1 64.  If  now  we  conceive,  perfectly  white  polifhed  minute  bodies  fo  ac- 
eollefled  to  a  commodated  to  each  other,  as  that  fire,  when  render’d  parallel  by  the  fun’s 
focus,  adtion,  and  directed  on  the  furfaces  of  fuch  bodies,  fo  as  that  all  the  rays 

reflected  from  them  unite  in  one  fmall  point,  all  the  fire  will  then  be  col¬ 
lected  in  fuch  place  ;  which  fire,  otherwife,  if  the  bodies  had  been  difpofed 
parallelly  in  the  fame  plane,  would  have  been  driven  into  a  parallelifm  as  it 
fell.  Whence  it  follows,  that  the  fire  in  this  point,  which  we  fhall  here¬ 
after  call  a  focus,  will  be  fo  much  the  {Longer,  on  account  of  the  increafe 
of  its  quantity,  by  how  much  fuch  point  or  place  collecting  the  rays,  is  lefs 
than  the  whole  fum  or  fpace  of  the  furface  of  the  reflecting  bodies:  and  this  fire, 
as  now  increafed  by  parallelifm,  has  been  defcribed  in  the  preceding  articles. 

In  a  parabolic  1 65.  If,  therefore,  we  could  make  a  concave  fpeculum,  whofe  cavity 

concave ;  if  were  form’d  by  the  revolution  of  a  perfeCt  Apollonian  parabola  about  its  axis, 
practicable.  an(p  ccmfequently  fhould  have  perfedtly  the  figure  of  a  parabolic  conoid  ;  and 
fuppofing  the  matter  of  fuch  fpeculum  alfo  to  be  very  denfe,  as  gold,  and 
its  colour  white,  as  the  fineft  mercury  ;  and  laftly  that  it  be  exceedingly  elaftic, 
as  the  fineft  fteel,  and  its  aperture  or  bafe  very  large,  we  fhould  find,  that  in 
the  point  of  the  axis  of  fuch  fpeculum,  diftant  I  part  of  the  latus  reftum  from 
the  vertex,  the  whole  power  of  the  fire,  which  enter’d  in  a  parallel  direction, 
within  the  circular  bafe  of  the  parabolic  conoid,  placed  parallel  to  the  face  of 
the  fun’s  difk,  will  be  connected,,  and  confequently,  by  increafing  the  mag¬ 
nitude  of  the  fpeculum,  this  force  may  be  ftill  further  and  further  augmented. 
But  human  induftry  has  not  yet  been  able  to  difcover  fuch  a  matter,  nor  to 
give  fuch  a  figure  to  a  concave  body  j  fo  that  the  excellency  here  fpoke  of 
is  hitherto  little  other  than  ideal 

v  166. 
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166.  The  next  view  after  this,  is  to  chufe  the  moft  folid,  white,  hard, 
elaftic  matter,  and  to  polilh  it  thoroughly,  fo  as  to  leave  no  inequalities  on 
its  concave  furface,  and  give  it  a  fpherical  figure,  which  was  fuppofed  prac¬ 
tical  by  turningand  grinding  ;  but  neither  has  this  been  found  practicable,  on 
account  of  the  difficulty  of  the  poliffiing  :  fire,  after  this  manner  may  be 
raifed  to  an  incredibly  violent  degree. 

167.  Not  to  enumerate  all  the  other  contrivances,  it  may  fuffice  to  con-  The  power  of 
fider  the  bell  which  has  hitherto  been  produced;  being  that  made  by  the  VilletteV 
two  Villettes ,  father  and  fon,  of  Lyons ,  with  great  expence  and  infinite  la-  ^eculwn' 
bour.  It  is  made  of  a  metallic  matter,  whofe  due  mixture  was  difcover’d 

by  a  multitude  of  trials  ;  it  is  ground  to  a  hollow  fpherical  figure,  fo  as  the 
chord  of  the  fegment  of  the  circle,  by  whofe  revolution  it  was  formed,  or 
the  diameter  of  the  circle  which  defines  its  plane  or  diameter,  is  43  inches  ; 
confequently  the  area  of  its  plane,  whereby  the  rays  are  admitted,  contains 
1452  V  French  inches:  its  figure  is  both  concave  and  convex,  and  either 
fide  or  face  polifhed  with  the  greateft  nicety  poffible  ;  the  whole  weighs  400 
French  pounds.  Laftly,  the  rays  determined  on  it  by  the  fun,  when  oppofed 
direCtly  thereto,  are  collected  into  a  circle  in  the  air,  of  half  an  inch  diameter, 
at  the  diftance  of  3  feet  and  an  half  from  the  bottom  of  the  fpeculum  ;  con¬ 
fequently  the  parallel  rays  of  the  fun,  falling  within  the  circle  or  aperture  of 
the  fpeculum,  on  the  concave  furface  thereof,  if  they  be  all  reflected  into  the 
focus,  will  be  contracted  out  of  a  fpace  of  7396  into  a  fpace  of  1  ;  fo  that 
the  fire  will  be  7396  times  ftronger  in  the  focus  than  it  was  before  in  the  air. 

The  difference  appears  exceffive  •,  but  it  muft  be  confidered  that  we  here 
fuppofed  all  the  rays,  which  fell  on  the  furface,  to  be  reflected  from  it, 
which  is  found  falfe  by  experiment  •,  in  regard  its  figure  is  neither  perfectly 
fpherical,  nor  perfectly  fmooth  and  poliffied,  or  without  inequalities  ;  as 
appears  by  the  microfcope,  and  even  upon  looking  obliquely  with  the  naked 
eye.  However  this  be,  if  we  could  find  the  proportion  of  the  reflected  to 
the  incident  rays,  it  would  be  eafy  to  compute  the  precife  increafe  of  fire, 
without  which  we  can  only  fay  in  the  general,  that  the  fire  here  produced  is 
extremely  violent:  for,  upon  experiments  frequently  repeated,  it  has  Len 
found  that  all  bodies,  combuftible  by  any  fire,  when  placed  in  this  focus,  are 
inftantaneoufly  burnt  ;  and  even  bodies,  which  by  reafon  of  their  moiftncfs 
do  not  readily  burn,  till  the  fire  have  firft  dried  them,  do  here  take  flame 
immediately  ;  as  has  been  found  in  a  thick  piece  of  green  wood,  moved 
backwards  and  forwards  in  the  focus,  which  is  immediately  fet  on  fire,  and 
continues  to  burn  conflantly,  though  moved  about ;  the  flame  {till  arifing  in 
that  part  which  is  expofed  to  the  focus.  The  fix  metals  melt  in  a  minute  in 
the  fame  focus  ;  as  do  alfo  all  the  femimetals  hitherto  tried.  Add,  thatftony 
and  rocky  bodies  likewife  immediately  fufe,  and  after  fufion  turn  to  glafs.  The 
vehement  force  it  exerts  on  thefe  occafions  may  be  learnt  hence,  that  in  the 
twinkling  of  an  eye,  it  melts  bones  themfelves,  whofe  affies  can  fo  powerfully 
refill  the  force  of  fire  and  lead  in  the  refiner’s  teft ;  and  that  it  melts  and  vi¬ 
trifies  tiles,  clay,  fand,  crucibles,  marble,  jafper,  and  porphire,  inftanta- 
neoufly.  Laftly,  what  no  perfon  unacquainted  with  the  hidden  force  ot 
fire  would  ever  have  imagined,  the  very  (tones  ufed  in  the  building  of  furnaces 
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for  melting  iron,  and  feparating  it  from  the  ore,  immediately  melt  and  vi¬ 
trify  in  the  fame  focus  ;  notwithftanding  that  fuch  ftones  might  have  conti¬ 
nued  expofed  to  the  fierceft  common  fire  for  many  years  without  any  change  : 
fo  that  this  fire,  collected  by  the  fpeculum,  will  do  that  in  the  fhorteft  time, 
which  the  greateft  fire  we  can  raife  by  other  means  is  notable  to  effeCt  in  any 
length  of  years  •,  and  yet  this  fire  fubfifts  in  the  thin  air,  or  even  perhaps  in 
vacuo  \  the  air  being  all  expelled  out  of  the  place  by  the  force  of  fire,  wdiich 
thus  remains  without  any  fewel  >  continuing  as  long  as  the  fun  continues  to 
fhine  on  the  fpeculum. 

1 68.  But  the  colder  the  matter  of  fuch  fpeculum  is,  the  more  violent 
is  the  fire  always  found  in  its  focus  ;  confequently,  the  denfer  the  metal- 
U'r  “c^that*  ^ne  matter  1S’  greater  is  its  effeCt :  add,  that  by  this  coldnefs,  the  e- 
the  rays  of  the  lafticity  is  alfo  increafed,  which  makes  another  addition  to  the  effeCt  of 
moon  afford  the  fpeculum.  In  proportion  as  the  body  of  the  fame  fpeculum  grows  hot, 
its  addon  grows  weaker  and  weaker  ;  hence  it  is  always  found  more  power¬ 
ful  in  the  winter-time,  in  clear  cold  weather,  than  under  the  like  clearnefs  of 
air  in  fummer.  It  has  been  above  obferved,  that  the  cohefion  of  the  particles 
of  bodies  is  continually  loofen’d  by  the  action  of  fire,  and  this  proportiona- 
bly  ;  which  muff  leave  greater  interfaces  between  thofe  particles,  and  con¬ 
fequently  leffen  their  contraction,  and  the  elafiicity  arifing  therefrom.  This 
would  afford  a  large  field  for  fpeculation  :  but  it  being  impoflible  for  us  now 
to  exhaufl  every  thing,  we  fhall  only  here  take  occafion  to  note,  that  in  a 
clear  winter’s  night,  at  the  time  of  full  moon,  the  image  of  that  luminary 
being  received  diredly  on  the  fpeculum,  produces  a  very  bright  focus,  too  ve¬ 
hement  for  any  eye  to  endure  ;  and  yet  the  ball  of  a  mod  exquifite  thermo¬ 
meter,  being  applied  to  the  centre  of  the  fame  focus,  affords  not  the  lead 
fign  either  of  heat  or  cold,  but  remains  perfectly  unmoved ;  which  appears 
the  more  wonderful,  as  the  rays  reflected  from  the  moon’s  body  upon  the 
fpeculum,  were  originally  directed  by  the  fun  ;  whofe  image,,  as  mention’d 
in  the  former  experiments,  when  received  on  a  plain  glafs  fpeculum,  and 
reflected  direCtly  therefrom  upon  Villette's  concave  one,  produce  a  fire  in 
its  focus,  almoft  as  vehement,  as  if  the  rays  had  been  received  imme¬ 
diately  from  the  fun  itfelf :  which  affords  a  new  proof  of  the  difference 
above-mention’d,  between  heat  and  light.  Thefe  are  the  chief  phyfiCal  ef¬ 
fects  relating  to  our  prefent  purpofe,  as  they  are  accurately  deliver’d  by  the 
excellent  author  himfelf ;  the  ufe  whereof  will  be  prefently  fhewn  in  pro- 
fecuting  this  fubjeCt. 

169.  Qne  inconvenience  is  found  in  this  noble  inftrument ;  viz.  that  re- 
and  inconve-  quiring  the  fun  to  be  of  a  good  height,  in  order  to  receive  the  po  wer  of  it, 
niences  of\A- pe  d]re(q]y  oppofed  to  it,  fo  as  the  axis  of  the  difk  of  the  fun,  and  of 
the  concavity  of  the  fpeculum  be  in  the  fame  right  line,  it  thence  becomes 
necefiary  for  the  bodies  to  be  tried  in  its  focus,  to  be  placed  in  the  fame 
line  j  by  which  means  they  cannot  be  prevented  from  falling  down  as 
fo  on  as  fufed  ;  whence  they  efcape  the  further  aCtion  of  the  Are,  and  can¬ 
not  be  brought  under  any  new  trial  after  melted :  which  on  many  occa- 
flons  would  be  highly  ufeful.  But  this  inconvenience  is  in  forne  meafure 
compenfated,  in  that  the  external  furface  of  the  polilhed  metal  caufes 
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all  the  reflection,  and  thus  does  not  diflipate  or  change  the  rays  \  whereas 
glafs  fpeculums,  made  to  refled  by  covering  them  over  with  mercury,  difli¬ 
pate  many  of  the  rays  by  the  multiplicity  of  images  produced  by  the  diffe¬ 
rent  pofitions,  or  tranfparent  particles  of  glafs :  and  other  ways  of  pro¬ 
ducing  the  like  focus’s,  by  refraction  of  the  rays  produced  by  tranfparent  bo¬ 
dies  of  proper  figure,  ad  {fill  more  faintly  ;  in  regard  they  at  the  fame  time 
refled  a  great  quantity  of  the  rays  in  all  directions,  and  abforb  and  fuffocate 
many  others  in  the  obliquity  of  their  pores. 


COROLLARY  I. 

170.  From  a  confideration  of  what  has  been  above  delivered,  it  evi-  The  fun.  of 
dently  follows,  that  the  heavenly  bodies,  bcfth  planets  and  fixed  ftars,  make  aJ- 
no  fenfible  alteration  in  our  fire  as  to  heat  and  cold  ;  for,  to  omit  the  fun,  ^reafesfre 
whofe  effeds  we  have  been  above  relating,  the  moon  is  the  only  one  whofe  by parallelifm' 
image  received  on  this  fpeculum,  and  after  refledion  colleded  into  fo  narrow  ^  refettion . 
a  compafs,  produces  not  the  leaft  fign  either  of  expanfion  or  contradion  in 
the  air  ;  from  whence  it  will  eafily  follow,  that  the  light  of  the  other  pla¬ 
nets  muff  do  lfill  lefs  :  neither  has  the  light  of  the  fixed  ftars  any  effed  in  the 
like  cafe.  If,  therefore,  which  does  not  appear  improbable,  thefe  bodies  have 
any  influence  on  the  heat  or  cold  of  our  earth  and  atmofphere,  it  will  ne- 
ceffarily  follow,  that  they  muft  ad  after  fome  other  manner  than  by  the 
emiflion  of  rays  of  light.  Nor  will  it  avail  the  aftrologers  to  alledge  the 
various  afpeds,  conjundions,  and  conftellatfons  of  the  ftars  j  it  being  evi¬ 
dent,  from  the  above  experiments,  that  thefe  make  no  alteration  therein. 

So  that  we  may  therefore  conclude,  that  all  the  heat  derived  to  us  from  the 
heavenly  bodies  depends  wholly  on  the  fun  5  no  other  known  body  having 
hitherto  been  found  to  contribute  thereto. 


COROLLARY  IF. 

17 1.  Upon  confidering  thefe  things,  it  will  not  be  fo  eafy  to  conceive  Celejlial  in- 
the  remarkable  changes  produced  in  bodies  by  the  ftars  •,  in  regard  moft  fiuences  not 
thofe  known  to  us  are  accompanied  with  heat  or  cold  at  the  time  they  pro-  °^ffbly  gra~ 
duce  their  efFeds  :  it  follows,  therefore,  that  the  influence  which  the  ftars  ^ity. 
are  fuppofed  to  have  on  thefe  fublunary  bodies,  muft  arife  from  fome  other 
caufes  which  are  not  owing  to  fire ;  whence  alfo  thofe  viciftitudes  do  not 
appear  to  depend  on  the  communication  or  alteration  of  fire  produced  there¬ 
by  Nor  has  the  power  yet  been  afcertain’d  by  experiments,  whereby  thofe 
fuperior  bodies  affed  our  inferior  regions,,  unlefs  perhaps  it  be  gravity^  which 
is  a  very  different  thing  both  from  fire  and  light,  nor  has  any  dependance 
on  them.  This  power  too  is  different,  according  to  the  different  afped  of 
the  ftars  *,  whence,  in  refped  of  the  differences  of  attradion  and  repulfion, 
many  changes  may  be  produced  in  bodies,  as  no  one  acquainted  with  thefe 
things  will  deny. 
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COROLLARY  III. 

Various  pba-  1 72.  From  what  has  been  above  explain’d,  we  maybe  able  to  account 
vomena  of  the  for  feveral  phenomena  of  the  air,  which  on  fome  occafions  have  ftrange 
utmofphere ac-  on  our  chemical  operations.  It  has  been  {hewn  by  the  learned  Halley , 

1  'U'J'  '  *  that  water  is  continually  evaporating  and  rifing  into  the  air  in  vaft  quantity, 
and  that  in  clear  weather  it  will  mount  to  a  great  height,  as  appears  by, the 
tranfparency  and  the  increafed  weight  of  the  atmofphere  •,  here  alfo  it  will 
then  freeze,  if  its  particles  happen  to  join  in  thofe  high  places. 

173.  And  what  hinders  the  fame,  when  thus  form’d,  from  uniting  toge¬ 
ther  in  great  maftes,  and  thus  appearing  in  form  of  clouds  ?  And  muft  not 
thefe  on  many  accounts  be  continually  changing  their  figures,  and  becoming 
fometimes  plain,  and  then  fpherical,  and  fo  of  the  reft  :  and  fuppofing  thus 
much,  muft  not  the  a&ion  of  the  fun  ftiining  through  the  air,  and  received 
on  fuch  fpecula,  and  again  reflected  therefrom,  produce  many  fudden  and 
extraordinary  appearances  of  light  ?  And  when  again  difpofed  in  a  different 
manner  and  fituation,  in  regard  to  each  other,  may  not  thick  darknefs  im¬ 
mediately  enfue  by  a  fuffocation  of  the  rays  of  light  ?  When  the  clouds  are 
illumined  by  the  fun  and  moon,  fo  as  to  appear  very  white,  fnow  or  hail 
ufually  enfue  foon  after  *,  and  in  a  very  fultry  feafon,  after  a  long  drought 
and  calm,  we  have  obferved  fmall  white  clouds,  rifen  a  good  height,  con¬ 
tinually  increafing  at  a  great  rate  *,  and  in  proportion  as  they  increafe,  turn¬ 
ing  lefs  and  lefs  white,  till  at  length,  collecting  out  of  a  vaft  extent  into 
a  narrow  pyramidal  fpace  pointed  towards  the  earth,  they  make  a  thick 
fhadow,  and  at  laft  burft  down  in  (bowers  with  great  vehemence ; 
which  falling  with  large  drops,  (hew  they  had  formerly  made  hail,  while 
in  the  higher  and  colder  regions  ;  which,  in  its  defcent  through  the  lower 
and  warmer  were  fuddenly  thawed:  or  if  the  hail  (tones  were  too  big 
when  above,  they  fall  to  the  ground  in  their  folid  form  ;  on  both  which 
accounts  they  produce  a  great  and  fpeedy  coolnefs  in  the  lower  air :  all  which 
is  eafily  conceivable  from  the  few  ftmple  principles  above  laid  down.  For 
the  higher  the  watry  particles  were  raifed,  the  more  icy  muft  they  neceflarily 
become  j  and  for  the  fame  reafon,  with  the  more  violence  muft  they  fall, 
when  once  they  begin  to  defcend  ;  their  paftage  being  continually  accelerated, 
according  to  the  principles  of  Galilao.  Hence  a  fmall  cloud  compared  to  a 
bull’s  eye,  appearing  in  a  clear  (ky  in  Afia ,  and  falling  from  thence,  appears  the 
bigger  the  nearer  it  comes,  according  to  the  reciprocal  ratio  of  the  diftances  ; 
till  reaching  the  earth,  it  (hakes  every  thing  with  immenfe  force,  forming  a 
whirlwind,  and  often  turning  into  a  tornado,  which  drives  from  the  cen¬ 
tre  towards  the  circumference  of  the  horizontal  circle.  Does  it  not  ap¬ 
pear  probable  then,  that  the  clear  whitenefs  of  clouds  is  always  owing  to 
fnow  or  ice,  formed  and  fufpended  therein  ?  ’Tis  certain,  that  water  illu¬ 
min’d  by  the  fun  never  appears  white,  excepting  when  turn’d  to  froth, 
fnow,  or  ice,  unlefs  it  receive  and  tranfmit  the  fun’s  rays  very  obliquely 
to  the  eye.  Again,  if  it  be  conhder’d,  that  if  frozen  water,  by  the  con¬ 
currence  of  wind,  be  gather’d  from  all  quarters  into  one  mafs,  and  thus 
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oppofed  to  the  fun,  and  the  rays  refle&ed  from  that  part  of  the  furface,  and 
by  this  means  the  air  between  fuch  furface  of  the  .frozen  cloud  and  the  fun, 
be  heated,  moved,  and  rarified,  while  at  the  fame  time  in  other  parts  the 
acftion  of  heat  and  light  is  very  different ;  or  if  we  conceive  that  large  globe, 
as  pretty  folid,  and  not  tranfparent,  the  cold  will  be  fo  much  the  ftronger 
in  the  part  turn’d  from  the  fun,  and  the  air  likewife  fo  much  the  denfer: 
on  all  which  accounts  there  will  arife  a  furprizing  rotation  of  the  globe, 
which  will  be  the  more  rapid  as  the  fun’s  heat  is  the  greater,  the  icy  globe 
denfer,  the  cold  on  the  hind  part  keener,  and  the  fall  of  the  globe  out  of  a 
high  light  air  into  one  that  is  lower,  denfer,  and  more  refilling. 

174.  If  thefe  things  be  confidered  attentively,  we  (hall  no  longer  wonder 
at  tnofe  horrible  dorms  which  ufually  fucceed  long  calms  ;  efpecially  if  we 
recollect  the  great  attrition  which  bodies  undergo  in  falling  from  a  high 
to  lower  heavy  air  ;  and  the  vehement  heat  and  fire  which  mud  fud- 
denly  be  produced  thereby.  It  may  alfo  be  remember’d,  that  in  fome  parts 
of  the  earth  an  intolerable  heat  fometimes  rifes  fuddenly,  which  foon  after 
turns  into  a  horrible  dorm  ;  and  it  has  been  obferved  that  this  always  hap¬ 
pens  when  the  fky  is  interfperfed  with  feparate  clouds.  For  if  a  few  fnowy 
or  icy  clouds,  efpecially  if  of  a  large  fize,  be  fo  difpofed  in  the  atmofphere 
as  to  form  reflecting  fpeculums,  whofe  joint  effect  meets  in  fome  one  place,, 
which  may  and  mud  often  be  the  cafe  ;  ’tis  eafy  to  conceive  that  a  ve¬ 
hement  heat  mud  fuddenly  arife  in  fuch  place,  and  the  air  be  greatly 
expanded  therein,  fo  as  fometimes  to  produce  a  great  vacuum  *,  which  being 
heated  by  the  fire  collected  there,  the  cloud  and  expelled  air  will  be  driven 
with  a  violent  motion  and  noife,  and  thus  form  a  kind  of  rotatory  vortices  j 
prefeiitly  after  which,  on  a  change  of  the  fituation  of  the  clouds,  the  focus 
being  diflipated,  the  air,  fnow,  hail,  water,  and  other  bodies  near  at  hand, 
will  rufh  violently  into  the  void  fpaces.  I  have  long  been  of  opinion,  that 
the  fun’s  light  being  repelled  from  icy  clouds,  and  collected  into  vaft  focus’s, 
was  the  chief  caufe  of  the  many  ftupendous  and  deftructive  effects  from  time 
to  time  oblerved  in  the  atmofphere.  A  learned  Enghfhman  has  demonftrated 
with  great  fubtilty,  what  the  force  of  common,  heavy,  elaftic  air  would 
be,  when  rufhing  into  a  mere  'Torricellian  vacuum  *,  andfhews,  that  it  would 
be  incomparably  greater  than  that  of  the  moft  violent  wind  that  ever  was 
known  ;  which  fcarce  moves  above  22  or  23  feet  in  the  fpace  of  a  fecond  j 
whereas  this  air  would  move  1305  feet  in  the  fame  time  (t).  Confidering 
then  the  number,  magnitude,  denfity,  and  different  difpofitions  which  thefe 
atmcfpherical  fpecula  may  be  found  in  •,  what  ftupendous  effects  may  not  be 
produced  thereby  ?  Hence,  lightning,  thunder,  whirlwinds,  ftorms,  thun¬ 
der-bolts,  winds,  and  other  meteors.  Hence  alfo  we  may  probably  con¬ 
ceive  why  thefe  rarely  happen  in  a  hot  feafon,  if  the  fky  is  clear,  and  free 
from  clouds  ;  and  why  after  the  formation  of  clouds,  fuch  furprizing  changes 
fo  fuddenly  follow, 

ft)  P bil. Tranfaft.  1.686.  b*6*.  I  84-  p.  igj* 
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COROLLARY  IV. 

175.  But  more  frequent  and  violent  effeds  of  this  kind  never  happen 
than  when  after  a  long  fharp  froft,  which  has  bound  up  the  rivers,  and  even 
penetrated  the  earth’s  furface  to  a  confiderable  depth  :  for  if  a  fudden  thaw 
then  take  place,  it  is  ufually  quickly  fucceeded  by  a  multitude  of  clouds, 
uncommon  heats,  and  then'  by  thunder  and  lightning.  The  reafon  is,  that  the 
fat  vapours  and  exhalations  raifed  by  the  fubterraneous  heat,  have  long  re¬ 
main’d  imprifoned  under  that  covering  of  the  earth;  as  appears  hence,  that  if 
the  ice  of  a  ditch  be  broke  in  the  middle  of  a  fevere  froft,  it  prefently  emits 
warm  vapours,  and  this  the  more  plentifully,  as  well  as  the  hotter,  by  how 
much  the  froft  is  harder,  and  the  ice  thicker.  As  foon  therefore  as  the  ex¬ 
terior  frozen  turf  of  earth  is  foften’d  by  warmth,  the  pent  up  vapours  im¬ 
mediately  efcape  through  all  the  paflages  they  can  find,  and  mounting  on 
high  form  clouds,  which  being  driven  about,  and  fometimes  illumin’d  by 
the  fun,  produce  thofe  efFedts  above  defcribed.  Hence  thofe  violent  thun¬ 
ders  in  Mufcovy ,  Sweden ,  and  Denmark  after  a  thaw.  Add,  that  bodies  in 
the  moft  folid  ftate  of  cold  have  ftill  a  confiderable  motion  of  attrition. 

COROLLARY  V. 

176.  It  may  next  be  confidered,  that  the  rays  refleded  from  the  earth,  or 
buildings,  mountains,  and  the  like,  may  in  fome  fituations,  with  regard  to 
the  fun,  produce  a  much  greater  degree  of  heat  in  one  place  than  in  another: 
it  being  evident  that  thefe,  either  by  defign  or  accident,  may  be  fo  confti- 
tuted  as  to  make  a  great  addition  to  the  heat  in  the  centre  of  the  place  ;  and 
it  may  be  added,  that  the  diverfity  of  colours  found  in  the  adjacent  bodies, 
as  we  have  hinted  before,  may  make  a  great  alteration  in  the  degree  of  heat. 
Laftly,  it  muft  be  remember’dj  that  in  the  different  feafons  of  the  year,  a 
great  difference  is  continually  arifing  in  the  fun’s  direction  to  thofe  bodies; 
whence  continual  increafes  and  diminutions,  in  the  refledions,  focus’s,  &c. 
From  all  which  we  may  eafily  perceive  whence  it  happens,  that  fome  places 
on  a  certain  time  of  the  day  or  year,  differ  fo  much  from  themfelves,  as  to 
heat,  cold,  and  light.  It  is  well  known,  that  in  fome  countries  the  morn¬ 
ing,  in  others  the  evening  fun  is  the  hotteft  :  the  three  points  above-men¬ 
tioned  ought  here  to  be  confidered  and  examined  in  their  proper  places.  What 
moft  concerns  our  prefent  purpofe  is,  that  either  the  fire  may  be  render’d 
greater  or  lefs,  without  any  other  caufe  than  a  mere  refledion,  and  a  col* 
ledion,  or  difperfion  arifing  therefrom.  It  is  vulgarly  imagined,  that  the  heat, 
c<eteris  paribus ,  is  ftrongeft  in  high  open  places,  but  the  contrary  is  founded 
on  fad  ;  fince  in  clear  hot  weather  the  air  is  cooler  and  more  temperate  in  a 
wide  extended  plain  than  in  the  valleys  ;  whence  horfes  and  other  cattle  find 
themfelves  beft,  and  move  and  run  more  without  tiring  or  blowing  on  large 
heaths  than  in  other  places.  In  efFed,  in  fuch  plains  there  is  fcarce  any 
heat  produced,  except  from  the  common  impulfe  of  the  rays,  and  their  re- 
fledions  from  the  clouds:  all  which  things  conduce  much  to  a  right  un- 
derftanding  of  fire;  which,  for  want  hereof,  is  falfiy  imagin’d  to  be  inhe¬ 
rent 
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rent  in  Tome  parts  of  the  earth  more  than  others ;  whence  many  fi&ions  have 
been  entertain’d  foreign  to  the  true  nature  of  fire  :  whereas,  all  things  duly  ex¬ 
amin’d,  fire  appears  equably  diftributed  in  all  places. 

COROLLARY  VI. 

177.  It  may  fuffice  to  have  thus  briefly  fhewn,  that  the  meteors  in  the  Recapitula - 
atmofphere,  and  the  heats  in  the  inhabited  parts  of  the  earth,  with  the  fe-  tlon  as  t0  me~ 
veral  effects  arifing  therefrom,  all  owe  their  origin,  degrees,  and  vicifll-  ieo,s' 
tudes,  chiefly  to  a  change  in  the  reflection  of  the  fun’s  parallel  rays. 

COROLLARY  VII. 

178.  It  would  be  a  matter  of  ftill  higher  enquiry,  as  well  as  of  confidera-  Difficult  to 
ble  ufe,  to  define  the  true  proportion  between  the  quantity  of  light  falling  ajjign.the  j~o- 
from  a  given  fpace  upon  a  reflected  body,  and  the  quantity  of  the  fame  the  cat  op-- 
collected  after  the  reflection  in  a  focus.  Suppofe  then,  the  light  from  a  trie  focus. 
circle  two  feet  in  diameter  to  fall  on  a  concave  fpherical  fpeculum,  and  be 
reflected  thence  into  a  circular  focus  of  an  inch  diameter,  the  areas  of  the 
luminous  fpace  and  of  the  focus  may  eafily  be  compared  together,  as  being 

in  a  duplicate  ratio  of  their  diameters  :  whence  the  mathematicians  have  alio 
deduced,  that  incident  light  is  in  the  fame  proportion  to  reflected.  But 
if  we  confider  the  thing  phyflcally,  we  fhall  meet  with  much  greater  diffi¬ 
culties  than  at  firft  fight  would  be  apprehended  in  the  folution  of  fo  fimple 
a  problem. 

179.  For  who  can  aflign  the  number  of  pores  or  vacuities  in  the  whole  From  the  pores 
concave  furface  of  the  fpeculum,  in  proportion  to  the  folid  matter,  by  whofe  °f  f  fPecK~ 
furface  the  reflexion  is  performed  •,  all  the  fubftances  hitherto  ufed  for  this 
purpofe  being  much  lighter  than  iron,  and  confequently  fo  much  more  po¬ 
rous  than  gold,  whofe  real  folidity,  with  regard  to  its  bulk,  has  not  yet 

been  afeertain’d.  Hence  it  appears  impoflible  to  fix  this  matter,  which  how¬ 
ever  is  abfolutely  neceflary  to  determine  the  point  required :  perhaps  not 
above  a  millionth  part  of  the  bulk  of  a  given  body  is  true  matter,  and 
that  all  other  parts  may  be  confidered  as  pores  or  vacuums;  what  quan¬ 
tity  therefore  of  the  incident  light  mull  be  loft  on  this  fcore  is  eafy  to 
conceive. 

180.  But  allowing  a  perfectly  folid  body  were  procurable,  how  ihould  we  Its  figure. 
then  determine  the  figure  of  the  fpeculum  ?  For  fuppofe  it  to  be  fpherical ;  if 

it  were  really  fo,  its  infide  would  be  perfectly  black,  except  in  the  Angle  place 
of  its  focus,  or  in  the  lucid  vertical  cone  carried  on  to  the  focus,  or  prolonged  a 
little  beyond,  in  diverging  and  deflecting  coloured  rays,  as  follows  from  the 
doctrine  of  the  great  Newton  :  whereas  the  bottom  appears  in  every  fituation. 

But  to  give  the  true  figure  to  the  metal,  by  grinding  or  polifliing,  is  fear ce 
poflible ;  for  if  we  view  the  extreme  parts,  even  of  the  fmootheft  and  beft 
polifhed  fpeculum,  with  a  good  microlcope,  we  fhall  find  it  rugged,  un¬ 
even  and  porous  ;  and  be  convinced  that  only  the  fmalleft  part  of  the  con¬ 
cavity  is  of  the  fame  figure  :  the  figure  of  the  whole  being  every  where 

N  n  diver- 
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diverfified  and  irregular  ;  which  takes  away  all  hope  of  difcovering  the 
quantity  of  reflected  light. 

1 8 1.  But  were  thefe  difficulties  overcome,  there  is  another  confiderable 
one  ftill  behind  ;  viz.  what  certainty  we  have  that  the  matter  is  every  where 
the  fame,  and  reflects  the  light  equally,  and  with  the  fame  force  in  every 
point  of  the  fpeculum  ;  for  by  Sir  Ifaac  Nezvton’s  dodtrine  it  appears,  that 
there  may  be  a  great  diverfity  in  bodies  in  this  refpedl?  How  do  we  know, 
but  there  is  fome  hitherto  unknown  matter  mixed  with  the  reft,  which  has  no 
power  of  reflecting  at  all,  and  v/hich  extinguilhes  a  part  of  the  rays  propor¬ 
tionable  to  the  quantity  of  this  matter  found  in  the  mixture.  Again,  tho* 
we  might  difcover  the  quantity  of  fire  in  the  focus,  with  regard  to  the  quan¬ 
tity  which  falls  parallel  oh  the  furface  of  the  fpeculum,  in  each  of  theithree 
cafes  above-mention’d,  yet  we  fhould  only  hereby  learn  the  proportion  of  the 
quantity,  which  would  not  by  any  means  inform  us  of  the  proportional 
power  of  the  fire,  which  changes  bodies  in  the  focus,  to  that  fire  which  by 
the  fun’s  direction  fell  upon  the  circular  bafis  of  the  concave,  confidered 
as  this  alfo  changes  bodies  therein.  The  reafon  is,  that  it  fhould  fir  ft  be 
7 'he  power  of  known,  whether  the  particles  of  fire  adt  by  their  meer  force,  multiplied  by 
fire  not  from  number  of  fuch  parts  ;  or  whether  the  rule  will  hold,  that  upon  dou- 
quan  tya  ne.  kjjng  tjie  quan(-}ty  0f  flrej  jts  power  of  atfting  on  other  bodies  will  be 
doubled  ;  for  tho*  this  be  ufually  taken  for  granted,  there  is  great  room 
to  fufpedl  it  .*  and  though  it  be  certain,  that  a  greater  quantity  of  fire  in  a 
lefs  fpace  will  always  ad  with  more  force,  it  is  doubtful  whether  its  adtive 
power  be  only  increafed  as  the  quantity  is  increafed.  My  reafons  are,  be- 
caufe  certain  experiments  fhew  that  fome  bodies  ad  not  at  all  while  at  a 
diftance;  but  when  brought  to  a  certain  degree  of  nearnefs,  immediately  exert 
certain  powers,  and  produce  certain  new  motions  not  before  obferved  ;  and 
which  become  ftill  greater  and  greater,  the  nearer  the  bodies  are  brought  to  each 
other:  and  again  when  removed  to  fuch  a  diftancefrom  each  other,  asthatthis  re¬ 
ciprocal  virtue  is  deftroyed  by  the  diftance,  all  the  motion  immediately  ceafes. 
Of  this  we  have  an  inftance  in  loadftones,  which  if  one  be  at  reft  in  any 
given  place,  will  remain  fo  for  ever ;  but  if  another  be  brought  gradually 
near  it,  you  will  find  a  certain  point  of  diftance  wherein  it  immediately 
begins  to  move  and  agitate  the  former  •,  and  as  you  bring  it  ftill  nearer  and 
nearer,  both  of  them  will  move  ftill  more  evidently;  the  caufe  that  produces 
the  motion  being  continually  increafed,  as  the  nearnefs  of  the  bodies  increafes; 
the  ratio  or  meafure  whereof  is  hitherto  unknown,  though  for  fome  cogent 
reafons  the  great  Newton  fufpedts  it  to  be  nearly  in  the  triplicate  reciprocal 
ratio  of  the  diftances. 

182.  To  determine  this  more  accurately,  the  learned  M.  Mufchenbroek^ 
profefl'or  in  the  univerfity  of  Utrecht ,  has  taken  laudable  pains,  not  with¬ 
out  fuccefs.  Let  us  fuppofe  feveral  loadftones  of  equal  power  fufpended  in  a 
fpherical  furface,  at  fuch  diftance  from  each  other,  that  they  almoft  begin 
to  feel  their  mutual  powers  ;  and  fuppofe  thereby  a  very  flow  approach  to¬ 
wards  the  centre  of  the  fphere,  as  they  gradually  come  nearer  each  other; 
an  extraordinary  kind  of  motion  will  doubtlefs  immediately  arife  in  them  all, 

though 
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though  ever  fo  many.  But  fuppofe  them  all  remaining  at  reft  at  a  certain 
diftance,  and  let  one  of  them  be  then  placed  in  the  centre  of  fuch  fphere  ; 
from  that  moment  a  motion  will  doubtlefs  arife  in  them  all,  not  one  of  them 
remaining  in  its  former  fituation ;  and  as  they  again  begin  to  approach  nearer 
the  centre,  at  every  new  diftance  another  greater  motion  will  be  continually 
perceived,  in  regard  that  in  every  new  place  a  new  adion  will  be  produced 
between  the  attracting  and  repelling  poles.  The  like  might  be  flhewn  in  air, 
and  numerous  other  bodies :  for  our  prefent  purpofe  the  Angle  inftance  above 
may  fuffice.  If  then  the  like  power,  or  perhaps  a  greater  be  found  in 
the  particles  of  fire,  it  will  follow,  that  upon  bringing  them  clofe  together 
their  adion  will  be  vaftly  increafed  ;  which  is  fcarce  perceived  at  all  while 
they  remain  feparate  :  fo  that  the  fire  in  fuch  focus  may  acquire  a  power  of 
changing  bodies,  much  greater  than  what  arifes  from  the  bare  quantity  and 
number  of  the  particles  brought  together.  In  effed,  the  truth  of  this  has 
been  long  found  from  experiment :  for  if  a  thermometer  be  placed  in  a  cold 
winter’s  air  at  noon-day  in  a  place  illumin’d  by  the  fun,  it  will  only  ftand  at 
20  degrees  ;  yet  at  the  fame  time  ftone  will  immediately  melt  and  vitrify  in 
the  focus  of  Villette* s  fpeculum  :  what  effeds  ftiall  we  then  exped  from  it,  if 
a  body  be  applied  in  the  axis  of  a  fpeculum  only  5  inches  diftant  from  the 
focus,  where  the  heat  obferved  is  fcarce  190  degrees  *,  and  it  is  manifeft  that 
fuch  a  difference  could  not  arife  from  the  mere  difference  of  denfity,  but 
that  there  muff  be  fome  new  agitation  produced  in  the  particles  by  the  near- 
nefs  of  their  contad.  And  we  have  already  fhewn  the  proper  virtue  of 
fire  to  be  that  whereby  it  expands  both  itfelf,  and  all  other  bodies  it  ads 
upon  :  it  is  poflible,  that  this  virtue  may  be  vaftly  increafed  by  the  collect¬ 
ing  of  its  particles  together  •,  and  hence  perhaps  its  power  may  in  a  moment 
be  fo  confiderably  augmented. 

183.  Laftly,  it  does  not  appear,  whether  the  refleding  power  in  the  parts  The  curvature 
of  the  fpeculum  be  equally  great  about  its  axis,  with  regard  to  which  the  °{the 

rays  fall  parallel,  as  about  the  extremer  parts  of  the  furface  of  the  fpeculum •,  um 
and  confequently  it  may  be  doubted  whether  all  the  rays  repelled  from 
any  point  of  the  fpeculum,  and  colleded  together  in  the  area  of  the  focus, 
be  refleded  thither  with  equal  force  •,  fo  as  that  the  power  of  the  colleded 
rays  correfpond  to  the  number  thereof. 

COROLLARY  VIII. 

184.  I  have  had  many  thoughts  concerning  the  manner  of  bringing  thefe  Away  of 
things  to  fome  kind  of  certainty  ;  and  have  at  length  difcover’d,  that  if  any  c°,nPutl”Z  the 
part  of  a  fpeculum  be  cover’d  with  a  dark  opake  matter,  yet  the  rays  from-'°m  °J  ^ r  ' 
all  the  other  uncovered  parts  will  ftill  meet  in  the  fame  focus,  without 
deviating  therefrom  ;  from  whatever  part  of  the  fpeculum  they  came,  or 
whatever  part  of  it  were  covered.  If  then  we  conceive  the  whole  aperture 

of  the  fpeculum  covered  with  a  brazen  circle,  there  will  be  no  rays  received, 
nor  any  refleded  *,  but  as  we  may  divide  this  circle  into  as  many  equal 
parts  from  the  centre  as  we  pleafe,  we  may  by  means  of  a  circle  thus  divided, 
admit  or  feclude  as  many  particles  of  the  rays  falling  on  the  whole  plain  as 
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we  pleafe  -,  confequently  in  this  manner  we  may  know  the  certain  propor¬ 
tion  of  the  rays  admitted  in  refpeCt  to  the  whole  plain.  Thus,  for  inftance, 
we  may  admit  half  the  rays,  or  a  third  part,  or  a  thoufandth  part,  or  any 
other  which  we  chufe  to  be  collected  in  a  focus  ;  and  we  may  alfo  compare 
the  fire  thus  collected  in  the  focus,  and  hence  infer  whether  the  power 
of  the  fire  thus  produced  be  as  the  number  of  the  rays,  or  in  any  other  pro¬ 
portion.  In  effeCl,  by  this  way  we  may  divide  the  rays  of  light  which  fall 
on  the  whole  aperture  of  Villette* s  fpeculum,  in  any  given  ratio  in  which  a 
circle  is  geometrically  divifible,  and  thus  examine  the  power  of  all  thofe 
fires. 


COROLLARY  IX. 

185.  If  by  proper  experiments  it  be  foijnd,  that  the  part  of  the  circle 
which  admits  rays,  collects  fo  much  heat  in  the  focus  as  is  neceflary  to  make 
water  boil  therein  -,  and  then  fuch  another  part  of  the  fpeculum  be  laid  open 
as  produces  a  heat  in  the  focus,  which  raifes  the  mercury  in  the  barometer 
to  424  degrees,  we  fhall  then  have  produced  double  the  degree  of  heat, 
confider’d  as  it  difcovers  itfelf  by  the  dilatation  of  mercury  j  and  after  the 
fame  manner  we  may  try  what  proportion  the  aperture  of  the  fpeculum  in 
this  heat,  bears  to  that  aperture  of  the  fpeculum  which  produced  double 
the  heat :  by  thus  comparing  the  fpaces  of  the  apertures,  and  the  effects  or 
degrees  of  heat  produced  thereby,  we  may  at  length  find  what  the  number 
of  rays,  and  what  the  uniting  or  collecting  them  together  contributes  to  their 
force  ;  which  would  be  of  great  importance  in  the  hiftory  of  fire,  and  would 
abundantly  evince,  that  the  whole  power  of  fire  does  not  depend  on  the 
mere  quantity  of  the  rays,  but  on  their  clofenefs  to  each  other.  This  the 
few  experiments  we  have  had  opportunity  of  making  with  burning  fpe- 
culums  clearly  fhew  ;  fo  that  the  utmoft  force  of  fire  hitherto  known  and 
produced  in  one  fimple  manner,  may  now  be  fufficiently  conceived  from  the 
quantity  of  folar  rays,  tranfmitted  by  a  circle  of  3  feet  7  inches  diameter  in 
winter-time.  If  the  fame  rays  had  continued  on  without  any  obftacle  to  re¬ 
flect  them,  they  would  only  have  produced  a  fmall  degree  of  warmth  in  the 
air ;  and  if  they  had  ftill  proceeded  ftrait  on  to  a  thinner  air,  the  heat  thence 
arifing  would  have  gradually  decreafed,  and  at  length  perhaps  a  degree  of 

cold  been  occafion’d,  beyond  any  hitherto  obferved. - From  all  which  it 

appears,  what  wrong  notions  people  commonly  have  of  the  nature,  and  ac¬ 
tion  of  fire :  it  being  clear,  that  the  greateft  fire  ever  known  to  mankind, 
only  differs  from  the  greateft  cold,  by  the  aCtion  of  a  reflecting  body.  From 
whence  we  again  infer,  that  fire  is  equably  diffufed  through  all  bodies  and 
fpaces  i  but  that  it  exerts  no  aCtion  where  there  is  no  body  to  receive  and 
reflect  it.  And  as  the  aperture  of  fuch  fpeculums  may  be  increafed  ad  infi¬ 
nitum,  it  follows  that  there  is  no  limit,  beyond  which  the  force  of  fire  may 
not  be  raifeck 
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COROLLARY  X. 

1 86.  No  fi  e  has  hitherto  been  difcover’d  greater  than  that  in  the  focus  The  hlgheft 
of  M.  Villette’ s  fpeculum,  which  furpafies  even  what  is  produced  by  effect  of  fir* 
M.  Tfchirnhaufe’s  burning-glaffes.  Hence,  the  ultimate  effedt  of  any  mo-  ^]0„an  attri” 
mentary  adtion  of  fire  hitherto  obferved,  is  to  turn  flint  to  glafs  ;  which  is 

done  in  the  focus  of  Villette's  fpeculum:  nor  has  any*  effedt  greater  than  this 
been  ever  known.  For  though  lightning  will  inftantly  melt  iron,  it  has 
never,  I  think,  been  known  to  vitrify  either  ftones  or  metals.  It  may  be 
added,  that^his  effect  of  vitrification  may  be  produced  in  a  moment’s  time, 
in  the  coldeft  place,  and  the  coldeft  bodies,  without  any  affiftance  of  the 
fun,  without  light,  and  without  fewel.  Confequentlv  the  utmoft  effedt,  even 
of  the  greateft  fire,,  may  be  had  at  any  time,  in  the  darkeff  place,  and  the 
coldeft  bodies.  For  if  in  the  fevereft  winter’s  night,  a  piece  of  flint  and 
well  tempered  fteel  be  ftruck  againft  each  other,  they  will  yield  live  fparks, 
which  will  diffuft  a  vivid  glittering  light,  and  yield  abiding  noife  as  they  fly 
through  the  air.  And  if  thefe  be  caught  on  a  piece  of  clean  paper,  they 
will  be  found  to  be  glafs-fpherules,  form’d  of  the  flint  or  fteel,  or  both, 
melted  down,  and  vitrified,  and  in  their  rotation  through  the  air  turn’d  of 
this  figure.  Yet  the  converfion  of  ftones  and  metals  to  glafs  is  the  utmoft 
effedt  of  the  fierceft  fire.  It  appears  then,  that  a  momentary  fridtion  may 
adt  as  powerfully  as  the  largeft  burning-glaffes.  Confequently,  if  a  huge 
mafs  of  the  beft  prepared  fteel  were  ftruck  againft  another  vaft  lump  of  the 

choiceft  flint,  what  an  immenfe  fire  may  we  fuppofe  would  arife  ? - Thus 

much  for  the  other  manner  of  producing  a  large  fire  in  the  fhorteft  time;, 
viz.  by  the  eolledting  of  parallel  and  reflected  rays  into  a  fmalLpoint, 

EXPERIMENT  XVL 

187.  If  the  fame  fire,  driven  into  a  parallelifm  by  the  fun,  fall  upon  a  The  dioptrical 

tranfparent  well-polifhed  glafs,  of  a  perfedtly  fpherical  figure  j  it  will  be  col-  production  of 
ledted  into  a  focus,  and  burn  very  fiercely.  fre' 

188.  This  has  been  obferved  long  ago,  but  never  with  fo  much  accu¬ 
racy  as  in  the  Duke  of  Orleans ’s  burning-glaffes,  in  the  king’s  garden  at 
Paris  ;  where  divers  experiments  were  made  to  difcover  the  nature  of  fire  : 
which  will  be  thought  neceffary  to  be  here  hiftorically  related,  both  as  they 
give  a  confiderable  infight  into  the  dodtrine  of  fire,  and  as  their  effedt  was 
the  greateft  that  has  been  obferved  of  the  kind  ( u ). 

189.  A  fpherical  glafs  of  this  fort,  four  feet  in  diameter,  and  convex  on 
both  fides,  being  oppofed  diredtly  to  the  fun,  in  the  fummer-feafon,  when 
the  air  was  clear,  and  purged  of  its  water  by  preceding  rains,  between  the 
hours  of  nine  in  the  morning  and  three  in  the  afternoon,  made  its  focus 
about  twelve  fee t  diftant  from  the  glafs  ;  the  focus  being  an  inch  and  half 
in  diameter  :  which  was  that  ufed  by  M.  Tjchirnhaufe  himfelf. 

1  go, 

(u)  See  Hiji.  de  l' Acad,  R.  des  Sciences s  an.  1699.  90.  1700.  128.  1 702.  34* 
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190.  All  combuftible  bodies  placed  in  this  focus  immediately  burn  ;  lead 
melts  inftantaneoufty  ;  and  tiles  vitrify,  if  long  enough  held  in  it.  From 
a  comparifon  of  this  with  what  has  been  above  delivered  concerning  the 
force  of  Villette’s  burning  fpeculum,  we  may  draw  the  following  corol¬ 
laries. 

COROLLARY  I. 

19 1.  The  diameter  of  Villette* s  fpeculum  was  43  inches  4  and  confe¬ 
quently  its  circumference-—.  The  diameter  of  M.  Tfckirnhaufe’s  fpherical 
glafs  was  48  inches  ;  and  confequently  its  circumference  —A  The  quantity  of 
rays,  therefore,  which  fall  within  the  compafs  of  the  glafs,  will  be  to  the 
quantity  of  thofe  which  fall  on  the  fpeculum,  as  2304  to  1849:  yet  the 
effed  of  the  fpeculum  is  much  greater  and  quicker  than  that  of  the  glafs. 

COROLLARY  II. 

192.  Whence  it  alfo  follows,  that  catoptrics,  if  duly  improved,  would 
preferve  the  rays  it  receives  and  refleds  more  entire  than  dioptrics  could 
do,  tho’  improved  to  the  higheft  point :  a  great  number  of  rays  appearing 
to  be  loft  in  colleding  them  dioptrical ly. 

COROLLARY  III. 

193.  The  difference,  however,  is  very  great  between  the  focus’s  of  the. 
two.  The  aperture  of  M.  Villette ’s  fpeculum  is  fquare  inches  j  and 
its  focus  fquare  lines.  The  area  of  M.  Tfchirnhaufe' s  glafs  is  fquare 
inches  ;  and  its  focus  fquare  lines.  Confequently,  the  focus  of  the  fpe¬ 
culum  is  to  the  focus  of  the  glafs  as  1  to  9.  From  whence,  again,  it  ap¬ 
pears,  how  much  the  manner  of  producing  fire  by  reflexion  has  the  advan¬ 
tage  of  that  by  refradion.  Confequently  the  power  of  fire  will  be  pro¬ 
moted  much  better  by  opake  fpecula,  than  by  tranfparent  glaffes  •,  in  regard 
a  fpherical  glafs  of  four  feet  diameter  is  the  greateft  that  the  glafs-man’s  art 
has  yet  been  able  to  produce  :  whereas  the  making  of  fpecula  does  not  yet 
appear  to  have  arrived  at  its  utmoft  pitch  ;  though  it  muft  be  own’d  our  ex- 
pedations  from  this  quarter  are  not  very  great.  Who  can  forbear  lamenting, 
that  no  prince  fhould  be  found  to  reward  thofe  incomparable  artifts  for  what 
they  had  done,  and  hereby  animate  them  to  further  attempts  !  Such  is  the 
unhappy  fate  of  the  fineft  arts ! 

EXPERIMENT  XVII. 

194.  The  noble  Tfchir/ihaufe  did  not  reft  fatisfied  with  the  fuccefs  of  the 
foregoing  experiment,  but  applied  himfelf  to  contrad  the  extent  of  the  for¬ 
mer  focus  into  lefs  compafs  ;  that  by  thus  colleding  the  rays  ftill  clofer,  their 
power  of  burning  might  be  increafed.  To  this  end  he  made  ufe  of  a  leffer 
glafs,  the  fegment  of  a  fmaller  fphere,  which  being  placed  diredly  parallel 
to  the  former,  received  all  its  rays,  as  they  went  converging  to  the  focus  of 
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the  former  larger  glafs,  and  collected  them  into  a  circular  fpace,  of  about 
8  lines  diameter.  So  that  by  this  new  collection  they  were  reduced  from  8  r 
fquare  lines  to  16.  Hence  he  gain’d  indeed  in  the  clofenefs  of  the  rays; 
but  by  this  new  refraCtion  loft  many  of  the  rays  again.  On  the  whole  how¬ 
ever,  the  power  of  burning  was  confiderably  greater  than  before.  And  here  * 

the  endeavours  of  that  excellent  perfon  hopped. 

195.  Having  now  explain’d  the  capital  methods  hitherto  difcovered  of 
producing  fire  by  catoptrics  and  dioptrics,  it  remains  to  rehearfe  the  extra¬ 
ordinary  effeCts  produced  in  bodies  by  means  of  thefe  glaffes  ;  that  the  che- 
mifts  may  be  convinced  there  is  no  need  of  any  grofs  fire  to  produce 
even  much  greater  effeCts,  than  any  of  thofe  wrought  in  the  furnaces  of 
glafs-men,  affayers,  or  refiners  of  metals.  Nor  will  any  perfon  except  a- 
gainft  my  relating  thefe  after  the  Academy  of  Sciences;  whofe  Memoirs  are 
not  in  the  hands  of  every  body  :  And  in  treating  profeffedly  on  the  fubjeCt 
of  fire,  it  had  been  a  fault  to  have  omitted  them. — The  principal  are  thele  : 

196.  (1)  Moift  branches  of  green  trees,  and  woods  foak’d  in  water,  being  The  principal 

applied  in  the  focus,  immediately  burn  and  confume  in  flame,  fmoke,  and’  effetls  °f  theft 
afhes.  fire5% 

197.  (2)  A  little  veffel  of  water  placed  in  the-  focus  immediately  boils. 

We  wifh  it  had  been  tried  by  Fahrenheit' s  mercurial  thermometer,  whether 
this- boiling  water  were  hotter  than  water  is  heated  in  the  ufual  manner;1 
when  it  heats  in  all  cafes  alike. 

198.  (3)  Thin  pieces  of  metal  applied  in  the  focus  do  not  immediately 
melt,  but  growing  gradually  hot,  at  length,  run.  If  they  be  too  thick  for 
the  power  of  the  focus  to  penetrate,  they  fcarce  melt  thoroughly. 

199.  (4.).  Tiles  burnt,  or  dried  in  the  fun,  alfo  talc,  and  other  bodies, 
grow  red-hot  in  a  moment,  and  foon  after  turn  to  glafs. 

200.  (5)  Sulphur,  pitch,,  and  rofin,  being  covered  over  with  water,  melt 
under  it. 

201.  (6)  A  piece  of  flender  wood  being  put  under  water  in  the  focus,  in1 
the  fummer-time,  and  kept  there  a  while,  appears  to  remain  entire,  when 
viewed  on  the  outfide  ;  but  upon  breaking  the  wood,  is  found,  on  the  in- 
fid  e  turn’d  to  coal  and  burnt.  This  feems  to  prove,  that  fo  intenfe  a  fire 
can  only  heat  water  to  a  certain  degree  ;  which  being  too  weak  to  burn 
wood,  hinders  the  fire  diredted  under  the  water  from  burning  the  wood  in 
that  part  contiguous  to  the  water. 

202.  (7)  If  the  matter  intended’  to  be  changed,  be  expofed  in  a  black 
receiver,  the  power  of  the  focus  isTurprizingly  increafed. 

203.  (8)  If  metals-,  or  other  bodies  examined  by  this  fire,  be  laid  on  a 
coal  made  of  green  wood,  and  not  thoroughly  dried,  they  inflantly  melt,  - 
emit  fparks,  and  fly  off.  Lead  and  tin  quickly  melt,  and  not  only  fume, 
but  calcine,  vitrify,  and  are  loll. 

204.  (9)  The  afhes  of  all  vegetables  prefently  vitrify. 

205.  (10)  If  any  entire  large  body  be  applied  to  the  focus,  it  frequently 
proves  unable  to  melt  it ;  yet,  when  ground  to  powder,  eafily  performs  the 
liquefaction  ;  and  when,  after  this  preparation,  it  flill  refufes  to  melt,  it  is 
eafily  made  to  fufe  by.  adding  fome  fait.  - 
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206.  (11)  Black  bodies,  and  fuch  as  remain  black  in  this  fire,  undergo 
the  greateft  change  of  ail  others.  Bodies  that  are  white  when  expofed,  and 
which  afterwards  turn  white  in  the  fire,  change  more  flowly,  and  with 
greater  difficulty  ;  and  thofe  which  being  black  at  the  time  of  their  ex¬ 
posing,  and  afterwards  become  white,  are  the  mod  difficult  of  all  to  change  ; 
efpeciahy  if  they  turn  white  after  fufion. — Laftly,  fuch  bodies  as  remain 
perfectly  white  in  this  focus,  undergo  the  leaf:  change  of  all  others  5,  as  lime, 
chalk,  and  flint. 

207.  (12)  All  metals,  expofed  in  an  unglazed  china- veffel,  vitrify  ^  pro¬ 
vided  the  china  be  gradually  heated,  to  prevent  its  breaking  by  too  Sud¬ 
den  a  fire*,  and  is  like  wife  thick  enough  to  prevent  its  fufing. 

208.  (13)  If  the  matter  to  be  tried  by  this  fire,  be  expofed  in  a  large 
giafs-veffel,  and  the  focus  be  carefully  directed  within  the  cavity  of  the 
veffiel,  fo  as  to  fall  on  the  matter  to  be  changed,  but  not  on  the  glafs  i 
Several  extraordinary  phenomena  will  arife  therein. 

209.  (14)  Nitre  being  put  in  fuch  a  veffiel,  and  expofed  .after  this  man¬ 
ner,  becomes  wholly  volatile  in  a  moment’s  time,  and  turns  to  volatile  Spi¬ 
rit  of  nitre  :  an  effedl  the  more  extraordinary,  in  regard  nitre,  melted  by 
any  other  fire.  Scarce  changes  at  all,  but  runs  like  water  :  and  to  turn 
it  to  Spirit  by  force  of  fire,  there  is  always  required  a  mixture  of  Some  ter- 
reftrial  body,  or  the  addition  of  true  oil  of  vitriol,  or  the  calx  wherein  the 

.  oil  of  vitriol  ftill  remains  ;  whereas  in  the  above  experiment  the  bufinefs  is 
done  without  any  addition  at  all. 

210.  (15)  The  utmoft  light  of  the  full  moon  collected  by  this  glafs,  yields 
a  moft  lucid  focus,  but  no  heat  at  all. 

21 1.  (16)  It  moves  and  agitates  almoft  all  bodies,  even  in  vacuo  itfelf, 
tho*  often  not  without  great  danger. 

212.  From  all  which,  and  many  other  experiments,  it  appears  that  this 
focus  made  by  M.  'Tfchirnkanfe ,  is  weaker  than  that  of  M.  Vilktte* s,  and  yet 
fitter  for  examining  the  nature  of  fire  by  its  effects. 

COROLLARY  I. 

/ 

213.  If  the  water,  or  Shivers  of  ice  in  the  atmofphere,  be  by  any  phy- 
ffical  caufes  gather’d  into  vaft  globes  of  clouds,  fo  as  to  form  tranfparent 
bodies  of  a  Spherical  figure,  tho’  they  fhould  only  continue  fo  the  fmall- 
eft  Space  of  time,  yet  being  illumin’d  by  the  fun  at  a  femidiameter’s  diftance 
from  the  hind  part,  they  may  in  an  inftant  produce  a  focus  much  more 
violent  than  that  of  ‘Tfchirnhaufe’s  glafs,  rarify  the  air  in  that  place  to  a 
prodigious  degree,  and  thus  yield  very  Sudden  and  extraordinary  pheno¬ 
mena.  If  we  refledt  on  the  great  clearnefs  and  purity  of  water  railed  into 
the  atmofphere,  and  at  the  fame  time  confider  what  a  large  quantity  hereof 
is  frequently  poured  down  in  rain  in  a  Snort  time,  it  will  net  be  difficult  to 
imagine,  from  the  principles  of  dioptrics,  what  the  effedt  muft  be  of  a  huge 
Sphere  thus  amaffed.  And  if  we  further  confider,  that  the  rays  in  falling 
on  fuch  a  Sphere,  and  paffing  through  the  fame,  muft  produce  an  intenfe 
light  and  fire  in  the  axis  of  the  fun  and  Sphere,  behind  the  Sphere  itfelf ; 
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and  that  on  the  fide  illumin’d  by  the  fun,  there  will  no  light,  but  a  denfe 
blacknefs  appear,  we  fiiall  be  apt  to  conclude,  that  fomething  of  the  like 
kind  may  be  the  cafe,  when  we  find  the  heavens  full  of  black  clouds,  which 
prefently  after  burft  into  thunder  and  lightning.  Another  effedl  of  this 
fpherical  form  of  clouds  is,  that  the  fpaces  intercepted  between  them  differ 
exceedingly  in  their  degree  of  light,  or  heat,  from  the  fpheres  themfelves  ; 
from  whence  again  there  mull  every  moment  arife  ftrange  varieties  between 
the  air,  rarified  and  heated  in  one  place,  and  condenfed  and  cooled  in  an¬ 
other  :  which  may  be  varying  every  moment.  ’Tis  enough  to  have  men¬ 
tioned  thefe  matters,  which  if  carefully  applied  to  meteors,  will  enable  us 
tQ  account  readily  for  their  appearances. 

COROLLARY  II. 


214.  Be  pleafed  now  to  recoiled  what  I  before  intimated,  viz.  that  Fire  by  colli- 
the  mere  attrition  of  flint  againfl  fteel  will  make  a  greater  and  quicker  feon  quicker 
change  in  bodies,  and  vitrify  metals  more  readily  than  the  greatefl  doubled  a”dft'°ng‘r 
focus  of  a  burning-glafs.  This  is  apparent,  in  regard  that  Villette's  fpeculum  6  l°^ 
is  much  more  powerful  than  Ffchirnhaufe' s  glafs ;  and  yet  the  collifion  of 
iron  turns  that  metal  into  glafs  fooner  than  is  done  by  the  focus  of  that  fpe¬ 
culum  :  whence  we  have  a  new  indication  of  the  vaft  power  of  elaftic  folid 
bodies  ftruck  againfl:  each  other. 


COROLLARY  III. 

215.  Hence  we  gather,  that  there  is  no  need  of  any  adtion  of  the  fun  The  fun  not 
hitherto  known,  in  order  to  produce  the  greatefl  and  moft  efficacious  fire  requifitetopro- 
hitherto  difcovered  ;  nor  is  there  need  of  any  inflammable  matter  or  fewel  duce  the  in¬ 
to  melt  a  metal,  of  all  others  the  moft  difficult  to  fufe,  in  a  moment’s  time,  ene  ^ 
and  this  even  in  the  coldeft  weather  and  place,  without  any  melting  fur¬ 
nace,  or  even  without  any  veflel  to  contain  the  matter :  all  which  paradoxes 
are  confirmed  by  the  common  way  of  producing  fire. 


COROLLARY  IV. 

216.  I  have  been  in  fufpenfe  fome  time,  whether  or  no  I  might  ven-  The  fun  may 
ture  to  publilh  an  opinion,  which  has  frequently  employ’d  my  thoughts ;  emit  no  fire, 
and  at  length  have  determined  to  do  it.  It  is  probable,  that  in  the  ac¬ 
tion  of  fire  obferved  among  us,  the  fun  does  not  emit  any  fiery  matter,  to 
which  fuch  adtion  ftiould  be  attributed  ;  but  that  this  luminary  only  has  a 
power  of  directing  the  fire  already  exifting  in  any  place,  into  parallel  right 
lines,  from  whence  the  fame  quantity  of  fire  being  again  collected  out  of 
its  parallelifm  by  refledtion  or  refradtion,  and  united  ftill  clofer,  acquires 
new  powers,  and  thus  is  enabled  to  produce  all  its  effedts.  To  illuftrate 
this  by  an  eafy  experiment  ;  fuppofe  a  hollow  brafs  cube,  upwards  of  three 
inches  fquare,  and  clofed  every  way,  except  that  one  fide  being  taken  off, 
it  is  left  open  there  •,  and  fuppofe  this  cube  diredtly  oppofed  by  its  open 
fide  to  the  fun,  only  cover’d  with  a  white  paper;  in  the  cavity  of  it 
apply  M.  Fahrenheit's  tender  thermometer,  which  confifts  of  a  movable  fpi- 
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rit ;  while  the  paper  prevents  the  fun’s  rays  from  penetrating  the  cavity  of 
the  cube,  and  if  the  wea  her  be  cold,  we  fhall  find  an  intenfe  cold  in  the- 
whole  vacant  fpace  of  the  cube  ;  take  away  the  paper  at  once,  and  at 
the  moment  that  the  cavity  of  the  cube  is  illuminated  by  the  fun,  there 
immediately  arifes  a  confiderable  heat,  which  the  thermometer  indicates.. 
Philofophers  ufually  maintain,  that  the  heat  here  admitted  was  fent  from 
the  fun’s  body,  with  a  velocity  fcarce  to  be  conceived  ;  to  me  it  ra¬ 
ther  appears,  that  the  fun  has  only  done  now  what  it  did  before,  and  which, 
it  always  does,  viz.  determine  what  we  call  fire  into  right  lines,  which  can 
now  reach  the  opake  body  without  any  obftacle,  and  thus  drives  the  fire,, 
which  before,  while  the  paper  interpofed,  was  equably  diffufed  through  the. 
fix  containing  fquares  ;  drives  it,  we  fay,  without  altering  its  quantity,  in 
right  lines  againft  one  fide  oppofite  to  the  open  one,  and  thus  heats  the 
whole  cavity,  but  efpecially  fuch  fide  ;  by  merely  directing  the  rays,  and  not 
by  any  increafe  of  their  number.  Or  fuppofe  M.  Villette’s  fpeculum  to  be  di¬ 
rectly  oppofed  to  the  noon-day’s  fun,  but  covered  over  with  a  white  veil, 
we  fliall  have  no  more  fire  or  heat  produced  in  its  cavity  behind  the  veil, 
than  at  any  where  elfe  *,  but  at  the  inftant  you  remove  the  veil,  the  fire, 
which  before  remain’d  indetermined  in  the  cavity  of  the  fpeculum,  is  driven 
in  parallel  lines  againft  the  concave  reflecting  furface  of  the  fpeculum  ;  by 
which  means  that  vehement  fire  is  produced  in  its  focus,  and  not,  as  ufually* 
imagined,  projected  from  the  fun  :  in  effect,  ’tis  neither  more  nor  lefs  now' 
than  before,  but  only  in  a  different  direction :  the  fame  will  hold  in  a  refrac¬ 
ting  burning- glafs  i  and  thus  neither  the  fire  produced  by  collifion,  nor  by 
a  burning  fpeculum,  nor  a  glafs  lens,  appears  to  owe  any  thing  of  its  matter 
to  the  fun. 


COROLLARY  V. 

The phyfical  2i  7.  From  what  has  been  obferved,  it  appears,  that  the  greateft  fire  which 
means  of fro-  human  art  and  itiduftry  is  able  to  raife,  is  that  where  the  focus’s  of  Villettf  s 
ducing themoji  fpeculum  and  Tfchirnhaufe’ s  glafs  fhould  meet  directly  in  the  fame  point  : 
violent  fa  e.  por  as  ^  focus  0y  the  fpeculum  in  the  open  air  rifes  to  3  foot  and  an  half  di- 
ftance  from  it  in  the  axis  of  the  fpeculum,  we  may,  without  hindering  the 
action  of  the  fun  on  the  fpeculum,  apply  the  burning-glafs  before  it  in  the 
fame  axis  of  the  fun  and  fpeculum,  and  in  fuch  difpofitions,  as  that  the  focus 
of  the  glafs  exactly  fall  on  the  rifing  focus  of  the  fpeculum  :  in  the  point  of 
concourfe,  therefore,  between  the  two,  we  rauft  have  the  fierceft  fire,  that 
any  human  means  hitherto  difcover’d  are  able  to  produce.  It  muft  be  own’d 
the  action  of  fuch  fire  cannot  be  fo  commodioufly  determined  upon  objects, 
except  in  the  very  moment  when  they  are  applied  in  this  focus*,  fince  the 
inftant  they  melt,  they  will  drop  out  of  it.  To  conclude,  if  it  be  not  con¬ 
trary  to  nature  to  fuppofe  fpherical  hollow  icy  clouds  accommodated  to  each 
other  in  the  air,  after  the  manner  above  fpecified,  what  effects  may  not  be 
produced  thereby  ? 
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COROLLARY  VI. 

218.  Suppofe  then  the  higheft  degree  of  fire  prefent  in  fuch  place  *,  this  And  of  great 
muft  doubtlefs  remain  as  long  as  the  axes  of  the  fun,  the  burning-glafs,  and 
fpeculum,  remain  in  the  fame  right  line,  and  their  fituations  at  the  fame  fen/jeL 
diftance ;  confequently,  if  the  paths  of  the  fun,  the  glafs,  and  fpeculum, 

be  continually  kept  in  the  fame  fituation,  this  immenfe  fire  may  be  kept  up, 
in  a  clear  day  in  the  fummer-time,  from  nine  in  the  morning  to  three  in  the 
afternoon  ;  yet  without  requiring  any  thing  like  fewel  to  fupport  it  during  the 
whole  period  :  this  gives  us  a  very  different  idea  of  the  higheft  degree  of 
fire,  from  what  has  hitherto  been  conceived.  It  appears,  in  effedt,  that, 
by  the  laws  above  defcribed,  we  may  in  any  place  of  the  univerfe  produce  a 
fire  of  any  aflignable  degree  of  force  and  magnitude  ;  and  this  durably  and 
equably  without  the  help  of  any  fewel. 

COROLLARY  VII. 

219.  The  chief  thing  furprifing  in  this  fire  is,  that  at  the  moment  where-  Aaingfirong- 
in  its  caufe  is  produced  by  a  due  apparatus,  it  is  found  prefent  in  all  its  h  in  an  in~ 
force,  and  thus  immediately  adts  with  the  whole  violence  wherewith  it  will  ^ ant‘ 

ever  adt  hereafter.  Another  thing  confiderable  is,  that  at  the  inftant  when 
this  fire  is  exerting  its  utmoft  power,  if  the  glafs  be  but  covered,  the  whole 
ceafes  at  once,  without  the  fmalleft  fenfible  remains  of  it.  But  that  light, 
heat,  rarifadtion,  and  all  its  other  effedts  fhould  perffti  fo  entirely,  in  fo 
fhort  a  time,  without  leaving  any  thing  in  the  place  where  they  all  obtain’d 
.in  fo  high  a  degree,  muft  be  hard  to  conceive.  Yet  the  fire  of  the  focus 
here  defcribed  does  not  fhew  itfelf  by  any  brightnefs,  except  juft  in  the  focus 
of  the  fun  and  fpeculum,  nor  yields  any  vifible  light  on  the  fides  thereof  % 
confequently  we  have  no  indication  of  its  prefence  by  light,  except  the  eye 
be  placed  in  the  axis,  where  the  immenfe  fplendor  would  inftantly  deftroy 
all  fenfe  of  feeing. 

COROLLARY  VIII. 

220.  From  a  confideration  hereof  we  difcover  that  other  wonderful  pro-  whence  anew 
perty  of  fire,  whereby,  when  alone,  it  is  found  to  have  a  phyfical  power  of  notion  of  the 
expanding  itfelf  equally  from  the  centre  of  its  mafs,  in  a  kind  of  radii,  to-  nature  of  fire. 
wards  all  parts  *,  and  as  fire  is  every  where  the  fame,  this  power  will  alfo 

be  every  where  the  fame  :  but  when,  on  any  account,  this  equality  or  bal- 
lance  of  power  is  deftroyed,  ftupendous  effedts  muft  neceftarily  arife ;  and 
hence  fometimes  a  wrong  conceived  opinion,  that  fire  is  then  produced  anew, 
or  that  its  power  is  fome  way  increafed. 
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‘That  fire  may 
be  united  and 
fix'd  in  bodies 
for  a. time, 


Ylet  remain 
pure. 


EXPERIMENT  XVIII. 

221.  True  fire  may  be  united  with  all  folid  bodies  hitherto  tried;  and 
when  once  united  therewith,  adheres  to  them  a  confiderable  time,  nor  is 
found  to  perifh  or  difappear  in  them  inftantaneoufiy,  as  in  the  focus’s  above 
explain’d. 

222.  Thus,  if  we  try  any  of  the  ordinary  bodies  by  committing  them 
to  any  pure  ftrong  fire,  they  will  be  heated  thereby  to  fuch  a  degree  as  to 
fhine  and  melt :  this  appears  from  the  experiments  of  Tfcbirnhaufe ,  Hom- 
berg,  and  Hartfceker ;  nay,  and  thofe  of  all  fmiths,  cooks,  and  other  per- 
fons  who  ufe  fire,  and  even  from  the  whole  earth  itfelf,  when  illumin’d 
by  the  fun  :  in  all  which  cafes  the  fame  event  of  the  experiment  has  uni¬ 
formly  been  found  ;  e .  gr.  in  all  fixed  earths,  ftones,  gems,  glafs,  fixed 
falts,  woods,  minerals,  and  metals.  To  the  fame  purpofe  is  that  obferva- 
tion  of  the  great  Newton ,  that  water  itfelf,  if  ever  it  could  be  converted 
into  earth,  might  be  fo  impregnated  with  fire  as  to  fhine  ;  nor  does  there 
feem  any  thing  more  remarkable  in  this  affair,  than  that  there  muft  be 
fome other  caufe,  befide  fire,  to  connedl  fire,  fo  long  a  time  to  thefe  bodies;  be- 
caufe  the  fire  in  the  focus  of  Villette’s  fpeculum,  how  vehement  foever,  imme¬ 
diately  perifhes  as  the  illumination  ceafes  ;  and  all  thofe  fires,  before  fo  clofely 
united,  feparate  and  fly  afunder.  But  if  a  ball  of  iron,  a  great  circle  of  which 
is  equal  to  that  of  the  focus  of  the  fpeculum,  be  held  in  it  till  thoroughly 
heated,  the  fire  thus  united  to  the  ball  will  continue  in  it  a  confiderable  time, 
and  exhibit  all  the  marks  of  its  being  prefent ;  fo  that  the  fire  which  had  been 
the  focus,  and  would  immediately  have  flown  off,  being  thus  received  with¬ 
in  the  body,  is  retained  there  a  long  time,  and  hinder’d  from  being  difli- 
pated  and  extinguifhed.  *Tis  hard  to  fay  what  fhould  be  the  caufe  hereof: 
if  we  anfwer  that  it  is  body  ;  it  may  be  afked  again,  in  what  manner  this 
fhould  retain  fire ;  and  whether  in  the  place  where  the  focus  was  before,, 
there  was  nothing  but  fire  alone,  without  any  other  body,  even  the  air  it¬ 
felf  being  expelled  by  the  fire  ?  Whether  the  reafon  of  its  vanifhing  fo  in¬ 
ftantaneoufiy  is,  that  there  was  no  body  to  retain  it ;  whether  the  col¬ 
lected  particles  of  fire,  unlefs  retained  by  fome  denfe  body,  immediately  re¬ 
turn  to  their  native  equilibrium  ;  and  laftly,.  whether  therefore  there  be  no 
mutual  attraction  between  the  particles  of  the  fire  themfelves,  and  whether, 
on  the  contrary,  thofe  particles  do  not  mutually  fly  each  other  ?. 

EXPER  I  M  E  N  T  XIX. 

223.  This  pure  elementary  fire,  while  thus  united  to  bodies,  is  found 
every  moment  in  every  point  of  fuch  bodies  to  have  the  real  phyfical  effeCts 
of  fire. 

224.  For  the  principal  charaCteriftic  of  the  prefence  of  fire  is  difcovered 
upon  examining  it  by  a  thermometer  ;  fince,  as  we  have  already  obferved,  if  a. 
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thermometer  be  held  at  a  certain  diftance  from  a  piece  of  red-hot  iron,  for 
inftance,  the  liquor  in  the  tube  immediately  rarifies,  and  this  continually, 
the  nearer  we  approach  it  to  the  iron  itfelf,  and  the  lefs,  the  further  it  is  with¬ 
drawn  from  it;  nor  does  it  matter  on  what  fide  the  thermometer  be  applied, 
provided  the  diftance  be  the  fame :  the  fire  therefore  now  refiding  in  the 
iron,  in  as  much  as  it  a<fts  on  the  thermometer,  is  the  fame  true  fire  as  be«- 
fore  ;  and  continues  ftill  in  the  fame  place,  without  any  fricftion  or  paralle- 
lifm,  exhibiting  all  the  effe&s  of  elementary  fire.  If  we  approach  a  ful- 
phurous  body  to  the  fame  iron  thus  ignited,  we  fhall  find  that  as  it  comes 
nearer  and  nearer,  it  will  begin  to  fmoak,  melt,  fparkle,  glitter,  and  catch 
flame. 

225.  The  following  experiment  alfo  deferves  particular  notice  :  having  a 
quantity  of  the  pureft  alcohol  in  a  phial,  and  pouring  flowly  and  carefully 
the  minuteft  drop  thereof  on  ignited  iron,  one  would  naturally  expe£t 
that  it  fhould  inftantly  be  kindled  ;  whereas,  on  the  contrary,  it  no  fooner  falls 
upon  the  concave  furface  of  the  iron,  than  it  gathers  into  a  tranfparent  globule 
like  quickfilver,  and  runs  like  the  fame  over  the  metal,  without  any  fign 
of  flame  ;  and  after  in  its  progrefs  it  has  arrived  at  a  colder  part  of  the  iron, 
prefently  flies  off  in  fume,  without  railing  any  fire.  This  appears  ftrange, 
fince  fulphur,  gunpowder,  wood,  and  other  bodies  prefently  kindle,  when 
laid  on  the  fame  iron  ;  while  alcohol,  which  when  gently  heated  kindles  the 
quickeft  of  almoft  all  bodies,  will  endure  this  fire  without  kindling  at  all : 
a  problem  worthy  fome  pains  to  folve. 

EXPERIMENT  XX. 

226.  It  being  found,  then,  that  fire  may  be  thus  detain’d  for  fo  long  Without  in 
a  time,  and  to  fo  great  a  degree  in  a  folid  body,  it  remains  to  enquire  what  creafing 
the  nature  and  conditions  are  of  the  thing  which  thus  adheres ;  and -as  a- 

mong  the  common  properties  found  in  bodies,  weight  is  a  principal  one,  I 
have  endeavoured  to  learn  whether  this  fire  adds  any  fenfible  weight  to  the 
fixed  bodies  it  is  in  ;  and  to  this  purpofe  made  choice  of  fuch  a  body  as 
would  fcarce  lofe  any  weight  by  a  large  fire,  and  which  at  the  fame  time 
would  admit  and  fuftain  a  great  fire  for  a  long  time ;  withal  making  ufe  of  a 
nice  pair  of  fcales,  which  would  turn  eafily  on  their  axis.  Weighing  then  a 
parallelipiped  of  pure  iron  herein,  I  found  it  to  weigh  five  AmJlerdam ■ 
pounds  and  eight  ounces,  while  in  its  cold  ftate  ;  then  expofing  it  in  a  large: 
fire  made  of  pit-coal,  and  further  excited  by  blowing  with  a  pair  of  bellows,, 
till  the  iron  was  heated  perfectly  red  on  all  fides,  I  then  weighed  it,  after 
fhaking  off  the  duft,  in  the  ballance  as  before  ;  putting  the  former  weight 
in  the  other  fcale,  and  ftill  found  it  a  juft  counterballance  thereto  ;  weigh¬ 
ing  exa&ly  five  pounds  eight  ounces  as  before  :  and  leaving  it  in  the  fcales 
till  perfectly  cold,  for  the  fpace  of  twenty-four  hours,  I, found  upon  weigh¬ 
ing  it  again,  that  it  retain’d  precifely  its  weight,  without  either  lofs  or  gain 
in  the  whole  courfe.  The  fame  I  have  alfo  found  in  a  large  folid  body  of; 
copper ;  which  being  tried  with  all  the  conditions  above  fpecified,  the  event 

proved! 
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proved  the  fame.  They  who  make  thefe  experiments  will  be  apt  at  firft  fight 
to  imagine  they  find  the  ignited  body  lighter  than  the  cold  one  ;  the  caufe 
of  which,  on  further  examination,  will  be  found  owing  to  this,  that  the 
firings  of  the  ballance,  whereby  the  fcales  are  faften’d  to  the  beam,  are  lia¬ 
ble  to  be  moift,  and  to  dry  again  by  the  heat  of  the  metal,  which,  when 
put  into  the  fcale  to  be  weighed,  raifts  fome  of  the  watery  part  into  vapour, 
and  makes  that  fcale  lighter  of  courfe  ;  to  prevent  this,  it  may  be  expedient 
to  make  ufe  of  metalline  chains  inftead  of  firings. 

COROLLARY  I. 

-That fin  is  227.  Fire,  therefore,  thus  adhering  to  an  ignited  body,  expands  itfelf  all 

loofie  and free,  around  after  the  manner  of  an  atmofphere  *,  fince  from  every  point  there- 
arid  6 in  we  *ts  v^rtue  diffufed  to  a  confiderable  diflance,  fo  as  to  produce 

jpace,  all  the  effects  belonging  to  fire  j  and  in  this  law,  that  the  nearer  to  the 

ignited  body,  the  greater  is  the  power  ftill  perceived  :  fo  that  a  globe  be¬ 
ing  thus  ignited,  will  form  a  heated,  fphere  all  around  it,  whofe  centre  is 
the  hotted  of  all. 

COROLLARY  II. 


But  firongefi 
in  the  centre 
%f  the  heated 


body. 


228.  Hence  we  learn,  that  a  great  quantity  of  true  fire  is  prefent  in  the 
body  thus  heated,  and  remains  long  in  the  fame.  For  confidering,  that 
in  thefe  pieces  of  iron  and  copper,  a  great  heat  is  produced  to  a  confide¬ 
rable  diflance  on  all  fides,  which  indicates  fire  to  be  prefent  by  thefe  its  di- 
ftinguifhing  effects  ;  and  refedling  alfo,  that  during  the  whole  time  where¬ 
in  this  heat  continues,  the  ambient  cold  of  the  air  is  every  moment  dimi- 
n idling  fomething  of  this  heat ;  it  will  readily  follow,  that  the  quantity  of 
fire  in  thofe  bodies,  when  firft  ignited,  muft  have  been  very  great ;  and 
confequently,  that  in  the  whole  mafs  thus  heated,  the  quantity  of  fire  is 
greateft  in  the  body  itfelf ;  greater  we  mean  than  in  the  adjacent  air  heated 
by  it :  and  again,  that  if  the  body  be  long  enough  detain’d  in  the  fire  to  be 
ignited,  and  penetrated  by  it  through  its  whole  fubftance,  the  heat  will  be 
greateft  and  denfeft  in  the  centre  of  the  body  ;  which  agrees  with  all  ob- 
fervation. 


COROLLARY  III. 

And  'weaker  229.  From  this  centre  towards  the  furface  the  fire  is  continually  weaken- 
as  it  recedes  ing,  by  reafon  the  extreme  furface  is  contiguous  to  the  air,  and  thus  receiv- 
■therefrm.  ing  the  cold  hereof,  is  firft  brought  to  a  ftate  of  coldnefs:  the  fame  alfo  holds 
in  the  aerial  atmofphere  around  it ;  thofe  orbs  whereof  neareft  the  heated 
ball,  will  be  hotteft,  and  the  exterior  and  remoter  colder  and  colder,  to  the 
outmoft  which  is  the  limit  of  heat ;  beyond  which  the  air  is  of  the  natural 
degree  of  coldnefs.  From  hence  again  we  learn,  that  in  the  whole  heated 
ball  the  centre  expands  itfelf  moft  towards  all  fides,  which  is  the  nature  of 
fire,  as  found  greateft  in  the  centre ;  but  the  next  orb,  being  lefs  expanded 
than  the  centre,  will  bound  the  expanfion,  and  in  fome  meafure  refleeft  and 
Jseep  it  again  fomewhat  lefs  hot,  that  is  lefs  expanded,  and  a  little  more 

con- 
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eontra&ed  j  and  as  this  expanfion  and  repulfion  obtains  among  ail  the  orbs 
which  conftitute  the  hot  atmofphere,  it  appears,  that  during  the  whole  time,  Conjlant  ofcil- 
wherein  the  fire  produced  in  that  fphere  continues  beyond  what  is  found  in  T10n  \n,  ,■ 
the  air  not  heated  by  this  fire,  there  is  a  perpetual  vibration  and  repercuf-  m  e  0  u"' 
fion  through  the  whole  ball,  in  the  body  of  it  as  well  as  in  the  ambient  air; 
and  that  this  vibration  is  confiderably  great  and  durable  in  proportion  to  the 
violence  of  the  fire.  Does  not  this  vibration  and  repercufhon  produce  a 
friftion  ?  Or  does  that  fridtion  produce  fire,  as  in  the  manner  of  genera¬ 
ting  fire  above  explain’d.  ?. 

COROLLARY  IV. 

230.  It  were  to  be  wifhed,  that  the  proportional  quantity  of  fire  con-  The  quantity 
tained  in  fuch  a  body  could  be  determined  ;  but  this  is  not  fo  eafy  as  at  firfl:  °f  fire  hardf(y 
fight  may  feem,  by  reafon,  though  from  the  difcovered  effedis  of  fire  we  may  a$&n' 
eftimate  its  power,  we  cannot  eftimate  its  quantity  ;  as  the  augmentation  of 

the  power  of  fire,  arifing  from  the  nearnefs  of  i:s  particles,  is  hitherto  undeter¬ 
mined.  For,  fo  long  as  the  proportion  of  the  power  of  fire  depending  on  its 
denfity  or  clofenefs,  to  that  depending  on  the  quantity  thereof,  is  unknown, 
fo  long  we  fhall  be  unable  to  argue  from  the  effedt  of  fire  to  the  quan¬ 
tity  thereof.  The  greateft  caution  can  never  hurt,  efpecially  in  phyficaf 
matters. 

COROLLARY  V. 

231.  Yet  fire,  while  it  thus  remains  in  a  heated  body,  does  not  feem  to  Fire  does  nor 
unite  with  it  into  one  corporeal  concrete  mafs  ;  fince,  though  greater  than  concrete  with  • 
before,  it  is  not  found  heavier ;  unlefs  we  fuppofe  that  fire  thus  growing  to  hody' 

a  body  may  add  to  its  bulk,  without  increafing  its  weight.  All  we  know 
is,  that  the  extenfion.of  the  heated  mafs  remains  greater,  fo  long  as  the  fire 
remains  in  it. 

COROLLARY  VI. 

232.  Neither  does  fire  diminifh  any  thing  of  the  weight  which  th t’ Nor  make  a 
body  would  have  at  that  time,  and  to  which  cold  fhould  reftore  it;  nothing  tighter. 

■  of  this  kind  appears  from  any  experiment  yet  made. 

COROLLARY  VII. 

233.  Hence  we  are  inclined  to  conceive  this  fire,  e.  gr.  that  diffufed  Eutisindife- 
around  a  ball  of  red-hot  iron,  as  a  fluid,  which  exifts  every  where  both  a-  rent  as  t0 
bout  and  in  the  ball,  and  whofe  parts  are  all  moved  freely  and  indiffe-  ewei&ht' 
rently  therein;  fince  if  there  were  any  determination  in  them  to  one  part 

more  than  another,  it  feems  a  neceflary  confequence,  that  the  body  would 
rather  be  heavier,  or  lighter,  when  heated,  th^n  before. 
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The  caufe  oj 
the  detention 
of  fire  in  bo¬ 
dies , 


Is  the  bulk  Cj 
the  bodjy 


And  quantity 
•f fire. 


COROLLARY  VIII. 

234.  Some  caufe  there  mud  alfo  be  which  makes  the  fire  continue  fo 
long  in  the  heated  body,  and  hinders  it  from  flying  away  as  foon  as  pro¬ 
duced  in  it  ;  Since  in  the  focus’s  of  M.  Villette' s  and  Tfchirnhanfe’s  instruments 
there  are  as  ftrong,  or  even  Stronger  fire  than  in  our  ball  of  iron  ;  and  yet 
that  immediately  and  totally  ceafes,  unlefs  continually  reproduced  in  the  fame 
place  :  fo  that  fire  cannot  preferve  itfelf  in  a  place  it  has  pofTeffed,  but  needs 
Something  elfe  different  from  it  to  retain  it  therein. 

COROLLARY  IX. 

'  235.  Whatever  we  can  think  of  for  this  purpofe,  we  find  nothing  to  anfwer 

it  except  body  itfelf,  considered  as  distinguished  from  fpace,  that  is,  as  it 
refifts  and  is  impenetrable  *,  and  consequently  is  corporeal  bulk.  For  we 
find,  that  if  fire  be  imparted  to  bodies  of  different  densities,  they  indeed  re- 
.  ceive  the  fame  degree  of  heat,  but  then  they  preferve  this  degree  fo  much 
the  longer,  as  they  are  denfer,  more  ponderous,  or  have  more  corporeal 
fubftance  :  thus  if  feveral  bodies  of  different  weights  be  heated  equally  in 
boiling  water,  the  heavieft  will  Still  remain  hot  the  longeft,  and  the  lighted: 
cool  the  fooneft  *,  and  the  rule  holds  almoft  univerfally,  fo  far  as  experiments 
have  hitherto  been  made.  The  vacuum  in  a  Torricellian  tube  lofes  its  heat 
the  inftant  after  it  is  generated  :  air  heated  in  a  pot  quickly  lofes  its  heat  ; 
alcohol  more  llowly  •,  water  Slower  than  alcohol  j  and  quicksilver  lateft  of 
all :  fo  among  folid  bodies,  wood,  Stone,  and  metals,  if  equally  heated,  re¬ 
tain  their  acquired  heat  the  longer,  in  proportion  as  they  are  denfer. 

236.  A  greater  degree  of  fire  alfo  vanishes  later  in  bodies  than  a  Smaller  5 
fo  that  this  alfo  holds  almoft  as  an  univerfal  rule,  that  the  greater  heat  a 
body  has,  or  the  more  it  is  expanded  by  fire,  till  it  arrive  at  the  degree  of 
fufion,  the  longer  it  retains  the  heat  it  has  acquired.  Thus  if  two  bodies, 
in  all  other  refpedts  the  fame,  be  heated  in  different  degrees,  and  the  hotter 
have  loft  the  degree  of  heat  whereby  it  exceeded  the  lefs  hot ;  the  former 
will  ftill  remain  as  hot  as  the  latter  was  at  the  firft  moment,  and  conse¬ 
quently  will  ftill  requirt  the  whole  time  of  cooling  of  the  other  to  reduce  it 
to  the  fame  temperature.  It  Should  indeed  be  examin’d,  whether  there  be 
not  fome  other  caufe  to  preferve  fire  when  once  produced,  beSide  weight  and 
the  degree  of  heat :  for  if  water  and  oil  be  equally  heated,  and  the  oil  be 
lighter  than  water,  moft  philofophers  would  expedl  that  the  oil,  on  account 
of  its  tenacity,  would  cool  the  floweft  of  the  two ;  or  that  fire  would  con¬ 
tinue  longeft  in  the  oil.  But  upon  taking  two  equal  veSTels,  and  filling  one 
with  water,  and  the  other  with  oil  of  olives,  and  putting  both  in  a  larger 
velfel  wherein  I  made  water  boil  i  and  keeping  both  the  other  liquors  there¬ 
in,  till  I  was  Sure  they  had  each  acquired  the  degree  of  heat  of  boiling  water, 
I  took  them  out,  and  Set  them  in  the  open  air,  to  fee  in  what  time  they 
would  both  return  to  the  fame  degree  of  coldnefs  ;  the  refult  was,  that  they 
did  it  in  proportion  to  their  weights. 
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237.  Yet  there  appears  fome  hidden  caufe,  why  fire,  how  great  foever, 
can  only  give  bodies  a  certain  degree  of  heat  *,  as  we  find  in  water,  alcohol, 
oil,  and  quickfilver,  when  brought  to  the  degree  of  boiling  ;  yet  as  all  do 
not  boil  equally  foon,  the  lighter  fluids  may  frequently  admit  a  greater  de¬ 
gree  of  heat  and  fire  than  the  heavier,  provided  the  former  be  not  fo  eafily 
brought  to  a  ftate  of  boiling.  Water  is  heavier  than  linfeed  oil,  and  when 
it  boils  is  found  to  have  213  degrees  of  heat,  beyond  which  the  utmoft 
fire  cannot  raife  it  ;  yet  oil,  though  lighter,  requires  a  greater  or  longer  fire 
to  make  it  boil,  and  when  brought  to  this  is  found  of  almofl  600  degrees 
of  heat.  The  caufe  of  which  feems  difficult  to  affign  ;  fince  quickfilver,  tho* 
fifteen  times  heavier  than  the  fame  oil,  only  acquires  the  fame  degree  of 
heat  when  arrived  at  ebullition :  hence  we  find  that  there  is  fomething  befides 
corporeal  bulk,  which  difpofes  certain  bodies  to  admit  a  much  greater  degree 
of  fire  than  others. 

238.  Hence  it  appears,  why  even  hot  water  extinguifhes  a  fire  compofed  of  a 
combuftible  matter  ;  fince  it  occafions  the  fewel  to  be  furrounded  with  a  lefs 
degree  of  fire  than  is  neceflary  to  its  kindling  ;  fewel  never  catching  fire  or 
burning  with  213  degrees  of  heat. 

239.  Hence  alfo  a  large  fire  will  not  melt  a  tin-veflel  when  full  of  water  ; 
fince,  in  order  to  the  fufion  of  that  metal,  a  much  greater  degree  of  heat  is  ne¬ 
ceflary,  than  water  will  admit  of ;  but  if  the  fame  tin-veflel  be  filled  with  oil, 
and  placed  over  the  fire,  it  will  foon  melt,  even  before  the  liquor  in  it  can  boil. 
The  fame  holds  of  lead  with  water  in  it  under  the  fame  circumftance  :  from 
all  which  we  may  gather,  that  when  fire  has  fo  difpofed  a  body,  as  that  it 
can  ad  equably,  and  pafs  freely  through  the  pores  thereof,  no  mole  fire 
can  be  united  to  it ;  and  this  is  found  in  fluids,  at  the  time  when  they  begin 
to  boil ;  and  in  folids,  at  the  time  when  in  perfed  fufion,  fo  as  to  appear 
like  a  glittering  boiling  liquid  ;  as  we  have  found  in  metals,  glafs,  (alts, 
and  all  other  bodies  wherein  the  experiment  has  been  tried. 

240.  From  this  fertile  head  of  obfervations  we  alfo  learn,  that  fire  has 
fome  connedion  with  bodies  •,  fince  the  greater  it  is,  the  longer  it  adheres  •, 
and  the  denfer  the  body,  the  longer  it  remains  therein  ;  that  it  adheres  more 
largely  to  fome  bodies,  efpecially  oily  ones?  than  others ;  that  thefe  heat 
more  (lowly,  but  imbibe  a  greater  degree  than  others  ;  that  by  how  much  bo¬ 
dies  are  heavier,  the  longer  time  they  need  to  be  equally  heated  with  thofe  that 
are  rarer,  by  the  fame  fire :  laftly,  that  they  require  fo  much  longer  time 
to  reduce  them  to  the  fame  temperature  with  rarer  bodies,  which  cool  quicker. 
All  which  things  confidered,  we  fhall  find  many  laws  of  nature  fettled  with 
regard  to  fire,  which  will  be  of  great  ufein  phyfics.  In  effed,  if  this  doc¬ 
trine  were  carried  to  its  height,  we  might  be  able  by  experiments  to  folve 
the  following  problems.  To  fill  a  given  fpace  with  /tub  a  body  as  will  con¬ 
ceive  any  given  degree  of  heat  by  the  great  eft  fire :  and  again,  to  fill  a  given 
fpace  with  fuch  a  body  as  the  great  eft  fofiible  fire  may  be  retained  in  it.  "Whe¬ 
ther  iron,  which  melts  more  (lowly  than  gold,  be  not,  when  melted,  hot¬ 
ter,  though  lighter,  than  melted  gold,  may  be  worth  enquiring. 


28$ 


Which  maybe 
greater  in 
fome  particu¬ 
lar  bodies. 


Why  nx'dttr 
quenches  fife. 


Why  'water 
prevents  tin 
from  melting. 


Laws  of  no* 
ture  'with  re¬ 
gard  to  fire. 
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COROLLARY  X. 

/ 

Heat  quickly  241.  Hence  alfo,  another  law  of  nature  feems  to  offer  itfelf,  viz .  that 
eeafes upon  ap-  bodies  which  contain  fire  more  copioufly  than  the  ambient  fluids,  or  other 
^denfebod-  ^  ne'ghbouring  bodies,  lofe  it  again  fo  much  the  fooner,  as  the  fluid  into  which 
they  are  im merged  to  cool  is  the  denfer.  Thus  fuppofe  air,  water,  and 
quickfilver,  in  veflels  exadtly  of  the  fame  temperature,  fuppofe  alfo  three 
equal  pieces  of  perfe&ly  ignited  iron,  and  let  one  of  thefe  be  left  in  air  of  a 
known  temperature,  a  fecond  in  water  of  the  fame  degree  of  coldnefs  with 
the  air  at  that  time,  and  the  third  in  quickfilver  of  the  fame  temperature 
with  the  air  and  water  *,  the  piece  in  the  air  will  retain  its  heat  a  long  time, 
that  in  water  will  lofe  it  fooner,  and  that  in  the  mercury  fooneft  of  all  :  in 
reality,  it  appears,  that  the  iron  in  water  cools  fo  much  the  flower,  as  water 
is  denfer  than  air,  that  is  about  800  times  ;  and  that  in  the  quickfilver 
about  14  times  fooner  than  the  other  in  water.  The  workers  in  metals  are 
well  apprized  of  this,  who  to  foften  their  metals,  for  certain  purpofes,  ignite 
them  thoroughly,  and  thus  leave  them  in  the  fummer-time,  and  in  fultry 
weather,  in  the  fire  itfelf,  till  this  gradually  fpending,  finks  into  cold  afhes, 
and  thus  they  are  left  to  cool  together  :  but  when  they  require  metals  harder, 
for  other  purpofes,  they  dip  them  fuddenly  in  the  coldefl:  water  in  winter¬ 
time.  We  have  therefore  difcovered  two  caufes  which  accelerate  the  re- 
yhree  caufes  frigeration  of  bodies,  viz.  the  coldnefs  and  denfity  of  the  fluids  wherein 
mf cooling .  they  are  immerged  while  hot.  A  third  caufe,  which  conduces  to  the  fame 

effedt,  is  the  agitating  of  the  hot  body  throughout  the  fluid,  which  makes 
it  cool  ftill  quicker  *,  as  by  fuch  means  the  body  to  be  refrigerated  is  con¬ 
tinually  applied  to  a  frefh  quantity  of  the  coid  fluid.  Hence,  by  the  way, 
may  be  obferved  the  phyfical  caufe  of  hardening  iron  ;  that  metal,  being 
ignited  almofl:  to  fufion,  is  fuddenly  drawn  through  the  coldefl:  water,  fo 
as  to  be  perfectly  cool’d  in  a  moment’s  time  •,  by  which  means  its  parti¬ 
cles,  which  had  before  been  loofen’d  and  foften’d  by  the  fire,  become  now 
intimately  conftringed  and  bound  together  •,  the  effedl  whereof  is,  that  they, 
remain  extremely  clofe  and  hard,  but  at  the  fame  time  brittle., 

COROLLARY  XL 

Why  denfe  bo-  242.  As  to  the  reafon  why  a  denfer  fluid  cools  a  hot  body  immerged  in 
dies  cool  0-  foon?  it  may  be  obferved,  that  before  the  hot  body  was  applied  to  the 

tt.ers jconej  .  things  remain’d  equally  cold,  and  confequently  this  effedt  could  not 

arife  from  the  diverfity  of  cold,  which  cools  one  hot  body  immerged  in  it 
fooner  than  another  ;  and  may  be  fufpedted  owing  to  this,  that  a  denfer 
mafs  of  cold  fluid  draws  more  fire  out  of  the  hot  body,  in  proportion  tp 
its  denfity. 

1 The  effeft  of  243.  To  determine  which  point  I  made  the  following  experiment:  Tak- 
mtxtai f*  jng  two  equal  quantities  of  the  fame  fluid,  viz.  vinegar,  alcohol,  water, 
in™ together. anc^  °^»  and  reducing  thefe  to  different  degrees  of  heat,  and  then  inti¬ 
mately  mixing  them  together,  they  came  to  the  fame  degree  of  heat,  which 
was  half  the  excefs  of  the  hotter,  quantity  above  the  cooler.  Thus,  e.  gr. 

mixing 
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mixing  a  pound  of  boiling  water,  which  had  212  degrees  of  heht,  with  a 
pound  of  cold  water,  which  had  only  32  degrees  of  heat,  the  mixture  will 
have  90,  viz.  half  of  180,  which  expreftes  the  difference  between  2r2  and 
32  :  from  whence  it  appears,  that  the  diftribution  of  fire  is  here  as  the  bulk; 
confequently  that  fire,  by  a  clofe  contadt  between  the  fmalleft  particles  of 
bodies  of  the  fame  kind,  immediately  diffufes  itfelf  equally,  and  leaving  its 
former  body,  lays  hold  of  a  new  one:  in  which  experiment  there  appears 
fomething  very  fubtile,  viz.  that  the  common  degree  of  heat  is  loft,  and 
the  excels  diftributed  equally  between  the  two  maffes.  If  we  take  quick- 
filver  and  water  in  the  fame  precife  quantities,  but  of  different  degrees  of  heat, 
and  thus  mix  them  together,  a  temperature  will  here  likewife  rife  from  the 
mixture,  but  with  fome  confiderable  difference  from  the  former. 

244.  For  if  the  water  were  hotter  than  the  mercury,  when  equal  bulks  And  the  diffe- 
thereof  were  mixed,  the  degree  of  heat  arifing  from  the  mixture,  was  al-  rence' 
ways  more  than  the  half  which  was  expedted.  On  the  contrary,  if  the 
quickfilver  were  hotter  than  the  water,  and  equal  bulks  of  each  were  inter¬ 
mixed,  the  temperature  produced  by  them  was  always  lefs  hot  than  the  half 

of  the  differences.  And  this  diverfity  was  always  found,  as  if  in  the  former 
cafe  three  parts  of  hot  water  had  been  mixed  with  two  parts  of  cold  ;  or  in 
the  latter  cafe,  as  if  three  parts  of  cold  water  had  been  mixed  with  two  of 
hot :  but  when  three  equal  bulks  of  mercury  are  taken,  and  two  fuch  bulks  of 
water,  it  matters  not  whether  you  heat  the  mercury,  or  the  water  ;  fince 
after  mixtion  the  temperature  will  correfpond  to  half  the  difference  of  the 
heat  in  each  ;  as  before  in  water,  where  equal  portions  were  mixed. 

245.  In  this  experiment  it  may  be  obferved  that  we  difcover  a  new  law  of  Fire  refides  in 
nature,  viz.  that  fire  is  diftributed  in  bodies  in  proportion  to  their  bulk,  or  bodies  in  pro- 
extenfion,  and  not  of  their  denfity  :  for  though  the  weight  of  quickfilver-,  Frt™ntothir 
with  refpedl  to  water,  be  almoft  as  20  to  1,  yet  the  power  which  produces  * 

heat  proved  the  fame  in  both,  as  if  water  alone  has  been  mixed  with  an 
equal  quantity  of  water.  The  fame  is  confirmed  from  a  multitude  of  other 
experiments,  as  we  have  intimated  above,  in  making  mention  that  all  kinds 
of  bodies,  when  committed  a  confiderable  time  to  the  fame  common  degree 
of  warmth,  never  fhewed  any  diverfity  in  refpetft  of  heat,  other  than  in 
proportion  to  the  fpace  they  poffefs  ;  fo  that  nothing  had  been  found  in 
bodies  which  attra&s  fire  ;  though  the  denfer  bodies  are,  the  longer  they 
detain  the  heat  they  have  once  conceived.  The  experiments  here  referred 
to  were  made  for  me  by  the  celebrated  Fahrenheit.  What  then  fhall  we 
fay  is  the  caufe  why  fire  paffes  fo  much  footier  out  of  its  own  body  into 
another  groffer,  than  into  a  lighter  body,  or  even  an  empty  fpace,  into 
which  it  might  penetrate  with  fo  much  more  feeming  facility  ? 

COROLLARY  XII. 

246.  Again,  it  feems  to  follow,  that  the  greater  a  body  is,  the  longer  it  Large  bodies 
will  retain  the  heat  it  has  once  conceived,  other  circumftances  being  fup-  detain  heat 
pofed  equal;  by  reafon  the  denfity  of  the  extremity  hinders  the  quick  egrefs  ion^' 
of  the  fire,  which  was  endeavouring  to  depart  out  of  the  intimate  parts  there- 
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of.  Thus  the  orb  neareft  this  confines  another,  and  that  a  fourth,  and 
thus  to  the  end  •,  fo  that  a  body  thoroughly  heated  through  its  whole  fub- 
ftance,  always  cools  the  lateft  towards  its  central  parts  :  hence,  as  the  mag¬ 
nitude  of  a  body  is  (till  capable  of  further  augmentation,  it  feems  poflible 
to  have  one  fo  large,  as  that  the  heat  once  communicated  to  it,  may  per- 
fift  during  the  longeft  period. 

COROLLARY  XIII. 

247.  It  is  demonftrated  by  geometricians,  that  bodies,  ceteris  paribus , 
have  always  the  lefs  external  furface,  by  how  much  they  are  greater;  from 
whence,  again,  it  appears  that  large  bodies  retain  the  heat  which  they  have 
once  conceived  the  longeft  ;  confequently,  that  the  more  corporeal  mafs  a 
body  has  under  a  leffer  furface,  the  longer  will  it  preferve  its  fire,  compared 
to  others. 

248.  Again  the  fame  mathematicians  fhew,  that  a  corporeal  mafs,  while 
the  fame  in  quantity,  can  never  be  reduced  under  a  lefs  furface,  than 
when  form’d  into  a  fphere  ;  which  figure  therefore  appears  the  moft  reten¬ 
tive  of  heat,  both  on  account  of  the  fmallnefs  cf  the  furface,  and  of  the 
equable  accommodation  of  parts  to  the  very  centre,  as  well  as  their  equable 
recefs  from  the  furface.  And  this  perhaps  is  one  reafon  of  the  fpherical 
figure  of  the  fun  and  fixed  ftars. 

C  O  R  O  L  L  A  R  Y  XIV. 

249.  But  when  a  body,  in  other  refpeds  remaining  the  fame,-  is  reduced 
to  a  lels  bulk  by  dividing  it,  its  furface  continually  increafes,  while  its 
mafs  remains  the  fame ;  and  hence  alfo  it  cools  the  quicker.  A  cube,  di¬ 
vided  into  two  equal  parallelipipeds,  acquires  -j  more  furface  hereby ;  fo  a 
fphere,  when  divided  into  two  hemifpheres,  acquires  hereby  two  great  cir¬ 
cles  of  furface,  and  thus  gains  §  parts  ; .  and  the  fooner  accordingly  will 
they  cool  after  heating.  The  divifion  therefore  of  a  hot  body  into  lefler 
parts,  and  its  reduction  from  a  fpherical  figure  to  plain  furfaces,  are  two 
caufes  whereby  the  cooling  of  bodies  is  greatly  accelerated  ;  as  their  con- 
tad  with  colder  bodies  is  hereby  much  increafed.  Thus  a  pound  of  boil¬ 
ing  water,  while  in  a  fpherical  figure,  will  retain  its  heat  a  long  time  ;  where¬ 
as  if  poured  out  on  a  large  cold  iron  plate,  it  prefently  cools.  . 

COROLLARY  XV. 

250.  From  a  due  ccnliaeration  of  what  has  been  delivered,  we  fhall 
bejible  to  fee  into  the  caufes  of  the  continuance  of  heat  in  other  things. 
It  has  long  been  obferved,  that  men  of  hard,  firm,  robuft  bodies,  inur’d 
to  exercife,  and  at  the  fame  time  of  denfe,  ponderous  humours,  are  always 
hotter,  and  cool  much  flower  than  others;  the  caufe  whereof  has  been  va- 
rioufly  afligned  :  from  the  premifes  it  follows,  that  fuch  bodies,  compref- 
fing  ftrongly  the  denfe  fluids  with  their  firm  folids,  muft  of  neceflity  col¬ 
led  a  great  deal  of  fire,  and  retain  it  very  tenacioufly.  So  it  has  been 
obferved  that  carcafles,  after  the  vital  warmth  has.  left  them,  cool  flowly 

withies 
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within-fide,  and  faft  in  the  outer  parts;  the  caufe  whereof  eafily  follows  from 
what  has  been  faid,  without  recurring  to  any  veftal  fire  hid  in  the  vifcera  of 
the  body.  On  the  contrary,  that  lax  foft  fluggifh  weak  bodies  can  never  acquire 
fo  much  fire  in  their  watery  humours  is  clear,  in  regard  the  parts  are  always 
under  a  lefs  attrition,  lefs  condenfation,  and  diffufe  into  larger  furfaces  ; 
by  which  means  they  are  unfit,  even  to  retain  the  heat  which  they  have 
conceived.  Hence  may  appear  what  mifchiefs  are  to  be  apprehended,  and 
what  remedies  to  be  applied  in  both  cafes :  fo  univerfally  ufeful  is  this 
dodtrine. 

COROLLARY  XVI. 

251.  The  theory  of  the  cooling  of  bodies  may  be  alfo  applied  to  explain,  Where  the 
what  has  hitherto  perplex’d  the  chemifts,  phyficians,  and.  philofophers  ;  ^fj  f'Jurnan 
viz.  whether  human  blood  be  hotteft  in  the  heart,  and  why?  What  a  va- 
riety  of  opinions  have  been  advanced  on  this  question,  which  yet  naturally 
folves  itfelf  on  our  principles  ?  The  blood  is  allow’d  by  all  to  be  coldeft  in 
the  veins  ;  in  its  return  from  the  external  cold  parts  of  the  body,  it  becomes 
mixed  with  the  new  humours  juft  taken  into  the  body,  and  colder  than 
the  reft  ;  it  is  alfo  contained  in  loofe,  weak,  unaftive,  large  veflels,  and 
thus  returns  to  the  right  ventricle  of  the  heart  *,  whence  the  venous  blood 
fhould,  in  no  part  of  the  body,  be  colder  than  in  the  right  ventricle  of 
the  heart  :  but  the  exceftive  cold,  which  would  thus  arife,  might  en¬ 
danger  life  itfelf ;  for  which  reafon  the  blood,  in  its  return  by  the  veins  to 
the  heart,  is  ftill  kept  in  a  fomewhat  more  temperate  degree  of  warmth,  by 
the  heat  which  the  arteries  fupply,  and  communicate  to  the  body.  And 
yet  on  thefe  accounts  the  blood  muft  ftill  be  coldeft  in  the  right  ventricle, 
if  compared  with  the  arterial  blood.  But  the  fame  blood,  thus  cooled,  is 
driven  by  the  force  of  the  right  ventricle  of  the  heart  into  the  narrow  ftrong 
elaftic  canals  of  the  pulmonary  artery  ;  where  being  compreffed  and  agitated 
with  the  whole  effort  of  refpiration,  it  is  neceffarily  driven  through  one  of 
the  lobes  of  the  lungs  in  equal  quantity,  as  at  the  fame  time  through  the 
whole  body,  and  all  its  parts.  Hence,  therefore,  the  blood  undergoes 
more  attrition,  and  confequently  muft  conceive  more  heat  in  the  lungs  than  • 
in  any  other  part  ;  fo  that  the  heat  would  here  grow  intolerable,  and  even 
mortal,  were  it  not  that  the  air  drawn  into  them  by  refpiration,  is  always 
much  colder  than  this  blood.  And  Malpighi  fhews,  that  this  blood  in  the 
lungs,  being  divided  through  a  multitude  of  minute  arteries,  which  every  The  heat  tf 
where  accompany  the  fmalleft  veficuU  of  the  lungs,  is  thus  extended  into  the  air  m  re- 
an  immenfe  furface,  and  expofed  to  the  air,  which  every  moment  receives 
an  accefiion  of  frefh,  and  therefore  cold  air;  on  which  accounts  the  blood 
again  fhould  not  be  colder  in  any  part  of  the  body  than  in  the  lungs.  How 
wonderful  the  contrivance,  that  where  for  •  certain  purpofes  the  blood  re¬ 
quired  to  be  hotteft  of  all,  fhould  for  others  again  require  to  be  coldeft ! 

The  new  chyle  and  blood  could  hardly,  without  endangering  life,  be  duly 
driven  through  all  the  veffels  of  the  body,  unlefs  it  were  firft  attenuated  and 
diyided  by  a  vehement  attrition,  into  its ^minuteft  elements;  which  again 

could  i 
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could  not  be  done,  without  at  the  fame  time  producing  an  intenfe  heat  ; 
yet  if  fuch  heat  had  continued  but  for  a  fmall  time,  without  the  blood's 
being  cool’d  again  from  other  caufes,  it  muft  all  prefently  have  putrefied, 
and  thus  put  an  end  to  life  by  a  moft  peltilent  difeafe.  I  formerly  obferved 
in  a  fugar-baker’s  workhoufe,  that  the  air,  in  the  apartment  where  they  dry 
their  fugar-loaves,  is  prodigioufly  hot  and  dry  ;  fo  that  I  could  not  endure 
it  for  the  fmalleft  fpace  of  time,  without  danger  of  inftant  fuffocation  :  this 
made  me  imagine  I  had  found  a  proper  opportunity  of  examining  what  heat 
of  air  living  animals  may  endure.  But  being  diverted  herefrom  by  other 
neceflary  avocations,  I  defired  M.  Fahrenheit ,  and  my  kinfman  Jodoc.  Pro - 
vocfi ,  to  make  experiments  with  this  view,  and  relate  me  the  fuccefs:  which 
being  done  with  great  faithfulnefs,  I  fhall  here  rehearfe  j  being  of  opinion 
that  few  experiments  have  been  made,  which  conduce  more  to  the  under- 
ftanding  of  the  aerial  fire,  and  its  atftion  on  animal  bodies,  their  humours, 
and  parts  i  nor  fhall  we  eafily  find  another  experiment  of  more  extenfive  ufe 
in  chemiftry. 

The furpri-  252.  This  apartment  then  of  the  fugar-baker’s  workhoufe  was  fo  hot, 
efft.is  of  that  the  quickfilver  thermometer  being  detain’d  in  it  a  confiderable  time, 

animals.  r0^e  to  I4®*  iparrow,  in  a  cage,  being  then  placed  in  it  at  lix  in 
the  evening,  after  remaining  about  a  minute,  gaped  and  panted  with 
great  labour,  breathed  thicker  and  thicker  every  moment,  till  its  ftrength 
tailing,  it  could  no  longer  hold  on  its  perch  ;  but  defcending  to  the  bottom, 
continued  breathing  very  laborioufly,  and  died  in  lefs  than  feven  minutes. 
At  the  fame  time  with  the  fparrow,  a  dog  was  fhut  into  the  fame  hot 
room,  and,  after  continuing  about  feven  minutes  gaping,  putting  out  his 
tongue,  and  panting  for  breath,  fufficiently  difcovered  how  ofFenfive  the 
heat  was  to  him  *,  notwithstanding  he  kept  in  his  wooden  cage  pretty  quiet 
for  about  a  quarter  of  an  hour,  when  his  breathing  became  very  loud  and  for¬ 
cible,  and  he  draggled  furprizingly  to  get  away  ;  but  his  ftrength  foon  after 
fail’d  him,  and  he  began  to  breathe  flower  and  flower  ;  but  his  refpirations 
were  ft  ill  ftrong  and  laboured  *,  at  length  thefe  grew  weaker  and  more  lan¬ 
guid  •,  fo  that  a  little  before  his  death  they  could  fcarce  be  heard :  during 
the  whole  time  he  difcharged  an  exceflive  quantity  of  foam,  which  was  of 
a  ruddy  colour,  and  yielded  fo  intolerable  a  ftench,  that  none  of  the  by- 
ftanders  could  bear  it ;  and  though  fo  fuddenly  produced  in  the  animal, 
was  fo  horribly  offenfive,  that  a  perfon  coming  near  it,  for  the  twinkling  of 
an  eye,  fainted  away,  and  needed  to  be  recovered  with  fpirit  of  wine  and 
myrrh.  The  operator  being  thus  ftruck,  was  difabled  from  applying  the 
thermometer  to  the  mouth  of  the  dead  animal,  in  order  to  learn  what  degree 
of  heat  his  body  had ;  but  prefently  after  his  recovery,  applying  the  ther¬ 
mometer,  he  found  it  at  i  io  degrees.  With  all  this  heat,  and  fuch  violent 
ftruggles  of  the  dog,  there  appear’d  not  the  leaft  fign  of  fweat  on  him.  The 
dog  when  hung  to  the  fteelyard,  weigh’d  ten  pounds. 

2 53.  While  thefe  experiments  were  making  with  the  bird  and  dog,  a. 
cat  was  alfo  put,  in  a  wicker-cafe,  into  the  fame  hot  room;  and,  after 
continuing  about  a  minute,  began  to  throw  herfelf  upon  the  ground,  pant, 
and  in  about  a  quarter  of  an  hour  breath’d  loud  with  a  hifling  noife,  and 
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making  incredible  efforts  to  efcape ;  after  enduring  like  the  former  flic  died, 
cover’d  with  fweat  as  if  drench’d  in  water. 

254.  By  this  we  fee  how  air,  48  degrees  hotter  than  the  blood  of  a  heal¬ 
thy  youth,  found  by  applying  the  thermometer  in  his  mouth,  quickly 
raifes  a  mod  acute  difeafe,  and  caufes  death  itfelf  with  all  the  figns  of  flrong 
convulfions.  What  a  change  at  the  fame  time  is  made  in  all  the  humours 
of  the  body,  which  by  this  means  become  mod  fetidly  putrid  ?  There  is 
not  in  nature  a  more  abominable  dench  than  this  ;  which,  though  produced 
in  fo  fhort  time,  in  a  found  animal,  far  furpaffes  any  cadaverous  matter;  and 
could  by  its  mere  contagion  drike  down  a  drong  perfon,  inured  to  hard  la¬ 
bour,  and  bring  him  to  the  very  brink  of  death.  How  mud  the  humours 
have  been  refolved,  and  how  chang’d  from  their  natural  date,  when  the 
faliva  itfelf  could  in  fo  fhort  a  time  affume  a  red  colour  ?  Fire  alone  could 
not  have  done  this;  for  the  flefh  of  a  dead  animal  being  fufpended  in  the 
fame  heat,  only  grew  dryer,  without  refolving  into  fuch  a  noifome  filth ; 
but  the  vital  motion,  while  it  remain’d  in  thefe  animals,  produced  a  further 
degree  of  heat  by  its  attrition  in  the  lungs,  and  at  the  fame  time  a  tendency 
to  putrefaction  ;  and  as  nothing  was  brought  in  to  temper  and  allay  it,  rofe  to 
a  much  greater  degree  than  in  the  hot  room  itfelf.  Hence  the  oils,  falts,  and 
fpirits  of  thefe  animals  became  perfectly  putrefied  in  about  28  minutes  time  ; 
and  the  bird  only  lived  about  one  minute  in  this  date.  Yet  the  fervants  em¬ 
ployed  in  the  fugar-houfe  can  enter  the  room  when  thus  heated,  and  continue 
in  it  a  fhort  time ;  taking  care  to  quit  it  feafonably  for  refrefhment.  Thus 
at  thofe  iron-forges,  where  the  run  metal  is  cut  into  large  iron  plates, 
the  workmen  can  indure  the  heat  for  a  moment,  but  unlefs  they  retire  fpee- 
dily,  and  recover  themfelves  by  lying  down,  and  breathing  a,  colder  air, 
they  foon  fall  and  faint  away.  When  the  air  is  heated,  by  art,  to  the  fame 
degree  as  it  is  found  in  a  healthy  perfon,  a  man  placed  in  it  will  find  it 
intolerably  hot  and  difling,  fo  that  he  cannot  long  endure  it ;  but  endeavours 
by  all  poflible  means  to  cool  himfelf,  and  mud  otherwife  quickly  faint  away. 

Thus  hot  air  weakens  our  drength,  and  cold  redores  it  ;  and  unlefs  the 
heat  be  temper’d  with  alternate  cold  both  plants  and  animals  foon  perifh. 

255.  Hence  we  learn,  that  the  heat  of  the  blood,  both  in  the  veins, 
arteries,  heart,  lungs,  and  other  parts,  is  pretty  equable  ;  that  it  is  made 
the  hotted,  and  alfo  the  colded  in  the  lungs,  and  thus  between  the  two  rer- 
duced  to  a  proper  temperature. 

e  O  R  O  L  L  A  R  Y  XV  I  I*. 

256.  By  how  much  therefore  the  matter  whereof  a  body  confids  is  deafer,,  What  h  re - 

its  bulk  greater,  and  its  figure  more  exadtly  fpherical,  the  more  difpofed  it  is  quired  to  maker 
to  preferve  the  fire  it  has  conceived,  for  a  long  time  ;  which  is  every  where  ^ 

confirm’d  by  experience :  and  if  to  all  this,  the  fpace  wherein  the  body  is  bet*. 
found  be  exceedingly  rare,  or  next  to  a  vacuum,  we  fhall  have  all  the  phy- 

fical  caufes  hitherto  difcover’d,  which  concur  to  the  long  prefervation  of 
heat. 


CORO  Lt 


&  9  6 
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COROLLARY  XVIII. 

256.  Yfet  bodies  ignited  even  to  a  degree  next  to  fufion,  however  large, 
folid,  and  fpherical  they  may  be,  foon  return  in  air,  to  the  temperature 
thereof. 

COROLLARY  XIX. 

257.  May  we  not,  therefore,  after  Sir  Ifaac  Newton ,  lay  down  the  vi¬ 
bration  of  the  particles  which  compofe-  a  body,  for  the  foie  entire  caufe  to 
which  the  continuance  of  fire  is  owing  in  a  heated  body  ?  *Tis  certain  a 
large  bell,  with  a  fingle  ftroke  given  in  one  fmgle  place,  by  a  metalline  e- 
laftic  body,  will  yield  fonorous  tremors,  fufficiently  audible  for  feveral  fe- 
conds,  and  continue  the  fame,  though  not  fo  as  to  be  heard,  a  confiderable 
time  longer  *,  as  may  be  learnt  from  fprinkling  fand  on  the  bell :  but  other- 
wife  the  vibrations,  even  of  elaftic  bodies,  quickly  ceafe  among  us. 


EXPERIMENT  XXL 

258.  By  how  much  bodies,  whether  fluid,  or  folid,  are  denfer,  the 
longer  time  they  require  to  conceive  an  equal  heat  by  the  fame  fire. 

259.  Suppofe  a  hollow  parallelipiped  of  brafs,  open  a-top,  and  full  of 
water,  and  on  this  fuppofe  placed  feveral  equal  cylindrical  glafs-veflels,  filled 
to  the  fame  height  with  fluids  of  different  weights,  and  let  fire  be  put 
under  the  whole,  that  the  water  in  the  parallelipiped  may  be  equally  heated  ; 
the  effe<5t  will  be,  that  the  lighted:  and  rareft  fluids  will  fooneft  expand,  and 
the  denfeft  the  lateft;  the  like  will  alfo  be  found,  if  thermometers  be  placed  on 
the  fame..  Air  heats  the  fooneft,  then  alcohol,  then  the  pureft  petrol,  then 
oil  of  turpentine,  then  fair  water,  then  fait- water,  then  the  ftrongeft  lixi¬ 
vium,  metals,  mercury,  and  gold. 

COROLLARY  I. 

260.  The  mafs  or  matter  of  a  body,  therefore,  both  admits  and  difmifles 
fire  with  difficulty  ;  fo  that  body,’  confidered  as  body,  appears  tenacious 
and  retentive  of  its  temperament,  and  refills  any  change  to  be  made 
therein. 

EXPERIMENT  XXII. 

261.  Bodies,  Cceteris  paribus ,  grow  warm  flower,  by  how  much  they 
are  larger  *,  and  quicker,  by  how  much  they  are  lefs  :  this  is  fo  well  known 
from  many  vulgar  experiments,  that  it  may  be  laid  down  as  an  axiom. 


EXPE- 
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EXPERIMENT  XXIII. 

262.  By  how  much  bodies  are  denfer,  and  at  the  fame  time  larger,  What  ladies 
the  more  and  longer  fire  they  require  to  arrive  at  their  greated  heat;  as  beat  the  flaw* 
alfo  the  nearer  they  are  brought  to  a  fpherical  figure,  or  a  figure  which  con-  e^' 
tains  the  mod:  matter  under  the  lead:  furface.  Thus,  fuppofe  a  pound  of 
iron  form’d  into  a  thin  parallelipiped  plate,  and  another  pound  cad;  into  a  fphe¬ 
rical  form,  immerge  the  two  in  boiling  water,  the  plate  will  acquire  the  heat 
of  the  water  prefently,  the  fphere  more  fiowly  ;  fo  that  thus  far  the  fur- 
face  appears  to  be  the  meafure  of  the  heat  and  cold,  both  admitted  and 
let  go  again. 


EXPERIMENT  XXIV. 

263.  Among  all  the  bodies  hitherto  obferved,  there  is  none  which  fpon*  No  one  body 
taneoufly,  and  when  left  to  itfelf,  becomes  hotter  than  all  others.  This,  naturally  hot- 
how  paradoxical  foever  it  may  appear,  is  the  refult  of  induction  ;  for  we  f*j'  t!mn 
have  fhewn  in  the  above-mentioned  experiments,  that  all  thofe  which  are  re- 
puted  the  hotted:  bodies,  if  they  be  left  to  cool  in  an  air  of  the  fame  tem¬ 
perature,  always  return  to  the  fame  degree  of  heat  and  cold.  Thus  the 
phofphorus  of  urine,  when  immerged  in  water,  becomes  as  cold  as  the  wa¬ 
ter  which  furrounds  it;  though  upon  admitting  the  air,  it  immediately  grow 
hot.  The  phofphorus  prepared  of  alum  and  unduous  matters  calcin’d, 
while  kept  in  a  glafs  phial,  has  the  fame  temperature  with  the  phial  itfelf, 
nor  makes  any  change  therein  ;  but  upon  giving  free  ingrefs  to  the  air,  it 
prefently  catches  fire.  Linfeed  oil,  which  in  the  greatefi:  natural  cold  never 
congeals  into  a  folid  mafs,  but  fill  remains  fluid,  is  yet  then  equally  cold 
with  the  coldefl  ice  :  nor  is  the  pured  fpirit  of  wine  any  hotter  than  quick- 
filver.  That  wonderful  fpirit  of  nitre,  fird  difcover’d  by  Glauber ,  and  re-  - 
puted  fiery  in  the  highed  degree ;  or  that  oil  diflill’d  from  faflafras  wood, 
when  kept  at  reft  in  cold  vefiels,  are  equally  cold  before  their  mixtion,  as 
the  mod  rigid  ice  ;  though  after  mixtion  they  appear  to  conftitute  an  in- 
tenfe  fire.  Flint  and  fteel  in  frofty  weather,  however  cold  when  at  red,  yet 
by  a  Angle  collifion  indantly  produce  a  vehement  fire  in  the  cold  atmo,- 
fphere  ;  fo  that  as  far  as  bodies  have  hitherto  been  tried,  there  is  no  known 
one  which  of  itfelf  is  more  difpofed  to  heat  than  to  cold  ;  or  which  of 
its  own  accord  grows  hotter  than  any  others.  And  yet  the  contrary  opi¬ 
nion  is  deeply  rivetted  in  the  minds  of  men,  who  imagine  that  at  lead  the 
bodies  of  animals  are  always  hotter  than  other  things  ;  which  indeed  may 
be  granted,  if  we  confider  them  as  alive,  while  the  vital  attrition  of  their 
parts  is  continually  collecting  fire,  and  gathering  heat ;  but  when  the  heal- 
thied  man  is  drowned  in  water,  all  things  dill  remaining  the  fame,  ex¬ 
cept  that  the  motion  of  attrition  is  wanting,  the  carcafs  foon  returns  to  the 
degree  of  coldnefs  of  the  water.  It  may  be  objected,  that  dead  carcafles 
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are  fometimes  found  very  warm  a  confiderable  time  after  death,  which  feems 
to  argue,  that  the  bodies  of  fome  animals  maintain  a  heat  within  themfelves; 
but  let  it  be  confidered  that  in  fuch  cafes,  there  is  a  putrefadtion,  or  a  con¬ 
tinual  and  brilk  motion,  which  by  its  attrition  colle<5ts  the  fire,  otherwife 
foreign  to  it.  So  cold  hay,  if  prefled  into  clofe  heaps,  and  thus  moiften’d, 
will  produce  a  vehement  heat,  and  fometimes  break  out  into  flame.  In  efFe<5t, 
fermentation,  putrefaction,  effervefcence,  and  mixtion,  often  produce  the 
moil  intenfe  heat ;  as  will  be  ffiewn  more  expreflly  hereafter ;  but  thefe  mo¬ 
tions  never  obtain  in  any  one  Ample  body,  and  confequently  are  not  proper, 
or  fpontaneous  in  any  body.  Other  difficulties,  which  may  be  ftarted  a- 
gainfl:  this  doctrine,  you  will  eafily  folve. 

COROLLARY  I. 

The  caufe  of  264.  Does  not  a  denfe  body,  therefore,  the  hotter  and  hotter  it  gradually 
heat,  and  of  g rows,  contain  the  greater  quantity  of  fire  in  it ;  and  is  not  this  greater 
its  contmu-  qUantity  of  fire,  thus  procured,  owing  to  the  greater  quantity  of  fire  applied 
and  united  to  fuch  body  *,  and  does  not  the  long  application  of  the  fame  fire 
occafion  a  greater  quantity  of  it  to  be  united  with  fuch  body  ? 

COROLLARY  \1. 

^  •  s, 

265.  Is  not  the  phyfical  caufe  of  fire  continuing  fo  long  in  a  body  once 
heated,  owing  to  the  fire  itfelf,  which  infinuates  fo  plentifully,  and  conti¬ 
nues  fo  long  in  the  heated  body  ? 

COROLLARY  III. 

2 66.  Or  is  it  the  matter  of  the  heated  body,  and  the  fire  communicated 
to  it,  that  confpire  together  to  produce  this  effedt  ? 

SCHOLIUM. 

Conclufion  of  *  267.  Hitherto  we  have  endeavoured,  by  a  few  Ample  experiments,  to  ex- 
the  dofirine  cf  plain  the  chief  points  which  we  have  been  able  to  difcover  concerning  the 
elementary  nature  of  what  philofophers  call  elementary  fire  ;  by  confidering  it  as  it  is 
p>t'  created,  and  exifls  in  nature,  feparate  from  all  other  created  bodies.  And 

we  have  further  alfo  confidered  it,  as  it  remains  pure  in  bodies  themfelves, 
without  taking  any  pabulum  from  them,  but  remaining  pure,  and  only 
driven  into  parallel  or  converging  rays :  and  again  have  confidered  it  as  col- 
lecfted  in  bodies  by  motion  and  attrition  alone.  No  pains  have  been  fpared 
to  explain  and  inculcate  this  dodtrine  fully,  before  proceeding  to  the  confi- 
deration  of  fire,  as  fupported  by  combuftible  matter  ;  which  is  very  different 
from  the  former,  both  in  its  nature  and  effects.  Many  errors  have  arofe 
among  the  chemifts,  for  want  of  diftinguifhing,  with  fufficient  accuracy,  be¬ 
tween  thefe  two  kinds  of  things,  which  are  known  by  the  common  name  of 
fire.  We  proceed  now  to  examine  vulgar  fire,  which  many  hold  as  the 
only  fire ;  but,  by  the  way,  it  may  be  proper  to  fubjoin  fome  circumftances 
relating  to  the  hiftory  of  fire,  as  given  by  other  authors  9  that  the  prefent 

hiftory 
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hiftory  may  be  render’d  as  compleat  as  poflible,  and  all  the  inventors  find 
their  due  praife. 

268.  An  iron  rod,  a  foot  long,  being  heated  red-hot,  became  longer  The  difcove- 
than  before  :  and  a  glafs  cylinder,  a  fathom  long,  under  the  fame  circum-  ries  of  others 
fiance,  gain’d  -£>  in  length  (y).  A  metalline  ring  thus  heated  gain’d  ~  in  ufon  t'hefub- 
its  diameter  (z).  A  glafs  globe  became  extended  ~-0  part  by  the  meer^’ 

heat  of  the  hand  applied  on  its  furface(<s). 

2 69.  A  thermometer,  when  placed  in  a  hot  fluid,  at  firfl:  finks,  but  pre- 
fently  rifes  again;  and  if  fet  in  a  cold  one,  firfl:  rifes,  and  then  finks (b).  This 
is  fhewn  to  be  owing  to  the  expan fion  or  contraction  of  the  glafs  on  the 
firfl:  application  (c).  Fire,  in  heating  fluids,  does  not  feem  to  expand  them 
equably,  but  per  faltus ,  or  by  certain  fits  ( d ).  Mercury,  being  put  in  a 
glafs  phial,  and  this  in  water,  and  fire  under  both,  till  the  water  boils,  the 
mercury  rifes  equably  •,  but  after  the  water  has  once  boil’d,  will  rife  no  fur¬ 
ther,  though  a  much  greater  fire  be  applied  :  and  hence  excellent  thermo¬ 
meters  may  be  made  of  mercury  (e). — Thefe  matters  I  thought  proper  to  infert, 
after  the  authors  here- mentioned,  to  give  further  roojji  for  fpeculation  *,  . 
fince  one  thing  may  frequently  corred  another.  If  you  take  two  cold  me¬ 
talline  rods  of  equal  weight,  heat  one  of  them  red-hot,  and  then  examine 
them  by  the  ballance,  the  hot  one  will  be  the  lighted:  ;  and  if  a  coal  be  laid 
under  the  cold  one,  they  will  return  to  an  equilibrium.  Two  metalline 
rods  being  hung  in  sequilibrio^  if  a  coal  be  laid  over  the  one,  it  will  become 
the  lighter,  or  if  laid  under  it  heavier  (/). 


(j)  Sturm.  Col.  Part.  II.  p.  ioi. 

(z)  Saggi  di  Natur.  Sperienf.  p.  182. 

[a)  Amontons  Mem.  Acad.  R.  1704.  p.  12. 
1705.  p.  4. 

(Z>)  Saggi  di  Nat.  Sper •  p.  178,  to  1 81. 


(f)  Ibid. 

(d)  Halley  TranfaB.  Abridge  Tom.  2.  p.2^4. 

(e)  Id.  ibid. 

(f)  Saggi  di  Nat.  Sper.  266. 
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Of  Fewel ,  or  the  Pabulum  of  Fire . 


HAV I N  G  ffiewn  that  fire  remains  always  the  fame,  without  altera- 


bodies. 


Two  ways  of  I ,  _ 

tion  either  in  its  nature  or  quantity  *,  and  that  it  may  be  colledted 
in  certain  bodies,  e.gr.  gold  and  fiver,  and  remain  a  considerable  time 
therein  without  caufing  any  fenfible  deftrudtion  of  them  ;  it  remains  to  ex¬ 
amine  thofe  bodies  wherein  fire  may  be  preferved  the  longeft  time  ;  but 
with  this  condition,  that  while  retained,  and  fometimes  alfo  increafed  there¬ 
in,  the  bodies  themfelves  are  confumed  and  diflipated  by  the  adtion  thereof, 
fo  as  almoft  to  difappear  from  our  notice  for  the  fire  once  collected  in  them 
ufually  continues,  and  retains  its  adtive  nature,  till  thofe  parts  of  the  bodies, 
wherein  it  was  before  fupported,  be  diflipated  by  the  fire  ;  and  when 
thofe  parts  are  thus  diflipated,  the  fire  itfelf  ufually  difappears,  nor  can  main¬ 
tain  its  power  long  after,  in  the  remains  of  fuch  body. 

2.  Wherefore,  ae  both  the  fire,  and  the  body  difappears  at  the  fame  time, 
thofe  bodies,  or  the  parts  thereof  wherein  it  was  found,  have  acquired  the 


The  proper 
meaning  of 


fewel  or  pa-  p0pU]ar  appellation  of  pabula ,  or  aliments  of  fire  •,  which,  with  this  limita- 
^rdaustofi-*  ^on’  1S  a^owat>le.  But  if  to  the  word  pabulum,  we  affix  the  precife  idea  of 
a  matter  feeding  fire,  and  converted  by  the  fame  into  the  very  fubftance  of 
elementary  fire ;  and  which  laying  afide  its  former  nature,  aflumes  that  of 
fire  juft  created,  we  make  a  conclufion,  which  before  it  be  admitted  as  true, 
deferves  mature  confideration  ;  and  which,  however  eafy  to  be  aflerted,  will 
be  very  difficult  to  prove.  In  effedt,  from  this  dodtrine  it  muft  neceflarily 
follow,  that  the  quantity  of  bodies  which  are  thus  employed  to  feed  and 
fuftain  fire,  as  being  continually  wafting  or  diminiftiing,  and  the  quantity  of 
elementary  fire  in  the  univerfe  being  increafed  in  proportion,  by  which  means 
fire  ftill  growing,  and  all  other  bodies  wafting,  we  fhould  by  this  time  have 
had  nothing  left  but  fire :  and  yet  by  comparing  the  moft  ancient  times 
with  our  own,  there  appears  not  the  leaft  indication  of  fuch  increafe  of  fire. 
On  the  contrary,  it  is  generally  obferved,  that  the  power  of  fire,  and  con¬ 
sequently  the  quantity  of  it,  remains  much  the  fame,  without  any  conftde- 
rable  increafe,  and  no  diminution.  Of  this  we  have  a  proof  from  thofe 
ingenious  and  accurate  meteorological  tables,  made  many  years  ago  by  that 
excellent  geometrician  Nichol.  Cruquius ,  which  ftiew  a  great  equability  in 
the  degree  of  heat.  So  after  the  burning  of  huge  forefts,  which  has  fbme- 
times  lafted  feveral  months,  the  leaft  addition  of  heat  has  never  been  ob¬ 
ferved  to  remain.  Might  we  not  expedt,  that  during  almoft  6000  years, 
wherein  the  whole  combuftible  matter  of  the  inhabitable  part  of  the  earth 
has  been  fo  often  burnt,  the  heat,  by  fuch  continual  augmentation,  muft 
have  at  length  become  too  fierce  for  tender  plants  and  animals  to  endure  ; 
whereas  in  reality  the  heat  has  ftill  continued  the  fame  in  every  quarter  of 
the  globe.  A  certain  determinate  warmth  of  the  air  and  foil  is  always 
neceffary  to  cherifti  the  tender  embryo’s  of  plants,  hidden  in  their  feeds,  to 
fill,  and  diftend  them  with  moifture,  and  thus  open  their  weak  fubtile  jiamina. 
A  heat  beyond  the  proper  limit  burns  up  the  originally  almoft  fluid  little  organi- 
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cal  body  at  its  firft  appearance  •,  or  if  the  heat  be  too  remifs,  the  embryo  droops 
and  perilhes  as  certainly.  The  like  holds  of  animals,  whole  male  feeds  infinu- 
ating  into  the  ova  of  the  females,  require  fo  temperate  a  warmth,  that  the 
hundredth  degree  on  Fahrenheit's  thermometer  burns  and  deftroys  them  •, 
and  they  can  hardly  be  brought  to  perfection  in  the  feventieth  degree  of  the 
fame.  So  the  impregnated  ova  of  infeCts,  which  will  endure  the  fevered: 
winter’s  froft,  are,  however,  foon  deftroyed  by  a  degree  of  warmth  a  little  more 
intenfe  than  ordinary.  Thus  if  we  purfue  our  enquiry  throughout  all  na¬ 
ture,  we  fhall  manifeftly  find,  that  fire  continues  the  fame  as  ever ;  nor  after 
fo  many  unhappy  conflagrations  caufed  by  meteors,  fo  many  eruptions  of 
burning  mountains,  fo  many  fires  in  kitchens,  ftoves,  and  furnaces ;  fo 
much  fire  and  defolation  in  war  by  the  accenfion  of  gunpowder,  do  we  find 
any  augmentation  of  fire  at  this  day :  we  may  add,  that  by  the  following 
examination  of  the  pabulum  of  fire,  it  will  plainly  appear,  that  the  cafe  is 

much  otherwife  than  is  ufually  imagined. - We  proceed  therefore  to  the 

confideration  of  this  ufeful  and  agreeable  point  ;  and  in  the  firft  place,  laying 
down  that  there  is  a  combuftible  matter  found  in  vegetable,  animal,  and 
foflil  bodies,  we  will,  to  proceed  the  more  diftinCHy,  next  confider  this 
matter  as  found  in  the  vegetable  clafs*,  fince  by  this  animals  are  alfo  fed  and 
fuftain’d  *,  and  we  find  this  clafs  eafier  to  examine  than  that  of  foflils. 

3.  All  known  vegetables  are  capable  of  burning,  and  in  fo  doing  of  feeding  Vegetable 
fire,  the  larch-tree  not  excepted  j  but  as  thefe  may  either  be  expofed  to  the  fewel. 
fire  crude,  and  in  the  condition  they  were  in  when  alive,  and  full  of  frefh 

juice,  or  as  dead  and  dried,  it  will  be  proper  to  confider  them  in  both 
thole  ftates  •,  and  becaufe  when  we  are  acquainted  with  the  green  kind,  what 
belongs  to  the  dry  will  be  eafily  underftood,  our  firft  enquiry  fhall  be  what 
it  is  that  is  properly  combuftible  in  green  or  living  plants. 

4.  All  crude  vegetables,  of  what  fort  foever,  contain  water,  a  fine  fub-  when  green. 
ftance  called  fpirit,  confifting  of  invifible  volatile  particles,  ufually.  odorous, 

which  ordinarily  refide  in  the  water,  and  when  feparated  therefrom,  diflipate 
in  the  air  ;  alfo  an  acid  volatile  fait,  which  ufually  appears  in  a  fluid  form, 
an  alcaline  volatile  fait,  a  very  light  volatile  oil,  and  ufually  ftrongly  im¬ 
pregnated  with  the  peculiar  fmell  of  the  plant,  a  more  fixed  and  ponderous 
oil,  a  black  coal,  which  being  agitated  by  a  ftrong  durable  fire  in  a  dole  fhe  process  of 
vefiel,  remains  fixed  and  black  ;  white  afhes  which,  remain  from  this  coal  after  ignition  in  <ve- 
burning  it  with  an  open  fire  •,  a  fait  left  in  thefe  allies,  which  being  extracted  !s 

from  them  by  lotion,  is  of  a  fixed  alcaline  nature  ;  and  laftly  pure  earth,  as  the  proper  fup- 

it  is  called,  the  remains  of  the  afhes  after  the  fait  is  extra&ed. - This  is  port  of  fire. 

an  accurate  enumeration  of  the  feveral  matters  ‘  drfcoverable  in  a  burnt  ve¬ 
getable  *,  and  among  thefe,  as  changed  by  the  various  adlions  of  fire,  we 
muft  enquire  which  it  is,  that  is  properly  inflammable  or  combuftible  in  re- 
fped  of  fire. 

5.  If  we  fuppofe  then  a  crude  vegetable,  with  all  the  above- mention’d 
parts  in  it,  committed  to  the  fire,  while  they  are  yet  moift,  it  will  firft 
yield  a  fmoke  or  vapour,  which  rifes  from  the  plant  in  form  of  a  cloud, 
and  according  to  the  conditions  of  the  fubjed  may  be  colle&ed  either  in  form 

of 
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of  an  acid  or  alcaline  water,  which  ufually  carries  its  fpecific  fmell  along 
with  it ;  and  this  vapour  is  very  thin,  light,  and  almoft  pellucid. 

6.  When  the  plant  is  deprived  of  this  firft  part  in  the  fire,  and  therefore 
begins  to  dry,  another  fume  begins  to  arifie,  which  is  ufually  black,  much 
thicker,  opake,  denfe,  acrimonious,  fetid,  and  grows  every  minute  more 
and  more  grofs,  denfe,  and  at  length  almoft  pitchy,  and  comes  out  whirl¬ 
ing  about  the  vegetable. 

7.  Soon  after  this  arifes  a  bright  fhining  crackling  flame,  in  lieu  of  the 
fmoke,  which  ends  where  the  flame  begins  •,  fo  that  there  is  always  the  lefs 
frnoke,  in  proportion  to  the  greater  clearnefs  of  the  flame  ;  and  if  the  flame 
be  again  extinguifh’d,  the  fmoke  appears  thick  and  black  as  before  j  if  fuch 
fmoke,  however  fluid  and  volatile,  be  collebted  into  a  mafs,  it  forms  a  black, 
unftuous,  tenacious,  fetid,  bitter  pigment,  called  foot. 

8.  The  vegetable.,  thus  confumed  to  fmoke,  flame,  and  foot,  leaves  an¬ 
other  part  behind,  which  may  be  ignited  like  a  metal,  but  is  utterly 
unfit  for  maintaining  fire,  and  is  called  afhes.  Thefe  afhes  are  various,  ac¬ 
cording  to  the  fpecies  of  the  vegetable  burnt  *,  thus,  if  it  abounded  in  vola¬ 
tile,  acrimonious,  faline,  alcaline  fumes,  the  afhes  will  be  almoft  infipid,  as 
we  find  in  garlic,  onions,  fcurvy-grafs,  rocket,  hedge-muftard,  crefles,  leek, 
water- mint,  muftard-feed,  treacle-muftard,  and  the  like  pungent  anti-fcor- 
butic  plants*,  where  the  fire  hardly  produces  any  fixed  fait.  On  the  con¬ 
trary,  if  the  plants  be  acid  and  fucculent,  much  fait  will  remain  in  the 
afhes  ;  as  we  find  in  the  green  woods  of  moft  trees,  which  being  laid,  in 

.  large  blocks,  on  the  fire,  diftil  a  great  quantity  of  acid  water  at  the  ends. 
Laftly,  if  the  plants  be  auftere,  acid,  or  aromatic  and  bitter,  their  afhes  will 
yield  the  greateft  plenty  of’ fait. 

9.  if  a  vegetable,  moderately  dried  by  exhaling  its  water,  yet  not  too 
old  and  faplefs,  be  expofed  to  the  fire,  the  fame  things  will  enfue,  and  in 
the  fame  order;  only  the  firft  watery  fumes  will  be  lefs  than  in  the  for¬ 
mer  cafe. 

10.  Laftly,  if  a  vegetable,  when  rotten,  fungous,  light,  dry,  and  old,  be 
laid  on  the  fire,  it  will  not  burn  with  fo  fierce  a  flame  ;  but  will  ignite  and  fhine 
for  a  little  while,  and  foon  fall  into  afhes,  which  have  fcarce  any  fait  in  them: 
and  it  will  afford  very  little  fmoke  or  foot. 

it.  And  as  all  thefe  things  are  obferved  in  the  burning  of  every  vegeta¬ 
ble,  we  may  hence  make  fome  inference  concerning  the  matter  in  them  which 
properly  burns. 

Tie  water  of  I  2«  Firft  then,  let  us  cqnfider  the  water,  which  makes  a  confiderable  part 
<v  g  tables.  "  in  all  vegetables  to  be  burnt ;  this,  it  is  true,  will  admit  a  certain  quantity 
of  fire,  and  retain  it  for  fome  time  ;  but  this  fire  only  rifes  to  about  212  de¬ 
grees,  before  it  affebts  the  particles  of  the  water,  and  their  fituation,  with  re¬ 
gard  to.  each  other,  in  fuch  manner,  as  that  they  will  admit  or  retain  no 
more  fire.  Thus  no  art  is  yet  known,  whereby  we  might  impregnate  the 
particles  of  water,  fo  as  to  give  them  a  fiery  brightnefs,  and  confequently 
make  them  yield  a  fhining  fmoak  :  far  from  this,  if  water  whether  hot  or 
cold  be  thrown  in  a  quantity  on  flame,  or  any  burning  matter,  it  imme¬ 
diately  reduces  fuch  fire  from  the.  degree  it  before  had,  to  its  own  degree  of 

5  2I2> 


The  Theory  of  Chemistry. 

212,  and  confequently  puts  an  end  to  all  burning,  takes  away  ignition,  ex* 
tinguifhes  flame,  and  diflipates  the  glittering  brightnefs  of  fire  :  and  when 
water  is  refolved  by  means  of  a  violent  fire  into  an  active  vapour,  which  dif- 
fufes  itfelf  brifldy  all  around  i  yet  being  thus  reduced  into  the  form  of  fume, 
it  exhibits  all  the  fame  effedts  in  refpedl  of  fire  •,  as  may  appear  by  this,  that 
if  a  live  coal;  or  a  burning  torch  be  put  in  the  thick  fleam  of  hot  water,  it 
will  be  as  perfectly  extinguifh’d,  as  if  water  had  been  caft  on  it.  So  it  ap¬ 
pears  by  chemical  diflillations,  that  water,  however  agitated  by  fire,  ftill 
remains  pure  water  as  before  yet  it  cannot  be  denied,  that  water  has  a 
great  effect  in  the  burning  of  vegetables,  which  would  hardly  happen  were 
the  water  away.  For  if  water  be  poured  on  boiling  oil,  we  find  a  new  ac¬ 
tion  arife  between  the  water,  fire,  and  oil,  very  different  from  what  would 
other  wife  have  obtain’d.  Suppofe,  a  pound  of  oil  boiling  hot  and  flaming  in 
a  copper  veflel,  the  fire  in  this  oil  will  be  about  600  degrees,  and  not  be 
very  violent,  if  the  oil  be  kept  ftirring  :  throw  an  ounce  of  water  at  once 
into  this  boiling  burning  oil,  and  it  will  produce  a  violent  noife  of  the  parts, 
with  a  ftrange  unequal  motion  through  the  whole  •,  for  the  water  caft  on 
the  hot  oil,  in  falling  into  the  pores  thereof,  by  its  weight,  meets  conti¬ 
nually  with  a  degree  of  heat,  almoft  triple  to  that  which  the  hotteft  water  is 
capable  of ;  by  which  means  the  particles  of  water  being  dilated  with  an  in¬ 
credible  force,  and  agitated  by  a  vehement  motion,  fttake  all  the  tenacious 
parts  of  the  oil,  diflipate  and  difpel  them  into  air  :  if  therefore  in  burning, 
water  and  oil  happen  to  meet,  a  new  and  very  different  fire  arifes  from  them, 
to  which  the  fmiths  are  no  ftrangers  •,  who  when  they  would  raife  a  fierce 
fire,  by  blowing  up  their  coals  with  the  bellows’,  firft  fprinkle  them  with  cold 
water.  Nor  muft  it  be  omitted,  that  a  greater  heat  may  be  communicated  to 
water,  when  the  weight  of  the  atmofphere  being  increafed,  it  is  more  com- 
prefled  thereby  :  and  in  effect  this  augmentation  is  fo  confiderable,  that  for 
every  increafe  of  the  weight,  a  fenfible  addition  is  perceived  to  the  degree  of 
the  heat.  If  therefore  in  burning,  the  water  fhould  be  comprefled  as  with 
a  double  weight  of  the  atmofphere,  its  power  of  difplofion  would  be  terrible. 
From  the  confideration  of  this,  1  have  often  wonder’d  at  the  immenfe  height 
to  which  the  heat  of  water  might  be  raifed  by  fire,  if  there  were  any  water 
in  the  centre  of  the  earth.  By  the  law  demonftrated  by  Mariotte ,  it  ap¬ 
pears,  that  air,  at  the  depth  of  409640  fathoms  under  the  furface  of  the 
earth,  would  be  as  heavy  as  gold.  Suppofing  this  law  to  obtain  every 
where,  how  much  greater  weight  then  muft  water  be  there  comprefled 
with ;  with  how  much  greater  force  would  fire  there  burn  and  would 
not  water,  if  there  heated  to  the  degree  of  boiling,  fhine  like  ignited  me¬ 
tals  (g)  ?  Befides  this,  we  find  another  extraordinary  power  of  water  on  fire  j 
for  if  a  fixed  alcaline  fait  be  fufed  with  a  ftrong  fire  in  a  crucible,  till  it  run 
like  water,  and  thus  be  expeditioufly  poured  into  an  iron  or  brafs  veflel  ; 
e.  gr.  a  mortar,  at  the  bottom  whereof  is  a  fmall  quantity  of  water,  the 
fait  will  fly  from  it  with  incredible  force,  as  the  chemifts  have  often  found 
to  their  great  lofs  and  danger.  But  nothing  is  more  terrible  than  the  power 
of  water,  applied  to  the  fire  found  in  melted  copper  •,  for  if  in  a  copper- 

foundery, 

(§•)  See  Hi  ft.  Acad.  R.  1703.  6.  and  Mem.  p.  joi. 
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foundery,  where  the  melted  metal  is  contain’d  in  large  veflels,  the  fmallefl: 
quantity  of  water,  by  misfortune  fall  on  it,  a  clap  like  thunder  with  horri¬ 
ble  force  is  immediately  produced,  which  throws  down  every  thing.  So 
if  a  few  grains  of  melted  copper  be  thrown  into  water,  a  fhock  immediately 
enfues,  which  burfts  the  ftrongeft  vefle.1,  both  at  the  bottom  and  fides,  con¬ 
verting  it  almoft  into  powder  (b).  Hence  may  appear  what  effedt  the  water 
naturally  contain’d  in  a  burning  vegetable  may  have,  in  refpedt  of  the  fire 
burning  fuch  vegetable,  if  we  confider  it  as  only  a  water ;  and  how  much  its 
power  may  be  ftill  increafed,  if  there  be  any  oily,  faline,  or  other  metalline 
parts  therein :  lb  that  a  body,  which  otherwife  is  thought  proper  for  fub- 
duing  the  force  of  fire,  may,  under  fome  circumftances,  prove  the  inftru- 
ment  of  heightning  and  increafing  it  beyond  belief. 

13.  We  proceed  now  to  examine  the  fpirits  of  vegetables,  which  fwim 
and  float  in  and  with  water,  in  the  natural  date  of  things  *,  or  without 
any  previous  fermentation.  Thefe,  however  pure  and  well  cleanfed  of 
water  we  may  endeavour  to  procure  them,  yet  we  never  find  any  thing 
in  them  to  fuftain  flame  or  fire :  on  the  contrary,  when  well  purified, 
if  we  cart  them  on  fire,  they  prefently  extinguifh  it,  provided  there  be  no 
oil  in  them.  Thus  if  green  rofemary  be  fo  treated,  as  to  exhale  its  fra¬ 
grant  water,  we  fhall  find  nothing  inflammable  in  it  ;  and  if  by  a  gentle 
fire  we  continue  further  to  feparate  the  odorous  part  from  the  other,  in 
clofe  veflels,  neither  will  this  be  found  fit  to  maintain  fire,  but  on  the  con¬ 
trary  will  put  it  out. 

14.  We  come  next  to  confider  that  part  by  chemifts  called  acid  falts, 
which  exhale  with  the  rvater^nd  odoriferous  fpirit  above-mention’d. 

15.  It  has  long  ago  been  obferved,  that  thefe  volatile  acid  falts  often 
prove  highly  acid,  as  appears  from  the  fmoke  raifed  in  the  burning  of  acid 
woods,  and  alfo  the  acid  foot  fometimes  collected  from  them :  and  in  di- 
ftilling  the  heavier  wcods,  as  box,  juniper,  guaiacum,  oak,  and  the  like, 
the  fpirits  obtain’d  am  almofl  as  acid  as  vinegar  itfelf  ;  the  fhavings  of  guai¬ 
acum  diftili’d  in  a  clean  veflel^  with  a  moderate  fire,  yield  a  liquor  which 
has  all  the  marks  of  a  thorough  acid  ;  and  this,  as  I  have  often  obferved, 
being  carefully  feparated  from  all  its  adhering  oil,  which  may  eafily  be 
done  by  filtration,  and  a  flow  diftillation,  becomes  exceedingly  acid,  liquid 
as  water,  and  confiderably  volatile :  yet  after  all  this  purification,  if  it  be 
call:  on  the  fire  or  flame,  it  does  not  increafe,  but  extinguifh  them.  That 
other  pure  and  vegetable  fpirit,  procured  by  fire  from  the  native  balfams 
of  plants,  has  the  fame  efFedt.  If  we  diftil  fome  pounds  of  the  pureft  tur¬ 
pentine,  in  a  clean  veflel  ;  with  a  fire  gradually  .raifed,  this  oily  fat  balfamic 
fubftance  will  yield  a  limpid  liquor,  intimately  mifcible  with  water,  and 
of  an  acid  tafte  *,  which  is  perhaps  one  of  the  nobleft  diuretics  known  :  yet 
this  too,  if  call;  on  fire,  puts  it  out  like  common  water.  From  all  which 
it  appears,  that  the  acid  volatile  fait,  found  in  burnt  vegetables,  is  not  fit 
for  the  maintenance  of  fire  or  flame,  but  rather  defiroys  them. 

16..  It  may  be  objected,  that  fulphur  is  made  of  the  foflil  acid  of  vitriol, 
alum,  or  pyrites,  with  a  vegetable,  or  foflil  oil.  Whence  it  feems  to  follow, 

that 


(/l)  See  Hijl.  Acad.  R.  1699.  p.  no, 
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that  the  latent  acid  in  this  fulphur,  affords  a  pabulum  for  fire  :  but  it  may 
be  confider’d,  that  the  oil  alone  here  affords  fuch  pabulum  ;  and  that  the 
acid  flies  unchang’d  out  of  the  flame,  in  form  of  fume,  which  does  not  flay 
in  the  flame  once  kindled,  but  trickling  down  in  drops,  returns  again  the 
fame  genuine  acid,  under  the  new  denomination  of  oil  or  fpirit  of  fulphur 
per  camp  an  am. 

1 7.  We  now  come  to  examine  volatile  alcaline  falts,  which  exhale  from  Volatile  ale  a* 
moft  vegetables  in  burning,  and  may  be  colledted  in  form  of  foot,  and  may  ^ne  falts. 
even  be  procured  from  fome  plants  by  diftillation  ;  as  from  garlic,  onions, 
feurvy-grafs,  rocket,  hedge- mu ftard,  creffes,  leek,  radifh,  muftard-feed, 
treacle-muftard,  and  the  like  :  if  the  falts  thus  produced,  be  carefully  fepa- 

rated  from  the  water,  fpirits,  and  acid  falts,  they  will  be  found  utterly  unfit 
for  burning,  and  not  at  all  inflammable  in  the  fire,  but  either  fly  fwiftly 
away,  or  diminifh  the  brifknefs  of  the  fire.  Neither  does  that  volatile 
alcaline  fait  procur’d  from  a  vegetable,  by  firft  putrefying  it,  though  ob¬ 
tain’d  in  greater  plenty,  or  ftronger  than  the  former,  appear  in  the  leaft 
fitter  for  the  fuftenance  of  fire.  But  this  is  to  be  underftood  of  thefe 
falts,  when  reduced  to  fuch  a  degree  of  purity,  as  that  no  oily  part  adheres 
to  them  ;  for  in  diftillation  as  well  as  in  burning,  the  volatile  faline  alcaline 
part,  riling  upwards,  carries  with  it  the  fetid  oil,  which  is  alfo  volatile  and 
clofely  united  with  the  former  *,  whence  we  may  fometimes  be  deceived  ; 
becaufe  the  fame  fait,  with  this  oil  adhering  to  it,  if  caft  on  the  fire,  will 
truly  burn  ;  but  when,  by  the  method  we  fhall  hereafter  explain,  the  oil  is 
all  perfe&Iy  feparated,  and  the  fait  left  pure,  its  inflammability  entirely 
ceafes. 

18.  Oil,  which  is  produced  from  vegetables  by  diftillation,  commonly  Efential oils. 
known  by  the  name  of  effential  oil,  appears  the  moft  volatile  of  all  oils 
procured  from  them  ;  and  at  the  fame  time  the  moft  genuine,  as  being 

lefs  adulterated  with  foreign  matters  than  the  reft.  If  this  oil  be  expofed, 
in  a  clean  veffel,  to  the  fire,  and  then  be  kindled  by  the  application  of 
flame,  it  will  burn  away,  and  fmoke  but  little  ;  leaving  behind  a  few  black, 
fungous,  friable,  carbonaceous  earthy  fasces  :  and  if  this  oil,  however  pure  it  is 
ufually  reputed,  be  again  diftill’d  from  boiling  water,  it  becomes  much  purer, 
thinner,  and  lighter  than  before  ;  leaving  behind  a  great  quantity  of  new 
faeces,  which  will  not  rife.  The  oil  thus  purified,  or  as  the  chemifts  call  it 
re&ified,  being  again  expofed  to  the  fire  as  before,  will  kindle,  and  in  burn¬ 
ing  yield  lefs  fmoke,  and  leave  lefs  faeces  than  before;  and  the  faeces  remain¬ 
ing  after  the  fecond  diftillation  will  be  much  lefs  combuftible  than  the  for¬ 
mer.  From  this  experiment  it  appears,  that  though  the  inflammable  matter 
be  here  diminifhed,  yet  what  remains  is  become  more  inflammable ;  and  ftiil 
fitter  and  fitter  for  the  maintenance  of  fire.  If  then  we  continue  this  purifi¬ 
cation  of  the  oil,  by  repeating  its  diftillation  from  water,  a  great  quantity 
of  oil,  before  thought  to  be  inflammable,  will  now  be  found  of  a  terreftriai 
nature,  and  unfit  to  burn  in  the  fire ;  and  the  other  oil,  which  again  rifes  in 
the  diftillation,  being  thus  further  feparated  from  the  incombuftible  faeces, 
becomes  every  time  lighter,  thinner,  and  more  limpid  ;  burns  clearer  in  the 
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fire,  yields  lefs  fmoke,  and  leaves  lefs  fasces  behind  it  ;  till  at  length,  after 
repeating  the  operation  a  multitude  of  times,  the  oil  becomes  exceedingly 
fubtile,  fcarce  yields  any  fmoke,  and  burns  away  without  leaving  any  fasces  : 
and  yet  this  laft  and  pureft  oil,  which  appears  wholly  inflammable,  if  di- 
ftill’d  over  again  in  a  clean  glafs  retort,  by  a  gentle  fire,  gradually  raifed, 
and  this  be  repeated  a  fecond  time,  the  greateft  part  of  it,  as  we  are  inform’d 
by  Mr.  Boyle>  will  turn  into  earthy  faeces,  remaining  at  the  bottom,  and 
fcarce  combuftible ;  the  oil  itfelf  at  every  new  diftillation  growing  ft  ill  purer, 
and  more  inflammable,  fo  as  to  burn  away  without  leaving  any  fenfible  faeces, 
or  yielding  any  fmoke.  If  then  all  the  faeces  obtain’d  by  the  repeated  diftil- 
lations  be  colle&ed  together,  and  burnt  in  a  clean  open  veflel,  in  the  open  air, 
they  will  ignite,  fparkle,  and  yield  a  fmoak,  and  fometimes  alfo  a  flame, 
and  at  length  fall  into  afhes  utterly  incombuftible.  Whence  it  appears  how 
little  a  part  it  is,  even  in  the  pureft  oil,  that  truly  burns,  or  turns  into 
flame,  exclufive  of  the  fmoke  and  afhes ;  which  will  be  a  confiderable 
point  gain’d  in  the  hiftory  of  fire,  confider’d  as  it  ads  on  its  fewel,  and  is 
aded  on,  and  changed  by  the  fame. 

Oil  extin-  19.  Hence  we  proceed  to  a  new  experiment.  Take  a  live  coal  full  of  fire, 

guijhine  fire  put  it  in  a  copper-  veflel,  and  pour  on  it  fome  cold  astherial  oil  of  turpentine, 
andjlame.  which 

is  held  the  mod  inflammable  of  all  oils  ;  and  to  our  great  furprize  it 
will  put  out  the  coal  of  fire,  with  a  fmoke  and  hifling,  as  certainly  and  rea¬ 
dily  as  if  water  had  been  poured  on  it ;  fo  that  cold  oil  is  not  kindled  by  fire 
after  the  manner  ufually  imagined,  but  requires  certain  conditions  in  the 
application  of  the  oil  to  the  fire.  It  will  be  imagined,  that  flame  is  neceflary 
to  this  kindling  of  oil,  let  us  therefore  make  the  trial. 

20.  Place  a  lighted  candle  in  a  veflel,  in  fuch  manner  as  that  the  extre¬ 
mity  of  the  flame  may  be  below  the  brim  ;  then  pour  the  former  pure  di- 
ftill’d  oil  of  turpentine  into  the  veflel,  and  as  it  rifes  up  to  the  flame,  we 
fhall  find  it  extinguifh  the  fame,  without  the  oil  catching  fire :  and  if  the  fame 
oil  be  heated  in  another  veflel  till  it  fmoak,  and  be  ready  to  boil,  and  while 
in  this  ftate  we  throw  in  a  fmall  live  coal,  we  do  not  ftill  find  the  oil  kindle, 
but  inftead  thereof  the  coal  finks  dead  and  hifling  to  the  bottom.  And  a- 
gain,  if  we  plunge  a  lighted  candle  in  the  fame  heated  oil,  inftead  of  giving 
fire  to  that,  it  becomes  extinguifli’d  itfelf. 

Empyreumatic  2i.  It  remains  to  try  thofe  other  vegetable  oils,  procured  by  diftilla- 
ci/s.  tion  in  dry  veflels,  without  the  addition  of  water,  having  the  empyreu¬ 

matic  fmell,  and  being  thicker  and  more  opake.  Thefe,  if  treated  after 
the  manner  above-mention’d  of  diftill’d  oils,  exhibit  the  very  fame  appea¬ 
rances.  At  firft  they  flame,  yield  a  black  copious  fmoke,  and  leave  a  great 
quantity  of  faeces  ;  but  by  repeating  the  diftillation,  become  ftill  purer,  lighter, 
more  limpid,  and  inflammable,  afford  lefs  fmoke,  and  leave  lefs  feces  ;  and 
when  purify’d  ftill  further,  burn  ftill  more  perfehfly  ;  thus  being  by  art  re¬ 
duced  to  a  kind  of  eflential  oils.  As  all  thefe  things  therefore  obtain 
in  all  oils  of  vegetables,  after  what  manner  foever  they  exift  therein, 
whether  by  a  native  concretion  in  other  parts,  or  by  a  natural  fecretion 
in  thofe  of  gum,  balfam,  rofin,  pitch,  or  by  diftillation,  or  laftJy  by  burn- 
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ing  *,  we  have  hence  a  view  of  the  true  nature  of  the  combuftible  matter, 
and  may  draw  feveral  conclufions  belonging  to  the  hiftory  of  fire :  for 
want  of  which,  great  miftakes  have  been  committed  both  about  the  nature 
of  fire  and  fewel. 

22.  All  vegetables,  when  burnt  fo  far  as  to  be  ignited  from  their  furface  Charcoal. 
to  the  middle  of  their  body,  but  not  wafted  to  afhes,  and  being  then  fud- 
denly  extinguifh’d  in  water,  or  fmother’d  by  excluding  the  air,  or  bury¬ 
ing  them  deep  under  afhes,  or  other  bodies,  lofe  their  fire,  and  are  con¬ 
verted  into  a  thoroughly  black  body,  called  coal,  or  charcoal ;  and  if  any 
vegetable  body  be  put  in  a  retort,  and  urged  with  fo  violent  a  fire,  fo  long 
continued,  as  that  nothing  more  will  rife  out  of  the  retort  into  the  re¬ 
ceiver,  the  whole  being  done  in  clofe  veflels  without  any  accefs  of  the  air  j 
upon  letting  all  cool  again,  we  fhall  find  at  the  bottom  of  the  retort  a 
black  vegetable  matter,  which  is  alfo  a  true  coal,  and  in  all  refpefts  like  the 
former.  Either  of  thefe,  when  very  dry,  being  laid  on  the  fire,  prefently 
catch,  and  retain  it  ftrongly,  till  confum’d  almoft  wholly,  without  yield¬ 
ing  fmoke,  fo  long  as  any  blacknefs  remains  ;  though  during  the  whole 
time  it  yield  an  exhalation,  which  if  received  in  a  clofe  place,  quickly  and 
infenfibly  deftroys  any  animal :  and  this  holds  whatever  the  operation  be 
perform’d  on,  herbs,  wood,  bituminous  turf,  or  peat.  After  all  the  black 
part  of  the  coal  has  been  thus  confum’d,  what  remains  is  a  whitifh  duft, 
called  allies  ;  on  which  the  fire,  however  applied,  will  have  no  further  effeeft. 

All  we  can  do  is  to  unite  fire  with  them,  as  we  do  with  metals,  ftones,  and 
the  like  bodies,  which  retain  fire  without  wafting.  It  is  moft  remark¬ 
able,  that  this  unfitnefs  in  coal  for  fuftaining  fire,  commences  at  the  fame 
time**,  that  its  blacknefs  gives  way  to  the  cineritious  or  aftv colour,  and  con¬ 
tinues  as  long  as  the  blacknefs  remains  ;  as  may  be  fhewn  by  a  familiar  ex¬ 
periment  in  a  {lender  kind  of  coal,  viz.  paper  burnt  to  blacknefs  :  for  if  a 
{park  be  caught  on  paper  thus  burnt  to  blacknefs,  it  will  run  this  way  and 
that,  ftill  deferting  the  parts  as  they  appear  cineritious,  and  fhifting  to  o- 
thers  where  the  blacknefs  yet  continues  •,  which,  when  it  has  confumed,  it 
immediately  quits,  and  takes  pofleftion  of  fome  neighbouring  part  yet 
black ;  till  having  confumed  every  part  of  that  colour,  it  leaves  the  paper 
only  a  (lender  compages  of  white  alhes.  Vegetable  coal  therefore  is  that  part 
of  the  plant,  from  whence  the  fire  has  expell’d  the  water,  fpirits,  volatile  falts, 
and  fotne  part  of  the  lighter  oil,  lefs  intimately  mixed  with  the  reft ;  leaving  be¬ 
hind  the  earth,  fix’d  fait,  and  grofs  oil,  which  being  rarified,  attenuated,  and  re¬ 
duced  to  a  black  colour  by  burning,  is  diffufed  over  the  increafed  furface  of 
the  earth  and  fix’d  fait :  for  all  that  appears  black  in  coal  is  the  mere  oily  part, 
which  being  rapidly  moved  in  the  firft  adtion  of  the  fire,  and  hereby  greatly 
extended,  freed,  and  as  it  were  extricated  from  the  uninflammable  parts  ; 
and  being  of  a  nature  neareft  a-kin  to  flame,  it  is  attra&ed  to  the  furface  of 
the  body,  and,  by  the  ftifiing  of  the  fire,  remains  Iprcad  on  the  outer  face 
thereof,  where,  before  the  fubftance  was  chang’d  to  coal,  there  refided 
water,  fpirits,  and  volatile  falts.  From  the  whole  we  may  infer,  that  the 
combuftibiiity  cf  coal  confifts  altogether  in  its  oil,  which  remains  in  it ;  and 
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that  the  other  parts  are  incapable  of  ignition,  or  inflammation,  fo  as,  after 
the  manner  of  a  fewel,  to  confume  by  the  fire  they  receive. 

AJhes.  23.  Not  to  omit  any  thing  belonging  to  this  hiftory,  we  proceed  to  ex- 
^■e  f  amine  the  aihes  of  vegetables  perfectly  burnt :  Thefe,  if  produced  from  a 

W  pabulum  \ of mere  vegetable,  are  of  a  white  colour,  and  a  faltifh  tafte,  a  few  inflances 
fire.  only  excepted ;  and  when  boil’d  with  fair  water,  in  a  clean  veflel,  yield  a 

lixivium  of  an  acrimonious,  alcaline,  fiery,  urinous  tafte  :  and  if  the  ope¬ 
ration  be  again  repeated,  and  the  water  a- top  be  poured  off  the  allies, 
and  frefh  water  poured  on  them,  boil’d  with  them,  and  poured  off  again, 
till  at  length  the  water  comes  off  as  infipid  as  it  was  poured  on  and  laftly, 
if  all  thefe  lixiviums  be  mixed  together,  and  evaporated  to  drynefs,  there 
will  remain,  at  the  bottom  of  the  veflel,  a  white,  ftiarp,  alcaline,  fiery,  fix’d 
fait,  which  being  made  red-hot  with  a  vehement  fire,  may  retain  the  fiery 
brightnefs  fome  time,  but  is  by  no  means  fit  to  feed  fire,  kindle  a  flame, 
or  burn  away  ;  fo  that  fix’d  alcaline  falts  appear  as  incombuftible  as  ftones. 


24.  And  if  that  part  of  the  allies,  which  remain’d  at  the  bottom  of  the 
water  after  the  feparation  of  this  fait,  be  carefully  dryed,  and  well  preferved 
from  all  admixture  of  other  matter,  it  will  be  found  a  light,  white,  Ample 
earth,  unalterable  by  fire :  whence  the  aflayers  make  their  tefts  of  this  mix’d 
with  fair  water  ;  and  if  continued  in  the  fierceft  fire,  for  the  longeft  time, 
it  will  keep  red-hot,  like  other  incombuftible  bodies,  but  never  burn,  flame, 
or  turn  to  the  nutriment  of  fire. 

Smoke,  2 5*  We  begin  now  to  perceive  what  part  of  the  vegetable  that  properly 

is,  which  in  a  common  fire  made  of  vegetable  matters,  feeds  fuch  fire  and 
flame i  and  what  thofe  are  which  remain  fo  long  in  the  burning  fire  :  but  while 
this  proceeds,  a  thick  fmoke  arifes  from  every  part  of  the  kindled  fire, 
which  at  firft  is  watery  and  thin,  but  grows  every  moment  thicker  and 
blacker,  and  moft  fo,  when  the  flame  is  ready  to  ftart  forth  ;  which  ufually 
happens  with  fome  crackling  noife:  upon  this  eruption  of  the  flame,  the 
fmoke  inftantly  diminifhes,  and  the  more  as  the  flame  is  quicker  and  brighter ; 
fo  that  when  this  is  in  its  utmoft  brightnefs,  the  fmoke  feems  to  ceafe  en¬ 
tirely,  tho’  fome  ftill  continues.  Hence  fmoke  feems  only  a  confufed  mafs  of 
different  parts  of  the  vegetable  fewel,  rapidly  moved  by  the  force  of  fire, 
and  thereby  carried  upwards,  and  continually  driven  againft  each  other, 
tho’  not  yet  kindled  to  a  compleat  ignition :  but  when,  by  the  continuance 
and  increafe  of  this  force,  thofe  parts  become  agitated  by  a  ftronger  fire  ap- 

A' volatile  plied  to  them  in  the  air,  they  grow  red-hot,  and  thus  of  fmoke  commence 

flame  ;  the  parts  of  the  fmoke,  by  fuch  attenuation,  appearing  perfectly  fiery. 
Hence  alfo  appears,  why  flame  playing  over  the  whole  burning  furface, 
feems  to  confume  all  the  lower  parts,  agitated  by  the  fire,  in  mere  flame  with¬ 
out  fmoke-,  it  being  certain  that  ali  but  the  watery  part  of  fmoke  may  be 
wholly  converted  into  flame.  This  was  long  ago  difcovered  by  an  elegant 
experiment  of  the  fire  confuming  fmoke,  wherein  the  eye  plainly  fees,  that 
the  black  fmoke  raifed  by  fire  from  vegetables,  is  itfelf  a  kind  of  coal,  com- 
buftible  in  a  ftrong  fire,  or  a  violent  flame;,  for  the  fmoke  here  fails  into  mere 

afhes,, 
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afhes,  or  becomes  fo  attenuated  in  its  fubftance,  as  to  efcape  our  fenfcs,  and 
vanifh  into  air. 

26-  The  inventor  of  this  fimple  inftrument  was  M.  Dalefme ,  an  ingenious  A  fire  made 
engineer  of  Paris ,  in  the  year  1686  (i).  The  ingenious  Mr.  Juftel  firft  exhi-  t0  °ur“  lts 
bited  the  figure  of  it  in  the  Philofophical  Transitions,  about  the  fame  time,  IV 

It  may  be  conceived  from  what  follows:  ABCD  is  a  cylinder,  made  of  ^  j  e 
hammer’d  iron,  hollow,  and  open  at  both  ends,  to  whofe  lower  bafe  0 
BD,  is  fitted  on  the  infide  a  fmall  cylindrical  kind  of  grate  BD,  which 
ferves  for  the  fire-place  of  the  inftrument,  being  fo  fitted  to  the  cylin¬ 
drical  tube  EFG,  as  that  the  cavity  of  the  one  correfponds  to  that  of  the 
other  *,  both  are  made  of  the  fame  capacity,  and  of  the  fame  matter,  and 
in  the  fame  manner  •,  the  tube  ABCD,  being  open  at  G,  and  fhut  at  E. 

If  then  the  tube  EFG  be  firft  well  heated,  and  live  coals  be  laid  on  the 
grate  BD,  and  other  combuftible  fewel  on  thefe,  the  flame  produced  here¬ 
by  will  defcend  into  the  tube  EF,  and  proceed  through  FG,  and  all  the 
heat  iflue  at  the  orifice  G  •,  the  fmoke  alfo  produced  thereby  will  all  take 
the  fame  courfe,  and  pafs  through  the  tube  EFG,  through  the  middle  of 
the  flame  which  fills  the  whole  cavity  thereof  by  which  means,  being 
adted  on  by  the  fire  through  its  whole  progrefs,  it  lofes  the  groflnefs  and 
other  properties  of  fmoke,  and  turns  into  flame ;  in  form  whereof  it  iflues 
at  G,  and  vanifhes  without  any  apparent  fmoke  or  foot.  M.  De  la  Hire 
has  added  fome  notes  and  obfervations  to  the  account  of  this  machine  (£). 

27.  And  not  to  be  wanting  in  my  endeavours,  I  have  contrived  an  engine  See  Plate  IV\ 
fomething  to  the  fame  purpofe.  ABCDEF  is  a  veflel  made  of  five  equal  Fig.  II. 
plates  of  hammer’d  iron  carefully  folder’d  together,  only  the  uppermoft  left 

open  at  ABCD  y  at  the  depth  of  El  within  the  veflel  is  a  grate  IKLM,  and 
on  the  fide  DF  is  an  elliptic  aperture  NO,  of  the  breadth  of  MK,  and  the 
height  of  El,  to  which  is  laftly  fitted  the  tube  OGH,  open  at  ON  and  H, 

and  every  where  of  the  fame  width. - If  then  we  place  burning  coals  on 

the  grate  LK,  till  the  veflel  is  hot,  the  air  in  the  aperture  of  the  tube  NOGP, 
will  heat  at  the  fame  time  ;  and  again  laying  coals  againft  the  part  of  the 
tube  NP  with  the  fame  view,  no  fooner  will  the  air  under  the  grate  and  in 
the  tube  NOGP  be  heated,  but  the  heat  before  found  in  the  veflel  CK, 
over  the  grate,  produced  by  the  coals,  will  begin  to  diminifti,  and  propor- 
tionably  thereto  the  heat  in  LF  under  the  grate,  and  in  the  tube  NOPG 
will  be  increafed  i  whence  it  appears,  that  the  powrer  of  the  fire  and 
flame  is  driven  downward,  which  produces  a  cold  over  the  coals  on  the 

hearth. - The  inftrument  being  thus  prepared,  fuppofe  a  quantity  of  ftraw 

laid  on  the  coals  when  kindled,  the  flame  will  fly  rapidly  downwards,  dart¬ 
ing  under  the  grate,  and  at  length  driving  through  the  tube  OGFI,  iflue 
without  fmoke  at  H,  where  it  produces  an  intenfe  heat,  at  the  fame  time 
that  the  fpace  CK  is  quite  cold. 

28.  The  like  will  be  found,  when,  inftead  of  ftraw  we  place  wood, 
turf,  fulphurs,  or  oils  :  and  fo  powerfully  is  the  fire  driven  thro’  this  tube, 

that 


(j)  See  the  Jour,  des  Scans.  of  that  year,  p.  1 16. 

{I),  See  die  place  above  cited  in  the  Jour  des  Scavanh 
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that  it  will  grew  red-hot,  and  the  fire  make  a  raging  noife.  It  is  further  obfer- 
vable,  that  bodies,  which  in  burning  ufually  yield  either  a  very  fetid  or  a  fra¬ 
grant  fcent  when  laid  oil  the  fire,  here  yield  not  the  lead:  fmell  at  all,  but  con- 
fume  away  without  the  leaft  fign  thereof ;  only  leaving  the  allies  at  the 
bottom  of  the  veflel  under  the  grate.  The  other  parts  are  all  impell’d  by 
the  atmofphere,  gravitating  on  the  aperture  of  the  fire-place,  into  the  other 
deeper  and  narrower  tube  ;  fo  that  all  the  fire  and  flame  here  is  found  in  the 
fpace  LFOGH. 

29.  Hence  all  the  combuftible  parts  of  the  fewel,  turn’d  by  force  of  fire 
into  the  thickeft  fmoke,  are  now  driven  into  this  pure  flame,  and  not  into 
the  open  air  ;  by  which  means  the  parts  of  the  fmoke  are  agitated  with  the 
utmoft  violence  within  the  fire  •,  whereby  in  fo  long  a  paflage,  and  fo  fierce 
a  fire,  they  become  fo  attenuated,  that  all  before  combuftible  in  them,  which 
is  capable  of  being  attenuated,  becomes  utterly  infenlible,  and  difli  pates  with¬ 
out  leaving  any  marks  of  their  peculiar  natures.  Smoke,  then,  appears  to  be 
a  cornbultible  matter  violently  agitated,  but  not  yet  brought  to  fiiine  or 
ignite ;  and  flame  is  the  fame  matter  at  length  perfectly  ignited  and  divided 
into  its  fmalleft  particles. 

30.  This  inflammability  of  fmoke  may  be  fhewn  by  other  experiments  : 
for  if  the  fhavings  of  guaiacum  be  diftill’d,  with  a  vehement  heat,  in  a  retort, 
there  will  appear  a  thick  fmoke  ;  and  at  the  end  of  the  operation,  when 
only  an  attenuated  and  rarified  oil  rifes,  if  this  fmoke  be  made  to  tran- 
fpire  through  crannies  in  the  luting,  and  a  candle  be  applied  thereto :  it  will 
catch  fire,  not  without  fome  danger  :  and  the  fame  may  hold  of  any  part  of 
an  animal.  Thus  fmoke  appears  near  a-kin  to  flame,  and  the  blacker  it  is 
fo  much  the  nearer,  in  regard  it  then  becomes  a  true  thin  attenuated  coal, 
extremely  volatile,  and  eafy  to  be  kindled,  as  may  appear  from  the  pre¬ 
ceding  hiftory  of  coal :  fo  that  the  oil  in  this  fmoke  is  the  only  pabulum 
it  affords  to  fire,  as  will  appear  more  clearly  hereafter. 

Soot.  31  Laftly,  in  the  burning  of  a  combuftible  matter,  the  fmoke  rifing  on 

high,  and  flicking  on  the  fides  of  the  chimney,  penetrates  the  fame  with 
a  black  untftuous  moift  fubftance,  which  gathers  on  the  furface  in  form  of  a 
black  fleece,  or  wool,  very  light,  and  ealily  fwept  off,  called  foot  ;  which 
is  itfelf  a  volatile  coal,  but  of  an  undftuous  kind,  and,  when  dry,  very  in¬ 
flammable.  It  is  extremely  bitter,  like  other  burnt  oils  ;  fat,  by  reafon  of  the 
abundance  of  oil  in  it;  and  black,  like  all  coals,  on  account  of  the  burnt 
oil  diffufed  over  it.  This  matter,  however  Ample  it  appear,  when  care¬ 
fully  analyfed  by  a  chemical  diftillation,  yields  firft  a  great  quantity  of 
water,  which,  when  collected  by  itfelf,  extinguilhes  fire  and  flame  ;  and 
the  watery  vapour  itfelf  exhaling  in  this  firft  diftillation  does  alfo  readily  put 
out  fire  ;  fo  that  it  can  hardly  be  properly  called  a  fpirit :  After  this  comes 
a  quantity  of  a  yellow  inflammable  oil,  which  affords  a  plentiful  nutriment 
to  fire  and  flame  ;  the  more  fubtile  part  of  this  oil,  called  by  the  name 
of  fpirit,  is  alfo  inflammable  :  after  this  it  affords  a  very  volatile  fait,  then 
another  lefs  volatile,  and  at  length  a  dryer  one;  from  all  'which,  if  we 
carefully  feparate  the  oil  and  lpirit  juft  mentioned,  there  will  be  nothing 
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inflammable  found  ;  but  a  mere  incombuflible  fait,  as  above  intimated.  The 
lafl  thing  in  this  analyfis  will  be  coal  ;  which  has  been  already  fufficiently 
confider’d. 

32.  Hence  we  fee  what  foot  is,  and  wherein  its  combufli'ole  part  re- 
fldes.  If  a  quantity  of  this,  gather’d  frefh  and  dry  from  the  chimney,  be 
laid  on  the  fire,  it  will  burn  vehemently,  and  break  into  an  open  flame, 
almofl  as  much  as  any  other  combuflible  matter,  as  men  have  often  found 
to  their  cofl  :  A  chimney,  under  which  great  ilore  of  combuftible  mat¬ 
ter  has  long  been  burning,  and  which  for  want  of  fweeping  is  become 
thick  lined  with  foot,  is,  upon  making  a  larger  fire  than  ordinary  under 
it,  apt  to  catch  fire,  which  burfting  out  a  top,  frequently  occafions  great 
damage. 

33.  From  the  whole  it  appears,  what  the  proper  inflammable  part  of  a  Conclusion  of 

crude  vegetable  is  ;  and  that  oil,  in  whatever  form  it  exifted,  whether  thick,  crude  vegeta,- 
or  thin  like  a  fpirit,  is  the  only  pabulum  of  fire.  blefewel. 

34-  By  what  has  been  above  laid,  we  f  nd  that  there  is  nothing  in  crude  iVine  not 
vegetables,  at  the  fame  time  capable  of  diffolving  in  water,  and  yet  of  feed-  lighted  by 

ing  or  fuftaining  fire. - If  we  proceed  to  confider  thofe  vegetable  matters,  fLre’ 

which  are  produced  by  a  chemical  fermentation,  from  plants  difpofed  to  ad¬ 
mit  fuch  fermentation,  we  fhall  find  that  called  wine  the  capital  one.  This 
liquor,  when  duly  refin’d,  and  brought  to  the  pureft  ftate,  yet,  if  caft  on 
the  fire,  prefeiitly  extinguifhes  it nor  can  ever  be  brought  to  burn,  or  made 
fit  for  the  maintenance  of  flame  :  and  if  the  wine  thus  examined,  be  again 
committed,  in  a  pure  glafs-veflfel,  to  a  moderate  fire,  the  moft  volatile  part  of 
it  will  gently  rife  in  form  of  a  fmoke,  which,  upon  applying  a  flame  to  it, 
will  fcarce  burn,  but  rather  puts  the  flame  out. 

35.  But  if  this  vapour  be  cooled  and  colledled  into  a  liquor,  and  heated  But  fpirit  of 
as  before,  it  will  afford  a  new  fluid,  which  will  mix  with  water,  and  alfo  wine  eafily. 
burn  with  fire,  yielding  a  plentiful  flame,  and  confuming  wholly  therein  ; 

for  the  vegetable  matter  which  remains  of  the  wine,  whether  it  be  its 
faeces,  or  what  flays  behind  after  the  above-mention’d  diftillation,  if  it  be 
tried  with  fire,  will  yield  much  the  fame  fubftances,  as  we  have  above 
fhev/n  to  be  produced  from  a  crude  vegetable.  From  which  inflance  it 
appears,  that  fermentation  produces  a  vegetable  moiflure  mifcible  with  wa¬ 
ter,  and  fit  for  the  fuftenance  of  fire  ;  which  was  not  before  fouiid  in  the 
crude  plant. 

36.  We  proceed  now  to  confider  vegetables,  as  treated  in  another  man-  Putrefied  <ve. 
ner.  If  crude  vegetables,  while  full  of  their  native  juice,  be  laid  in  large  getables  tuke 
heaps,  or  flow’d  in  large  wooden  veflels,  and  there  kept  clofe  and  well  ^re‘ 
prefs’d,  they  will  fpontaneoufly  conceive  heat,  emit  watery  fumes,  a  rank 

fmell,  and  at  length  thick  fmoke,  flame,  and  fparks  :  whereas  if  the  fame 
vegetables,  after  gathering,  be  dried  in  the  air,  and  then  heaped  up  as 
before,  they  wiil  remain  without  alteration  •,  but  if  in  this  flate  they  be 
again  well  moiflen’d  by  pouring  water  on  them,  they  will  be  difpofed,  as 
before,  to  gather  heat  and  fire  •,  and  if  after  long  continuing  hot  in  this 
manner,  without  any  flame  enfuing,  they  grow  cool  again,  we  fhall  find 

them. 
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them  perfectly  putrefied,  and  turn’d  to  a  fetid  pulp  ;  which  being  diftill’d, 
will  firft  yield  a  watry  vapour,  which  puts  out  fire  and  flame  \  and  if  the 
remainder  be  tried  and  burnt  by  an  open  fire,  it  will  yield  much  the  fame 
as  the  former,  either  crude  or  fermented  vegetables,  produced  by  burning. 

37.  Laftly,  if  vegetables,  when  perfectly  putrefied,  be  {lowly  diftill’d,  with 
a  moderate  fire,  in  a  glafs  retort,  till  they  are  left  almoft  dry,  the  firft  matter 
that  rifes  will  be  a  fetid  unftuous  turbid  water,  containing  a  volatile  alcaline 
fait  diflolved  therein,  procurable  by  art  in  its  proper  form  *,  the  unftuoufnefs 
of  the  water  being  rather  owing  to  this  than  to  an  admixture  of  true  oil.  For 
whether  we  caft  this  liquor  into  the  fire,  or  feparate  the  compound  fluid 
into  a  purer  water,  and  its  proper  fait,  and  thus  caft  both  feparaiely  into 
the  fire,  the  event  will  be  the  fame,  and  the  fire  be  equally  extinguifhed  in 
both  cafes. 

38.  If  the  putrefied  matter,  after  feparating  this  firft  liquor,  be  putalmoft  dry 
in  a  retort,  and  the  remainder  be  urged  by  a  ftronger  fire,  there  will  firft  arife 
a  thin  fluid  unttuous  matter,  which  fwims  in  water,  ftinks,  and  feeds  flame 
like  oil,  or  fpirit  of  wine.  After  this  fpirit  or  thin  oil  is  thus  feparated, 
if  the  fire  be  raifed  ftill  further,  a  volatile  alcaline  fait  and  a  thicker  oil  will 
arife  together,  in  confiderable  quantity  ;  and  as  this  oil  is  ftill  found  in¬ 
flammable,  fo  the  fait  ftill  remains  incombuftible.  Laftly,  if  what  remains 
after  the  preceding  feparations,  be  urged  for  a  long  time,  by  a  ftill  ftronger 
fire,  it  will  yield  another  thicker,  and  almoft  pitchy  oil,  and  which  is  found 
very  combuftible  :  and  at  the  fame  time  with  this,  there  will  arife  a  thick  va¬ 
pour,  which  on  the  application  of  a  burning  candle  readily  catches  fire  in 
the  open  air.  After  all,  if  the  fire  be  ftill  kept  up  in  its  higheft  degree,  a 
phofphorus  will  be  produced  *,  and  this  out  of  a  vegetable,  though  not  in 
fo  folid  a  form  as  that  from  the  .parts  of  animals  *,  yet  in  other  properties 
near  a-kin  to  it.  After  the  phofphorus  nothing  remains  of  the  vegetable 
matter  but  a  black  coal  at  the  bottom  of  the  veflel,  fuch  as  that  above  de¬ 
ferred  ;  wherein  a  black  inflammable  oil  predominates,  and  no  fix’d  fait  can 
be  found. 

39.  From  all  which  we  may  fiifely  pronounce  concerning  the  parts  of 
plants,  both  of  thofe  which  fpontaneoufly,  on  the  application  of  fire,  will 
catch  flame,  and  confume  therein,  and  withal  continue  or  fuftain  the  fire  in 
that  place  for  fome  time  •,  and  of  thofe  which  by  any  art  may  be  procured 
from  them,  capable  of  producing  the  fame  effe6t :  fo  that  among  thefe  parts, 
water,  native  fpirits,  all  falts  and  earths  of  plants  are  difpofed  to  be  heated  by 
fire  •,  and  confequently  would  admit  fire  within  them  ;  and  when  admitted, 
retain  and  prefer ve  it  a  confiderable  time,  with  the  limitations  above  ex- 
prefs’d  ;  and  by  their  means  the  fire  alfo,  which  they  have  conceived,  may 
be  communicated  at  pleafure  to  other  bodies  :  alfo  the  fix’d  falts  and 
earths  of  fuch  vegetables  are  capable  of  being  ignited  by  a  ftrong  fire,  and 
of  preferving  their  rednefs  for  fome  time,  but  no  one  of  thefe  four  parts 
is  any  way  capable  of  being. turn’d  to  flame,  or  confumcd.  by  it  ;  as 
is  neceftary  to  a  proper  pabulum  of  fire  •,  and  the  oils  of  plants,  of 
what  kind  foever  they  be,  alfo  their  balfams,  gums,  and  refins,  and  the 

gummo- 
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tummo-refinsarifing  from  a  mixture  hereof,  are  all  five  capable  of  being  heated 
y  fire,  of  retaining  the  fire  a  confickrable  time,  of  communicating  it  to  o- 
thers,  even  without  ignition  or  inflammation,  but  by  a  further  fire  they  will 
melt,  boil,  and  feed  fire  and  flame  •,  yet  this  their  inflammation  only  reaches 
to  that  part  of  them  which  is  oily  ;  the  other  parts  in  them,  being  chiefly 
earthy,  undergo  the  fame  as  above- mention’d. 

40.  Laftly,  vegetable  fpirits  produced  by  fermentation,  oil  left  in  fer¬ 
mented  bodies,  or  extradited  therefrom,  fpirits  alfo  and  oils  produced  by  pu¬ 
trefaction,  all  of  them  confider’d  as  pure  fpirits,  or  oils  of  fuch  kinds,  are 
every  where  abfolutely  inflammable :  from  whence  again  it  appears  by  un¬ 
deniable  experiments,  that  the  oils  of  vegetables,  of  whatever  kind  they  be, 
are  the  only  matter  in  them  capable,  without  the  addition  of  any  other  parts, 
of  being  agitated  by  the  fire,  fo  as  to  produce  true  flame  *,  and  when  once 
produced,  preferve  it  as  long  as  the  oily  part  lafis:  and  in  the  mean  while  they 
are  fenfibly  confum’d  by  this  flame,  till  at  length  they  difappear,  and  the  flame 
ceafe  at  the  fame  time.  And  tho’  this  oil  exifl:  in  vegetables  after  very 
different  manners,  and  may  be  chang’d  by  very  different  caufes,  yet  while 
it  remains  oil,  it  ftill  continues  inflammable,  in  the  fenfe  above  explain’d: 
and  as  fermentation  and  putrefaction  attenuate  this  oil  to  fuch  a  degree 
as  to  turn  it  into  a  fubtile  fpirit,  capable  of  mixing  with  water  *,  yet  fuch 
fpirits  ftill  remain  inflammable,  and  have  the  effects  before  fpecify’d  con¬ 
cerning  true  oils,  as  the  pabulum  of  fire.  And  further,  whenever  all 
that  part,  which  has  the  character  of  a  true  oil,  is  perfectly  feparated 
from  any  vegetable  compound,  or  the  feveral  parts  thereof ;  what  remains 
is  not  capable,  by  any  art  or  means  hitherto  difcover’d,  of  being  brought 
into  a  condition  to  conceive  or  nourifh  flame :  yet  the  watery  fpirituous 
faline  and  terreftrial  parts,  while  they  contain  thofe  oils,  are  violently 
agitated  and  moved  by  the  fire  in  kindling  of  the  oil,  and  thus  increafe 
the  force  of  the  fire  by  their  vehement  agitation  amongft  the  fire,  and 
produce  a  great  attrition  in  the  flame  itfelf,  by  the  agitation  of  their 
parts  (m).  Hence  alfo  thofe  parts  thus  agitated,  communicate  the  fire  with 

much 


( m )  One  great  effect  of  the  matter  of  light, 
diffufed  among  terreftrial  bodies  is,  according 
to  the  younger  Lemery ,  that  being  detained, 
and  mix’d  along  with  certain  compofitions  of 
fait,  earth,  and  water,  it  therewith  forms 
oils,  fats,  and  in  a  word  all  inflammable  mat¬ 
ters,  which  are  only  fuch  in  virtue  of  the 
particles  of  fire  they  contain.  What  princi¬ 
pally  inclines  us  to  this  opinion,  is,  that  in 
the  analyfis  fuch  bodies  are  reduced  into  fait, 
earth,  water,  and  a  certain  fine  fubtile  matter 
which  pafl'es  through  the  clofeft  veflels  ;  fo 
that  what  pains  foever  the  artiit  ufes  not  to 
lofe  any  thing,  he  ftill  finds  a  confiderable  di¬ 
minution  of  weight. 

’Tis  certain  that  fait,  earth,  and  water, 
whether  united  together,  or  feparated,  never 


become  inflammable  ;  but  even  hinder  or  re¬ 
tard  flame,  in  bodies  that  are  inflammable.  It 
may  even  be  advanced,  that  thefe  principles 
are  of  no  ufe  in  the  compofition  of  inflamma¬ 
ble  bodies,  but  to  detain  and  arreft  the  parti¬ 
cles  of  fire,  which  are  the  real  and  only  mat¬ 
ter  of  flame ;  and  which  only  rifes  into  the 
air  under  this  form,  when  the  inflammable 
body  having  been  expofed  to  fome  external 
fire,  has  had  its  cells  or  veficulae  broken  up, 
and  the  contained  fire  fet  at  liberty.  It  ap¬ 
pears,  therefore,  to  be  the  matter  of  flame 
that  the  artift  lofes  in  decompounding  inflam¬ 
mable  bodies  *. 

M.  Homberg  indeed  contends,  that  fulphur 
or  oil  is  fire  itfelf ;  or  that  there  is  no  ful¬ 
phur  befides  fire.  In  the  analyfis  of  oils, 
S  f  fays 


*  Mm.  de  1' Acad.  an.  1713. 
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much  greater  force  to  other  bodies,  and  alfo  defend  the  oils  for  lome  time, 
and  prevent  their  being  too  quickly  confumed  by  the  flame,  and  thus  hin¬ 
der  the  fewel  from  being  wafted  too  foon. 

41.  From  all  which  effeds  duly  confider’d,  it  appears,  that  the  power  of 
vegetable  fire  does  not  only  depend  on  the  mere  elementary  fire,  and  the  oil 
kindled  by  it,  but  more  efpecially  on  thofe  other  incombuftible  parts  agi¬ 
tated,  with  great  vehemence,  within  the  fphere  of  adivity  of  the  fire. 
Hence  elementary  fire  acting  on  the  pureft  of  all  combuftibles,  viz.  highly 
redify’d  fpirit  of  wine,  does  not  produce  fuch  violent  effeds,  nor  fo  in- 
tenfe  a  heat,  as  when  it  ads  on  heavy  pit-coal,  the  greateft  part  of  which 
is  uninflammable.  So  the  unduous  wood  of  the  pine-tree  affords  a  ftronger 
fire,  than  the  pureft  oil  when  carefully  purged  of  all  uninflammable  matter  •,  and 
hence  alfo  this  paradox,  that  inflammable  matter  alone,  with  pure  fire  alone, 
often  affords  a  lefs  fire,  than  inflammable  mixed  with  uninflammable  matter. 
For  this  end  the  author  of  things  has  no  where  created  any  pure  inflammable 
body  ;  but  has  every  where  hid  it  within  the  veins  of  other  incombuftible 
bodies,  that  it  might  hereby  produce  the  ftronger  effeds.  This  being  a 
matter  of  great  importance,  will  require  to  be  thoroughly  underftood.  Sup- 
pofe  then  an  unduous  wood  laid  on  an  open  fire,  the  mere  mixture  of 
its  oil  with  the  fire  will  produce  a  flame,  which  playing  over  the  furface 
of  the  wood,  kindles,  confumes,  and  converts  into  new  flame  all  the  oily 
part  it  can  touch  ;  by  which  means  the  firft  flame  is  not  only  kept 
alive,  but  continually  increafed  *,  fo  long  as  this  oil  meets  the  adive 
force  of  the  flame :  in  the  mean  while,  the  fait  and  earth  ftill  clofely  cohere 
with  the  oil  to  be  burnt,  and  become  divided  into  minute  parts  by  the  ra¬ 
pidity  of  the  kindled  oil,  and  are  agitated  in  the  oil  more  than  the  parts  of 
the  oil  itfelf ;  thus  undergoing  a  prodigious  attrition,  the  quickeft  of  any 
we  can  well  conceive  *,  which  violent  attrition  of  thofe  hard  parts  fo  ftrongly 
comprefs’d  by  the  atmofphere,  draws  the  fire  to  thofe  places,  and  thus  ren¬ 
ders  it  much  hotter  and  more  copious  than  before:  which  increafe  of  fire,  in  its 
turn,  ftill  further  agitates  the  oil  j  fo  that  from  the  whole  *tis  eafy  to  conceive 
the  force,  of  a  fire  thus  kindled.  While  this  paffes,  the  folid  body  of  the  wood 
laid  on  the  fire  grows  hot  through  its  whole  fubftance,  and  by  degrees  rari- 
fles,  difpels  the  elaftic  parts  with  great  vehemence,  and  pours  out  its  melted 
oil,  and  by  fuch  fucceftive  action  continues  the  fire.  Laftly,  if  it  be  confi¬ 
der’d  that  pure  oil  alone  burns  in  the  fire,  it  will  follow,  that  the  oily  tena¬ 
cious 

fult,  he  allures  us,  of  a  great  number  of  o- 
perations  of  this  kind,  gave  him  plain  indi¬ 
cations,  that  ’tis  fire  is  the  principle  fulphur, 
and  that  this  is  the  only  adlive  matter  in  all 
bodies. 

To  fepport  this  opinion,  he  endeavours  to 
Ihew  that  fire,  or  the  matter  of  light,  is  al¬ 
ways  in  motion  and  a&ion ;  and  that  this 
matter  may  be  introduced  into  the  other  prin¬ 
ciples,  change  their  figure  and  augment  their 
weight  and  bulk,  and  conneft  them  together, 
fo  as  to  produce  all  the  mixts  which  fall  under 
our  obfervation.  Mem.  de  l'  Acad.  an.  1705. 


fays  that  author,  their  whole  fubftance  be¬ 
comes  reduced  into  a  deal  of  aqueous  matter, 
feme  infipid  earth,  and  a  little  fait,  partly 
volatile  and  partly  fixed  ;  the  real  principle 
fulphur,  which  connected  thefe  feveral  ingre¬ 
dients  together,  to  make  an  oil,  being  loft 
in  the  operation.  The  fame  befalls  the  ful¬ 
phur,  in  all  bodies  whatever,  that  undergo  a 
rigorous  analyfis ;  fo  that  we  have  no  pofitive 
way  of  arriving  at  the  knowledge  of  its  na¬ 
ture  by  the  decompounding  of  mixt  bodies  : 
hence  he  was  led  to  examine  it,  by  making 
artificial  mixts  or  compositions.  And  the  re- 
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cious  foft  parts  thereof  are  fwiftly  agitated  every  way  by  the  particles  of 
fire,  but  do  not  produce  fo  much  attrition,  nor  of  confequence  fo  ftrong  a 
fire  :  indeed  they  burn  quicker,  but  then  their  flame  is  more  Ihort-lived, 
and  does  not  adt  fo  fiercely. 

42.  Having  faid  thus  much  concerning  vegetable  fewel,  it  remains  to  con- 
fider  the  adtion  of  nature ;  while  this  matter  being  committed  to  the  fire 
feeds  the  flame. 

43.  I  have  been  at  great  pains  with  this  view  ;  and  in  the  courfe  of  Hozv/,e  is 
my  enquiry  find  firfi:,  that  all  thofe  parts  of  vegetables,  which  are  capable  fupportedby 
by  fire  of  making  a  true  flame,  are  eafily  mifcible  among  each  other,  when-  its  pabulum. 
ever  they  are  pure,  Ample,  and  inflammable.  Thus  alcohol,  which  is  the 

only  known  body  perfedlly  inflammable,  however  prepared,  provided  it  be 
pure,  may  be  intimately  mixed  with  any  other  alcohol  prepared  in  any  other 
manner,  without  the  lead:  alteration  thence  arifing.  So  alfo  all  pure  oils, 
when  rightly  purged  of  other  parts,  will  mix  thoroughly  with  each  other, 
as  appears  from  all  inftances  ;  though  there  are  fome  oils  prepared  from  femi- 
foflil  matters,  as  amber,  and  the  like,  which  by  a  long  diftillation  yield  a 
fort  of  oils  which  lie  in  feparate  ftrata  over  each  other,  without  mixing  to¬ 
gether  ;  but  then  it  is  to  be  oblerved,  that  thefe  ponderous  oils,  forced  over 
by  the  ultimate  force  of  fire,  contain  much  of  the  mafs  of  the  body  itfelf,  li¬ 
quified  and  mixed  with  them.  Befides,  we  are  here  only  fpeaking  of  vege¬ 
table  oils,  with  regard  to  which  it  may  be  faid  univerlally,  that  they  are  all  of 
fuch  a  nature,  as  to  be  eafily  mifcible  into  a  liquid  concrete,  uniformly  fimi- 
lar.  Again,  all  the  purefl:  oils,  and  alcohol  itfelf,  may  be  fo  accurately 
mix’d  together,  as  to  form  one  homogeneous  fluid,  in  which  even  the  belt 
microfcope  fhall  not  difcern  the  leaft  diverfity  of  parts  ;  which  however  is 
to  be  understood  with  this  redridion,  that  there  be  not  the  fmalleft  drop  of 
water  in  fuch  oil  or  alcohol,  otherwife  fo  intimate  a  mixture  will  not  be  made. 

So  alfo  camphor,  which  may  be  reckon’d  among  the  vegetable  folids,  burns 
wholly  away,  diflolves  and  mixes  intimately,  not  only  in  alcohol,  but  in 
any  pure  oil :  and  the  like  holds  of  other  perfectly  inflammable  vegetables, 
which  mix  in  oils  or  alcohol  the  more  thoroughly,  as  they  are  more  entirely 
inflammable :  the  fame  holds  of  refins,  balfams,  and  gummy-refins,  which, 
when  mixed  under  the  conditions  above  fpecify’d,  may  be  liquify’d 
even  by  a  fmall  degree  of  heat,  or  even  run  fpontaneoufly.  Thus,  how 
eafily  does  camphor  melt,  as  alfo  balfams,  colophonies,  and  rofins  ?  ’Tis 
certain  many  of  thefe  inflammable  bodies  are  incapable  of  being  frozen  by 
any  degree  of  cold  hitherto  known  ;  as  appears  in  linfeed  oil,  and  others. 

Nor  mull  it  be  omitted,  that  all  thefe  perfedly  inflammable  bodies,  whe¬ 
ther  they  be  pure,  or  mixed  together,  contain  certain  vifcid  parts  which 
produce  a  brifk  cohefion,  and  make  a  confiderable  refinance  to  their  fepara- 
tion.  Thus  if  we  confider  alcohol,  the  moil  fubtile  of  all  known  fluids,  we 
find,  the  parts  even  of  this  run  into  a  kind  of  veins  or  fpires,  which  have 
an  apparent  lentor  or  cohefion.  So  in  mixing  pure  alcohol  with  water,  we 
ev^n  then  find  the  parts  of  the  alcohol  tending  to  cohere,  and  fliooting  like 
little  eels  between  the  water:  fo  if  an  oil  be  diluted  with  alcohol,  the  like 
firia  are  found,  which  is  a  proof  of  their  cohefion.  Add,  that  all  the  oils, 
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which  are  held  inflammable,  burn  fo  much  the  quicker,  the  more  perfe&ly, 
produce  lefs  fmoke,  and  leave  fewer  afhes,  the  lefs  thicknefs  they  have,  and 
the  nearer  they  approach  to  the  tenuity  and  fubtilty  of  alcohol :  but  at 

the  fame  time  the  flame  will  be  fo  much  the  weaker,  as  thefe  oils  are  the 

thinner. 

44.  Having  faid  thus  much  concerning  the  nature  of  the  pabulum  of  fire, 
we  proceed  to  fhew  the  manner  wherein  fire  adls  on  this  pabulum,  and  the 
reaction  of  the  pabulum  itfelf  on  fire :  and  to  this  purpofe  we  fhall  exhibit 
fame  further  experiments. 

EXPERIMENT  I. 

Flame  and  45.  Putting  fome  pure  cold  alcohol,  which  is  the  moft  inflammable  of  all 
fire  quench  d  known  fluids,  in  a  clean  cylindrical  brafs  veflel,  and  then  plunging  flaming 
y  a  C0J  brimftone-match  therein,  one  would  expedt  that  the  alcohol  fhould  thence 

catch  flame,  inftead  of  which  the  match  itfelf  is  immediately  extinguilh’d,  as 
entirely  as  if  it  had  been  plung’d  in  cold  water.  But  what  is  ftill  more  ex¬ 
traordinary,  if  we  take  a  live  burning  fparkling  coal  out  of  the  fire,  and 
immerge  it  expeditioufly  in  the  alcohol,  this  likewife  will  be  extinguifh’d  as 
readily  as  if  it  had  been  thrown  into  water.  But  if  the  former  fulphur-match 
be  of  fufficient  length  for  the  tip  of  it  to  enter  below  the  furface  of  the  fluid, 
and  yet  fome  of  the  fiery  part  ftill  remain  above  it,  the  alcohol  will  then 
catch  fire,  and  the  flame  will  prefently  fpread  over  the  whole  furface. 


COROLLARY  I. 

46.  Hence  it  appears,  that  the  moft  inflammable  of  all  bodies  can  only  catch 
fire  on  its  outermoft  furface  contiguous  to  the  airi  and  that  fire,  ifimmerged 
in  the  body  of  the  inflammable  matter,  fo  as  to  leave  no  lighted  part  above 
fuch  furface  in  the  air,  is  fo  far  from  kindling  the  inflammable  body,  that 
itfelf  becomes  extinguifhed. 

COROLLARY  II. 

47.  It  is  falfe,  therefore,  that  fire  can  eafily  kindle  even  thofe  bodies  which 
are  moft  inflammable. 

EXPERIMENT  II. 


The  prefer va-  48.  Filling  the  fame  veflel  again  with  pure  alcohol,  and  heating  the  fame 

tianef fire  and  pucfl  degree  as  to  make  it  fmpke,  approach  a  lighted  candle  to  the  fumes 

JT7l  ’J  a  arifing  from  the  hot  alcohol,  the  refult  will  be,  that  the  flame  of  the  candle 
no  fooner  comes  iti  contact  with  thofe  fumes,  than  they  catch  fire,  which 
foon  fpreads  over  the  whole  furface  of  the  liquor  ;  but  ftill  the  flame  thus 
conceived  confines  itfelf  ftridtly  to  the  Superficial  parts,  as  a  limit  beyond 
which  it  cannot  pafs ;  nor  can  it,  by  any  art,  be  brought  to  turn  any  of  the 

alcohol 
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alcohol  below  the  furface  into  flame ;  but  the  bulk  of  the  alcohol  ftill  re¬ 
mains  entire,  tranfparent,  unignited,  under  the  flaming  furface  ;  nor  is  at  all 
confumed,  except  fo  far  as  fome  of  the  fpirituous  parts  feparated  from  the 
reft,  and  carried  upwards  by  the  heat,  arrive  at  the  furface  of  the  alcohol  con¬ 
tiguous  to  the  air,  where  they  are  prefently  kindled.  In  effedt,  ’tis  impof- 
fible  to  fet  any  on  fire  except  fuch  as  have  rifen  fo  as  to  float  in  the  air,  as 
may  be  fully  fhewn.  For  if  cold  alcohol  be  kindled  flowly  oil  its  furface  by 
the  application  of  a  fulphureous  body,  after  the  manner  above  indicated,  viz. 
fo  as  that  part  of  the  lighted  body  remain  above  the  furface  of  the  alcohol, 
while  the  reft  is  plunged  into  the  body  of  it  *,  only  a  fmall  weak  flame  will 
be  excited  thereby  :  but  when  the  alcohol  is  firft  heated,  and  emits  its  fpiri- 
tuous  parts  into  the  air  through  the  furface,  the  flame  it  then  catches  is 
greater  and  more  violent  ;  as  more  parts,  being  thus  emitted  into  the  air,  are 
capable  of  being  turn’d  to  flame.  Thus  in  the  prefent  veflel,  the  fame  al¬ 
cohol  ftill  yields  a  more  copious  flame,  the  more  it  is  heated  thro’  its  whole 
fubftance  *,  and  confequently,  when  heated  fo  as  to  boil,  it  will  yield  the 
ftrongeft  flame  of  all.  So  if  a  veflel  full  of  boiling  alcohol  exhale  its  fpiri¬ 
tuous  parts  into  the  air,  and  thofe  be  confined  within  fome  narrow  fphere, 
and  a  perfon  approach  fuch  fphere  with  a  lighted  candle  *,  the  whole  place 
will  inftantly  catch  a  live  flame,  and  fhine  with  a  weak  momentary  light, 
which  prefently  tends  to  the  furface  of  the  veflel  ;  and  as  foon  as  arrived  at 
the  fame,  covers  it,  and  prevents  any  more  fpirits  being  emitted  into  the 
open  air,  forcing  it  all  to  be  acfted  on  and  changed  by  the  incumbent  flame,, 
which  becomes  a  while  fupported  thereby,  but  changes  it  into  a  matter  which 
is  no  longer  alcohol.  Again,  this  flame  perfifts  in  the  veflel  fo  long  as  the 
leaft  drop  of  alcohol  is  left  in  it,  and  then  goes  out;  whence  it  appears,  that 
the  whole  alcohol  cannot  pofli'oly  be  confumed  by  the  flame  in  one  inftant, 
but  only  the  fuperficial  part  of  it,  which  was  contiguous  to  the  air-,  confe¬ 
quently  the  wider  fuch  furface,  the  fooner  will  the  confumption  be  effected  : 
on  which  principle  this  confumption  may  be  accelerated  and  increafed  at 
pleafure :  fo  that  we  have  two  known  ways  of  accelerating  the  flame  of  al¬ 
cohol,  and  confequently  its  confumption,  viz.  by  heating  it  with-  fire,  and 
fpreading  it  into  a  larger  furface.  Add,  that  alcohol  thus  wholly  confumed 
by  burning,  leaves  no  feces  behind  it  and,  if  pure,  will  not  fo  much 
as  ftain  the  place  where  fired  *,  nor  does  the  eye  perceive  any  fmoke  on 
the  furface  of  its  flame  ;  and  if  a  clean  white  paper  be  laid  over  the  flame, 
it  will  contract  no  filth  or  foot,  but  only  a  clean  moiflure  -,  tho’  the  fenfe  of 
fmelling  is  a  little  afteifted  with  the  fragrancy  of  the  alcohol.  This  flame  of 
kindled  alcohol,  when  in  a  ftill  air,  rifes  into  a  conical  figure,  in  regard  the 
fire  being  the  greateft  towards  the  centre,  heaves  up  the  incumbent  air 
ftrongeft  there  ;  and  the  fire  being  lefs  confined  towards  the  circumference  ot 
its  bafe,  becomes  weaker  of  courfe,  and  lefs  able  to  lift  up  the  air  The  flame 
appears  blue  to  the  eye  ;  though,  when  carefully  obferved,  we  find  it  of  va¬ 
rious  colours  the  bafis  being  always  blue,  and  the  vertex  double,  the  inner 
always  appears  yellow,  and  the  outer  blue.  What  is  moil  wonderful  in 
this  experiment  is,  that  if  we  caft  a  live  coal  into  this  alcohol  thus  burning, 
it  is  immediately  extinguiftvd,.  nor  can  retain  its  fire  in  or  under  the  alcohol 
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the  caufe  of  which  muft  be,  that  a  live  coal  requires  a  much  greater  degree 
of  fire  than  that  in  the  boiling  alcohol  to  keep  it  burning,  whilft  the  al¬ 
cohol  will  not  admit  of  any  greater  degree  of  heat  than  is  communicated 
to  it  by  boiling.  Thus  the  hotter  coal,  when  in  the  alcohol,  which  is 
colder,  lofes  the  higher  degree  of  heat  which  was  required  to  keep  it  in 
a  date  of  ignition,  and  therefore  extinguifhes  or  declines  to  about  180  de¬ 
grees  of  heat,  about  which  it  was  that  the  alcohol  began  to  boil ;  but  which 
is  too  weak  to  kindle  any  combuftible  matter,  that  is,  to  produce  a  fhining 
fire  in  its  oil :  and  fince  the  coal  being  wholly  immerfed  in  the  alcohol  is 
thus  excluded  from  any  commerce  with  the  external  air ;  hence  neither  can 
this  kindle  the  alcohol,  but  only  by  its  firfl:  accefs  occafion  a  greater  motion, 
and  make  it  difplode  more  of  its  fpirits  upwards  j  and  thus,  as  we  have 
already  mentioned,  make  an  increafe  of  flame  at  the  time.  But  if  the 
coal  were  fo  laid  on  the  burning  alcohol,  as  that  fome  of  its  ignited  part 
ihould  remain  above  the  furface  of  the  alcohol,  it  would  then  burn  ftrongly 
with  the  alcohol  itfelf. 


EXPERIMENT  III. 


Pure  flame 
examin'd. 

See  Plate  IV. 
Fig.  HI. 


Jffords  a  pure 
limpid  va¬ 
pour. 


Or  ivatcr. 


49.  I  have  long  thought  about  a  method  of  finding,  by  experiment,  the 
manner  wherein  fire  ads  on  its  pabulum ;  and  at  length  have  hit  on  the  fol¬ 
lowing  one.  Having  a  cylindrical  brafs  veflel  full  of  pure  heated  alcohol, 
I  fet  it  on  fire,  and  placing  the  veflel,  while  on  flame,  upon  a  table,  in  a 
flu’ll  place,  put  a  large  glafs  veflel  over  it,  being  a  receiver  of  the  figure  of 
a  cucurbit,  whofe  bottom  is  carefully  cut  out,  fo  that  it  becomes  a  true  bell ; 
the  upper  part,  where  it  is  narrowefl:,  being  open  fo  as  to  admit  the  little 
finger,  while  the  lower,  which  is  ten  inches  in  diameter,  is  open  throughout. 
This  clear  tranfparent  bell  being  thus  placed  over  the  burning  alcohol, 
we  plainly  fee  all  the  phenomena  related  of  the  burning  alcohol  in  the  former 
experiment. 

50.  Firfl:  then,  it  is  obfervable,  that  the  whole  furface  of  the  bell  becomes 
darken’d  by  means  of  the  flame  burning  within,  fo  long  as  the  bell  remains 
cold  ;  but  after  this  begins  to  heat  by  the  flame,  it  begins  at  the  fame 
time  to  turn  tranfparent  again,  and,  when  quite  hot,  is  perfectly  fo.  If 
now  we  view  the  whole  fpace  within  the  bell,  there  appears  not  the  leaft  fign 
of  any  vifible  fumes,  but  the  air  remains  intirely  clear  through  the  whole 
bell  *,  and  the  veflel  of  alcohol  being  cylindrical,  the  flame,  fo  far  as  we  can 
obferve,  continues  equable  from  beginning  to  end  :  at  length  we  find  Jlriee 
form’d  within,  at  the  bottom  of  the  bell,  as  ufually  happens  in  fpirits,  in  the 
adion  of  diftillation, 

51.  Yet  thefe  are  not  the  true  fpirits  of  alcohol,  fince  we  find  their 
tafte  utterly  watery  •,  but  to  be  better  convinced  of  this,  we  need  only  apply 
a  lighted  candle  to  the  thin  fume  which  afcends  through  the  upper  orifice  ; 
if  this  were  the  vapour  of  alcohol,  it  would  immediately  catch  fire  ;  inftead 
of  which,  it  here  extinguifhes  the  flame  of  the  candle,  much  the  fame  as  the- 
vapour  of  water  would  do.  If  this  candle,  lighted  as  before,  be  put  under 

the 
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the  glafs  veflel,  and  held  fome  time  in  the  fpace  filled  with  the  vapour  of 
the  lighted  alcohol,  it  ftill  remains  ignited,  and  burns  till  it  be  confumed  ; 
but  does  not  in  the  leaft  kindle  the  vapour  of  the  alcohol,  which,  if  it  had 
retain’d  its  former  nature  after  palling  thro*  the  fire,  it  necellarily  would  have 
done.  It  appears,  then,  that  the  moft  inflammable  matter  of  all  bodies, 
when  turn’d  into  flame  by  fire,  and  confequently  while  it  truly  feeds  fuch 
fire,  is  changed  into  another  matter,  which,  after  this  change,  is  unable 
any  longer  to  feed  the  fire,  but  turns,  fo  far  as  we  can  judge,  into  a  kind  of 
water.  And  here  it  may  be  alked,  did  this  water  exift  before  in  the  alcohol, 
and  was  it  only  feparable  by  thefe  means  ?  Or  does  fire,  by  burning  the  al¬ 
cohol,  convert  it,  by  an  intrinlic  change,  into  pure  water  ?  Or  did  the  air  fup- 
ply  this  water  during  the  time  of  conflagration  ?  Others  may  try  further  ex¬ 
periments.  The  bell;  alcohol  for  thefe  purpofes,  is  that  which  has  been  gently 
diftill’d  in  a  tall  veflel,  with  a  quantity  of  dried  fixed  alcaline  fait  of  tartar, 
by  means  whereof  its  watery  part  is  fo  thoroughly  abforbed,  that  it  is  impof- 
fible  by  any  further  art  to  procure  the  leaft  drop  more.  With  fuch  were 
my  experiments  made  •,  as  being  fenfible  of  the  clofe  union  between  water 
and  pure  fpirit  of  wine,  which  is  not  otherwife  eafy  to  be  diflolved.  The 
ingenious  M.  Geoffroy ,  the  younger,  has  fince  given  fome  curious  and  exadt 
obfervations  on  this  head,  tho’  with  a  different  view  (»).  My  chief  curiofity 
was  to  learn  what  change  it  is  that  inflammable  matter  naturally  undergoes, 
when  being  committed  to  the  fire  it  turns  to  a  pure  flame  *,  and  at  the  fame 
time  what  alteration  happens  to  the  fire,  while  this  combuftible  matter  turns 
with  it  into  flame  i  being  of  opinion  that  if  this  were  once  difcover’d,  the 
way  would  be  prepared  for  a  thorough  infight  into  the  nature  of  fire.  Ac¬ 
cordingly,  I  provided  a  matter,  which  being  burnt  in  the  cylindrical  veflel, 
and  thus  forced  to  pafs  wholly  through  the  flame,  which  cover’d  the  entire 
furface  of  the  fluid,  ferved  to  nourifh  the  flame,  and  was  wholly  converted 
into  it,  without  either  fmoke,  foot,  or  fasces.  This  I  found  catch’d  fire  in 
the  air,  without  which  there  is  no  flame,  and  turn’d  into  flame  itfelf,  which 
afterwards  afforded  a  liquid  vapour,  that  at  laft  refolved  into  water,  or  at 
leaft  generated  water  i  and  having  gone  thus  far,  I  could  proceed  no  further: 
though,  had  I  leifure  equal  to  my  inclinations,  I  fliould  endeavour  by  thefe 
glafs  bells  to  procure  a  large  quantity  of  this  water,  having  found  that  much 
the  greateft  part  iflues  out  at  the  upper  orifice ;  fo  that  if  a  fimilar  bell  was 
fufpended  over  this,  the  vapour,  after  its  exit,  might  be  caught  again,  and 
condenfed  into  a  fenfible  liquer :  over  this  alfo  a  third  might  be  placed,  and 
by  fuch  means  the  whole  vapour  be  caught.  A  very  cold  feafon  would 
be  fitted  for  this  procefs,  that  as  the  vapour  arifes  it  might  be  prefently 
condenfed  by  the  force  of  cold,  and  freeze  as  it  were  on  the  furface  of  the 
upper  bells.  The  dried  weather  alfo,  and  a  dry  ftill  place  would  be  mod 
favourable  to  the  experiments.  By  fuch  means  I  do  not  doubt  but  a  dif- 
covery  might  be  made  of  the  greateft  importance  both  in  phyfics  and  che- 
miftry.  We  find  M.  Geoffroy  infers  from  his  experiment,  that  pure  alcohol 
by  this  burning  will  yield  above  \  its  quantity  of  water  5  and  that  his  experi¬ 
ment  fucceeded  thus,  is  beyond  queftion  :  but  that  excellent  chemift  cannot 

b@ 

(«)  See  the  Memoirs  of  the  Royal  Academy  for  the  year  171 8. 
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And  an  infen- 
fble  part. 


JnJlantaneous 
production  of 
pure  fame. 
See  Plate  IV. 
Fig.  IV. 
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be  ignorant  bow  clofely  a  large  quantity  of  water  will  lie  hid  in  air  •,  how 
fubtilly  this  will  hide  out  of  the  air  into  faline  and  dry  fpirituous  bodies,  and 
mixing  unperceived  therewith,  lead  the  obfervers  into  errors.  ’Tis  certain 
the  dryeft  fulphur,  when  kindled,  exhales  into  the  air  in  a  blue  flame,  and  will 
yield,  when  collefted,  a  very  fharp  acid  liquor,  which,  if  the  operation  be 
perform’d  in  a  dry  feafon,  will  indeed  be  in  very  fmall  quantity,  but  fo 
much  the  ftronger  •,  whereas  in  moift  cloudy  weather,  the  liquor  collected 
from  fulphur,  kindled  under  the  bell,  is  more  copious,  but  at  the  fame  time 
very  watery.  The  fame  fulphur,  in  a  clean  veffel,  by  means  of  a  gentle  fire, will 
yield  a  great  quantity  of  infipid  water  •,  and  what  remains  will  ftill  afford  a 
fmall  quantity  of  a  thicker  and  more  acid  fluid  j  which  being  expofed  in  a 
wide  veffel  to  the  open  air,  the  water  of  the  atmofphere  prefently  unites 
itfelf  with  the  acid,  increafing  its  bulk  and  weight,  but  at  the  fame  time 
weakening  its  ftrength,  and  adulterating  its  purity  ;  and  it  is  not  improba¬ 
ble,  that  the  fame  happens  to  fpirits  in  deflagration.  Thefe  things  put  me 
in  mind  of  the  ancient  alchemifts,  who  call  the  motive  or  prefiding  fpirit, 
the  fon  of  the  fun,  the  iffue  of  fire,  and  the  internal  fire  of  things.  Proba¬ 
bly  all  that  is  purely  inflammable  in  bodies  is  only  the  fpirit,  or  the  fmalleft 
part  of  fuch  matter,  diftributed  through  a  large  quantity  of  water  intimate’y 
united  with  it,  and  difpofed,  on  its  contact  with  fire,  to  turn  imo  flame  ; 
and  in  vain  may  we  endeavour  ftill  further  to  purfue  this  fubtile  fugitive 
principle.  I  own  myfelf  tired  in  the  purfuit,  having  defired  nothing  more 
fol’icitoufly  for  a  long  time,  than  to  underftand  the  true  nature  of  this  in¬ 
flammable  principle  in  alcohol  *,  as  knowing  this  to  be  the  true  perfedt  inflam¬ 
mable  body  ;  and  as  knowing  by  experiments,  that  other  bodies  only  be¬ 
come  inflammable,  as  they  contain  fome  proportion  of  this  alcohol,  or  at 
leaft  of  fomething  exceeding  like  it  in  point  of  tenuity  ;  fince  the  other 
groffer  parts  remaining  after  the  feparation  of  this  fubtile  one  are  no  longer 
inflammable  ;  fo  that  I  promifed  myfelf,  if  I  could  once  difcover  this  in 
alcohol,  it  would  be  eafy  to  find  the  manner  wherein  fire  is  maintain’d  by 
fewel  in  all  other  combuftible  bodies.  But  how  great  was  my  difappoint- 
ment  upon  finding  that  alcohol,  by  pafling  through  the  fire,  becomes  a  va¬ 
pour,  which  no  longer  retains  the  nature  of  alcohol,  nor  feems  to  be  any 
thing  more  than  pure  water.  This  fhews  us  fome  fix’d  limits  of  fcience. 
The  pabulum  of  fire,  when  confumed  by  it,  leaves  water  •,  and  itfelf  be¬ 
comes  fo  light,  as  to  diflipate  into  the  chaos  of  air,  and  thus  eludes  all  fur¬ 
ther  purfuit. 


EXPERIMENT  IV. 

52.  My  fentiment  concerning  the  pabulum  of  fire  is  further  confirm’d  by 
the  following  experiment.  Put  a  pure  live  coal  without  fmoke,  in  a  per¬ 
fectly  dry  earthen  pan,  and  over  this  lay  a  brafs  difti  well  clean’d,  being  about 
an  inch  deep,  its  bottom  orbicular,  and  about  five  inches  in  diameter  ;  into 
this  pour  pure  alcohol  to  the  height  of  about  half  an  inch,  and  place  the 
glafs  bell  over  all  j  you  will  here  have  an  opportunity  of  feeing  how  the 
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fire  in  the  pan  will  make  the  alcohol  boil  pretty  ftrongly,  yet  without  catch¬ 
ing  fire,  or  emitting  any  vifible  fume  into  the  cavity 'of  the  bell  •,  and  even 
though  it  evaporate  from  fo  large  a  furface,  yet  no  vifible  fumes  iflue  at  the 
upper  orifice  of  the  bell ;  in  the  mean  while,  on  the  fides  of  the  bell,  efpe- 
cially  towards  the  lower  parts  thereof,  we  (hall  find  a  kind  of  ftreaks  or  Jlri<e 
of  the  fpirits  running  on  the  glafs.  If,  after  a  confiderable  part  of  the  al¬ 
cohol  is  wafted  in  boiling,  and  exhaled  out  of  the  brafs  difh,  we  apply  a 
lighted  candle  to  the  upper  orifice,  the  flame  will  flutter  over  the  fame,  and 
not  give  fire  to  the  fumes  within  the  bell,  but  rather  be  extinguifhed  there¬ 
by  :  from  whence  it  may  feem  to  follow,  that  as  the  alcohol  thus  diffufed 
through  the  bell  does  not  take  fire,  the  preceding  experiment  is  no  proof 
that  alcohol,  when  burnt,  may  not  have  loft  its  inflammability,  yet  ftill  re¬ 
main  alcohol,  fince  the  fame  is  here  loft  by  mere  ebullition  and  exhalation* 
without  being  kindled.  But  by  attending  further  to  the  fequel  of  the  experi¬ 
ment  this  difficulty  will  be  removed.  Taking  then  the  lighted  candle  for 
fafety’s  fake  in  tongs,  and  applying  it  cautioufly,  in  a  horizontal  line, 
along  the  table,  under  the  lower  edge  of  the  glafs  bell,  it  no  fconer  comes 
in  contadl:  with  the  fumes  difperfed  over  all  the  cavity,  than  the  whole  im¬ 
mediately  catches  fire,  and  difplodes  like  a  clap  of  thunder  \  whilft  the  flame 
rufhes  forcibly  out  from  under  the  edges  of  the  bell.  The  reafon  is,  that  the 
cavity  of  the  bell  being  before  full  of  minutely  divided  alcohol,  and  this  all 
kindling  at  once,  the  veflel  cannot  contain  fo  great  a  flame,  but  mu  ft  dif* 
charge  the  greateft  part  of  it  into  the  open  air  beneath  the  bell ;  which  muft 
be  left  a  little  open  at  bottom,  or  there  will  be  danger  of  its  being  all  blown 
up  or  burft  in  pieces,  unlefs  there  be  fpace  enough  at  the  bottom  for  the  flame 
to  vent  itfelf.  The  foregoing  cautions  muft  be  well  regarded  in  repeating  the 
experiment,  otherwife  the  face,  hair,  and  hands  of  the  operator  would  run 
great  danger  of  being  fcorched. 

53.  At  the  moment  the  flame  is  thus  produced  under  the  bell,  the  whole  whence  boiU 
furface  of  the  boiling  alcohol  in  the  brafs  difh  catches  fire,  which  did  not  l»g  alcohol  is 
kindle  before,  though,  by  the  brifk  fire  under  it,  it  boil’d  ftrongly*  by  which  fire<l* 

it  appears,  that  alcohol  will  not  eafily  kindle  without  the  application  of  a 
live  flame  ;  but  the  flame  once  catch’d  by  the  alcohol,  continues  burning 
under  the  bell,  till  it  be  all  confumed,  and  the  difh  left  quite  dry,  when  the 
flame  ceafes. 

54.  What  is  moft  curious  in  this  experiment  is,  that  the  flame  excited  by  the  And  whence 
candle,  placed  at  fome  diftance  from  the  difh  wherein  the  alcohol  was  boil-  the  flame  ex - 
ing,  fhould  diffufe  itfelf  fo  copioufly  through  the  cavity  of  the  bell,  as  to  UnguiPed' 
kindle  the  alcohol  in  the  difh  *  and  that  in  the  moment  when  the  alcohol 

was  thus  kindled,  all  the  flame  in  the  bell  ceafed,  while  that  on  the  fur¬ 
face  of  the  burning  alcohol  continued  to  the  end,  till  the  whole  fubftance 
of  the  alcohol  was  confumed  *  nor  did  any  the  like  flame  appear  again  under 
the  bell  during  the  whole  courfe  thereof.  Hence  it  appears,  that  pure  al¬ 
cohol,  though  urged  by  a  vehement  fire,  provided  it  be  not  fet  on  flame, 
will  diffufe  itfelf  through  vaft  fpaces,  and  remain  unchang’d  therein  with¬ 
out  lofs  of  its  inflammability  *  fo  that  by  the  application  of  a  live  flame  there¬ 
to,  it  will  inftjntly  catch  fire,  and  burn  vehemently.  Yet  this  fame  alcohol, 
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upon  being  forced  to  pafs  out  of  its  veflel  through  the  flame  incumbent 
on  its  furface,  and  thus  becoming  a  nutriment  to  the  fire,  and  thence  dif- 
fufing  itfelf  through  the  cavity  of  the  bell,  has  loft  all  its  difpofition  to  catch 
fire  *,  fo  that  tho’  now  its  matter  be  much  more  attenuated  by  the  fire  than  be¬ 
fore,  it  will  no  longer  catch  flame  from  the  fire  on  the  furface  of  the  alcohol. 

55.  This  phaenomenon  defer ves  mature  confideration  5  for  it  does  not 
feem  probable,  that  fire  could  in  a  moment’s  time  have  expell’d  all  the  al¬ 
cohol  it  had  burnt,  out  of  the  whole  cavity  of  a  large  bell  j  but  if,  as  is 
moft  likely,  the  matter  of  the  alcohol  arifing  from  the  flame,  and  floating 
in  the  bell,  had  continued  inflammable  as  before,  it  muft  neceflarily  have 
catch’d  fire  from  the  fame  flame.  What  fhall  we  fay  then,  when  the  only 
pure  inflammable  matter  known  to  us  in  all  nature,  after  having  once  been 
kindled,  lofes  all  its  inflammability ;  does  it  not  follow  hence,  that  fo  much 
of  the  pabulum,  or  alimentary  matter,  of  fire  is  deftroyedand  loft  in  theuniverfe, 
as  is  the  quantity  of  flame  exhaufted  daily  ?  and  muft  not  this  at  length  fail, 
unlefs  it  can  fome  way  be  regenerated  ?  Is  not  the  pabulum  of  fire  in  the  earth 
continually  recruited  by  the  courfe  of  nature’s  operations,  particularly  thofe 
which  generate  oil  and  fpirits ;  as  vegetation,  fermentation,  putrefadlion,  and 
diftillation  ?  And  yet  all  thefe  operations,  in  nature  as  well  as  art,  are  per¬ 
formed  by  the  mere  power  of  fire ;  fo  that  the  fame  fire  which  deftroys  com- 
buftible  matters  does  alfo  reproduce  it  in  the  univerfe.  Or  fhall  we  rather 
adhere  to  that  other  docftrine  above  propofed,  viz.  that  matter  perfectly 
combuftible  by  fire  confifts  of  a  great  proportion  of  water,  and  a  fmall  quan¬ 
tity  of  fome  other  fubtile  principle,  which  is  like  fire,  and  perhaps  no  other 
than  fire  itfelf  united  therewith  *,  and  that  in  burning,  this  fire  being  feparated 
from  the  water,  is  left  entirely  at  liberty,  and  perhaps  may  thus  conftitute 
the  element  of  fire  ?  In  this  cafe  fire  itfelf  will  be  the  laft  inflammable  part, 
and  confequently,  when  feparated  from  all  other  adhering  bodies,  muft  vanilh 
into  air. 


EXPERIMENT  V. 

Flame  extin-  56.  A  lighted  candle  being  immerged  in  cold  and  pure  oil  of  turpentine, 
guijh'd  by  oil.  ;s  extinguifh’d  thereby,  as  if  it  had  been  plunged  in  water,  as  was  above 
fpecify’d  in  alcohol.  Likewife  if  a  live  coal  be  thrown  into  the  fame 
oil  of  turpentine,  it  is  immediately  extinguifhed  without  raifing  any  appea¬ 
rance  of  a  flame  :  whence  again,  moft  of  what  has  been  faid  concerning  al¬ 
cohol  may  alfo  be.  underftood  of  this  oil. 


EXPERIMENT  VI. 

Flame  in-  57*  Putting  fome  pure  diftill’d  oil  of  turpentine  in  a  brafs  cylinder, 
ft-ea/ed  by  oil.  and  fetting  it  on  the  fire  till  it  boil,  if  while  under  ebullition,  we  hold 
a  lighted  candle  to  its  vapour,  it  will  at  length  catch  fire,  though  not  fo 
readily  as  alcohol  >  by  degrees  alfo  it  emits  a  black  fmoke,  upon  the, 
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appearance  whereof,  it  burns  violently  :  it  leaves  fcarce  any  fceces  at  bot¬ 
tom,  but  confumes  almoft  wholly,  and  by  how  much  the  purer  and  more 
limpid  this  oil  is,  the  lefs  of  the  black  fmoke  it  yields,  and  the  more  quietly 
it  flames  •,  and  by  repeating  its  diftillation  it  grows  ftill  purer,  leaving  fome 
faeces  every  time,  and  thus  approaches  ftill  nearer  to  alcohol,  both  in  re- 
fpedt  of  levity,  limpidity,  purity,  and  flame  :  but  however  near  it  ap¬ 
proach  to  alcohol,  it  never  becomes  alcohol,  as  being  incapable  ftill  of  mix¬ 
ing  with  water. 

EXPERIMENT  VII. 

58.  Expofe  the  fame  oil  of  turpentine  in  a  brafs  veflel  to  the  fire  till  it  The  fame  of 
boil,  then  kindling  it,  lay  it  on  an  earthen  foot  under  the  glafs  bell,  it  will  burning,  oil 
continue  to  burn  as  in  the  preceding  fixth  experiment  *,  but  it  will  yield  a  examn 
thick  black  fmoke  through  the  upper  orifice  of  the  bell,  and  even  fill  the 
whole  fpace  of  the  bell  and  the  fides  of  it  with  a  fuliginous  vapour,  and  a 
watery  moifture,  which,  hanging  to  the  veflel,  diftils  a  watery  liquor,  fo  that 
one  would  conclude,  that  water  were  here  produced  from  burnt  oil ;  or  at 
leaft  from  fomething  which  the  air  contributes  thereto.  Hence  it  appears, 
that  oils  neareft  a-kin  to  alcohol,  when  urged  by  flame,  and  forced  to  pafs 
through  the  fame,  emit  fome  parts  ftill  inflammable,  and  not  thoroughly 
burnt,  but  retaining  the  charadters  of  a  coal ;  which  arifing  out  of  the  flame 
in  form  of  a  fuliginous  fmoke,  and  proceeding  till  they  have  fpent  their 
firft  motion,  adhere  to  the  fides  of  the  chimney,  or  the  like.  The  fame 
alfo  appears  from  the  fetid  fmell  diffufed  by  burning  oils  *,  but  they  feem  too 
thick  and  tenacious  to  be  fo  fuddenly  deftroyed,  or  reduced  to  the  extreme 
tenuity  of  alcohol,  by  the  adtion  of  a  fwift  tranfient  flame :  and  when  the 
fame  oils,  in  common  lamps,  burn  (lowly  away  with  a  wieck,  furrounded 
on  all  fides  with  air,  they  yield  a  much  greater  quantity  of  foot ;  as  ap¬ 
pears  by  holding  a  clean  paper  over  the  flame,  which  will  prefently  be 
covered  over  with  blacknefs:  but  when  lighted  in  our  prefent  cylindrical 
veflel,  the  whole  furface  of  the  oil  being  here  covered  with  flame,  and 
confequently  all  the  particles  of  the  oil  to  be  burnt  undergoing  the  agita¬ 
tion  of  that  flame,  they  become  much  more  attenuated  and  altered  than  is 
ufually  found  in  lamps,  where  from  every  point  of  the  furface  of  the 
flame  there  is  a  free  paflage  for  the  oily  particles  to  efcape  into  the  air, 
even  while  many  of  them  have  undergone  but  half  their  change :  from 
all  which  it  appears  probable,  that  could  we  by  any  art  render  oils  as 
thin  and  fubtile  as  alcohol,  they  would  produce  a  flame  without  fmoke,  and 
fire  without  foot. 
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EXPERIMENT  VIII. 

59.  Mixing  equal  quantities  of  fair  water  and  pure  alcohol  in  a  clean  brafs 
cylindrical  vefTel,  fo  that  after  fhaking  them  together  they  form’d  one  ho¬ 
mogeneous  liquid;  then  heating  this  mixture,  and  fetting  fire  to  it  under  the 
glafs  bell  as  before,  we  find  a  much  weaker  lire  produced  than  in  the  firffc 
experiment  ;  nor  is  the  bright  glittering  colour  of  this  flame  comparable  to 
that  of  mere  alcohol.  This  flame  growing  very  weak  long  before  extinc¬ 
tion,  at  laft  leaves  behind  it  in  the  bottom  of  the  vefTel,  a  quantity  of  water, 
with  a  very  fmall  remainder  of  the  alcohol  in  it ;  as  appears  by  the  tafte. 
Hence  we  learn  that  alcohol,  when  mix’d  with  water,  may  be  again  fepa- 
rated  therefrom  by  means  of  fire,  and  be  confum’d,  by  the  fire,  while  the 
water  is.  repell’d  both  by  the  fire  and  the  alcohol. 

EXPERIMENT'  IX., 

The  flames  of  60.  Taking  a  quantity  of  pure  alcohol,  wherein  the  beft  camphire  was 
alcohol  and  diffolved,  and  kindling  it  under  the  circumftances  above  deferibed,  and 
tamp. tie.  placing  it  when  on  fire  under  the  glafs  bell;  at  firft  they  burn  as  if  there  were 
nothing  but  pure  alcohol,  all  the  phaenomena  whereof  they  exhibit.  In 
reality,  it  is  the  pure  alcohol  alone  that  is  firft  confirmed  ;  the  camphire, 
which  gathers  to  the  bottom  of  the  vefTel,  not  coming  yet  in  play,:  but 
when  once  the  alcohol  is  confumed,  we  find  a  new  flame,  very  different 
from  the  former,  arife,  being  both  ftronger,  brighter,  whiter,  and  more 
darting  ;  at  the  fame  time  a  black  fmoke  alfo  proceeds  from  the  flame, 
and  the  fmell  and  tafte  of  camphire  fpreads  plentifully, .  not  only  over 
the  vefTel,  but  through  the  whole  place.  And  thus  the  flame  continues 
to  the  end,  leaving  no  faeces  behind  it ;  from  which  we  learn,  that  if 
inflammable  matters  of  different  natures  be  mixed, into  one  compound,  they 
do  not  burn  at  the  fame  time  together,  but  the  more  fubtile  part  con- 
fumes  firft,  and  the  remaining  grofier  part,  after  having  defended  itfelf  fo 
long,  the  former  being  quite  diflipated,  begins  to  burn  in  its  turn.  By.  this 
it  fhould  feem,  that  among  combuftible  bodies,  the  lighteft  always  burns  the 
fooneft  and  eafieft  ;  as  alfo  that. the  flame  of  kindled  alcohol  alone  is  too  weak 
to  fet  oil  on  fire  :  whence  it  is,  that  as  foon  as  the  oil,  or  in  this  inftance  the 
camphire,  begins  to  burn,  the  fire  becomes  much  fiercer  than  before.  Again, 
hence  we.  infer,  that  fire  in  the  burning,  as  well  as  diftilling  of  bodies,  di¬ 
vides  viftble  inflammable  matters,  combin’d  in  the  fame  combuftible,  accor¬ 
ding  to  their  different  degrees  of  fubtilty  or  thicknefs  ;  fo  that  firft  fpirit, 
then  a  thinner  oil,  then  a  fomewhat  thicker  oil,  and  laftly  a  very  grofs, 
pitchy,  tenacious  oil  rifes  in  flame.  Hence  alfo  it.  is  that,  charcoal,  which 
confifts  of  this  laft  grofleft  oil  fpread  over  earth  and  fait,  affords  a  much 
ftronger  fire,  than  the  wood  of  which  it  is  prepared  could  of  itfelf  ever  have 
produced;  fince  we  find  in  all  bodies,  that  the  fire  of  any  kindled  oil  is 
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conflantly  the  flronger,  in  proportion  as  fuch  burnt  oil  is  heavier  and  thicker: 
which  alfo  obtains  in  the  burnt  alcohol  and  camphire  ;  and  of  which  we  fhall 
have  further  confirmation  in  the  fequel  of  thefe  experiments  •,  where  it  will 
appear,  that  the  fire  is  always  the  hottefl,  when  it  comes  to  confume  the 
laft  inflammable  part  of  the  fewel.  Upon  the  whole,  therefore,  we  are  not  to 
look  on  the  kindling  of  combuftible  matters  by  fire,  as  an  aflion  which 
mixes  all  inflammable  materials,  and  burns  them  together,  but  feparately 
and  fucceflively. 


EXPERIMENT  X. 

6 1.  We  proceed  now  to  a  like  examination  of  alcohol  intimately  mixed  Oil  and  aU 
with  a  diftilled  oil,  viz.  thin  oil  of  turpentine  *,  fo  that  the  two  appear  to  <oho^ 
form  one  homogeneous  fluid.  Kindling  fome  of  this  mixture  in  the  fame 
cylindrical  veflel  under  the  bell,  as  before,  the  firfl:  thing  that  appears  is  a 
ftrong,  equable,  lucid,  cloven  flame,  which,  fo  far  as  we  can  find,  pro¬ 
duces  no  appearance  of  fmoke,  nor  generates  or  depofites  any  foot,  and  yet 
blackens  a  clean  paper  held  over  the  orifice  of  the  bell  ;  which  fliews,  that 
even  in  fo  pure  and  Ample  a  liquor,  fomething  immediately  arifes  from  the 
mixture,  which  makes  its  way  through  the  flame,  before  it  has  been  quite 
burnt  thereby  :  yet  no  flench  is  perceived  from  fuch-  vapour  of  the  flame, 
which  burns  very  quietly,  without  yielding  any  crackling  or  noife.  But  after 
the  flame  has  confumed  the  alcohol,  a  new  face  of  things  appears ;  for  the  oil 
of  turpentine  remaining  at  the  bottom, begins  now  to  burn,  fly,  crackle,  hifs, 
and  fmoke  plentifully,  yields  a  black  foot,  and  at  laft  goes  out,  leaving  ber 
hind  it  a  reiinous  matter,  which  will  burn  no  longer  with  this  fire. 

EXPERIMENT  XI. 

6 2-.  $y  mixing  equal  parts  of  pure  alcohol  and  the  alcaline  fpirit  of  fal  7&*offaHel- 
ammoniac,  we  produce  that  furprifing  coagulum  mention’d  long  ago  by  Lully ,  montllj 
and  further  celebrated  by  Van  Hehnont.  Upon  fetting  fire  to  this,  as  we  did 
to  the  former,  the  alcohol  firfl  kindles  •,  which  being,  confumed,  the  flame 
goes  out,  leaving  at  the  bottom  of  the  veflel  almofl  the  whole  quantity  of 
the  fpirit  of  fal  ammoniac.  In  this  experiment,  therefore,  the  ojfa  Hel- 
inontii ,  as  it  is  called,  is  firfl  heated,  then  fet  on  fire,  and  put  under  the 
bell,  where  in  the  firfl  place  it  yields  a  weak,  equable,  fcarce  vifible  flame, 
without  fmoke  or  foot  ;  but  with  this  circumflance,  that  the  lower  part  of 
the  bell  becomes  very  opake.  with  the  vapour.  Secondly,  the  flame  grows 
ftronger,  brighter,  fparkling,  hilling,  unequal,  and  vibratory  a  little  before 
its  extindlion,  and  now  yields  a  fmell  of  a  volatile  alcaline  fpirituous  fait : 
the  vapour,  collected  into  a  liquor  on  the  fides  of  the  bell,  is  almofl  infipid, 
and  at  the  bottom  remains  a  ftrong  fharp  urinous  fpirit,  very  volatile  and  < 
odorous  ;  and  what  is  very  remarkable,  the  fait  in  the  fpirit  o-f  fal  ammo¬ 
niac  is  much  more  volatile  than  alcohol  itfelf,  as  appears  by  flowly  fubii- 

mingj; 
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ming  the  cffa  Helmontii ,  when  the  dry  fait  always  rifes  firft  :  yet  in  burn¬ 
ing  the  mixture,  the  alcohol  always  confumes  the  firft,  being  firft  drawn  up 
to  the  flame  ;  and  though  the  mixture  be  heated  in  a  brafs  veflel,  and  ve¬ 
hemently  agitated  by  a  fire  over  it,  yet  that  exceedingly  volatile  fait  will 
tend  with  its  water  downwards,  till  it  be  flopped  by  the  flame,  thro’  which 
it  cannot  pafs  to  difengage  itfelf.  Hence  we  may  obferve  how  little  the 
true  nature  of  flame  and  combuftible  matter  has  hitherto  been  understood : 
and  as  camphire  is  held  by  many  eminent  chemifts  to  be  a  folid  volatile  oily 
fait,  form’d  like  the  cffa  Helmontii ,  of  the  fame  two  faline  and  oily  principles, 
it  may  be  worth  while  to  burn  this  alfo  under  the  bell.  This  we  find  eafily 
kindles  upon  the  application  of  a  burning  candle ;  and  the  flame  it  produces 
is  very  extraordinary,  being  white,  equable,  long,  flender,  and  terminating 
in  a  fmoaky  cone;  filling  the  bell  with  a  copious,  denfe,  black  frnoke,  and 
at  the  fame  time  black,  fuliginous  particles  are  thrown  out  from  all  parts  of 
the  flame,  and  fo  ponderous,  that  they  fall  to  the  bottom,  where  they  ftill 
retain  the  fmell  and  tafte  of  camphire,  notwithstanding  their  blacknefs : 
fcarce  any  feces  remain  at  the  bottom  after  the  burning  is  finished.  From 
the  whole  we  may  form  fome  judgment  of  that  wonderful  body,  viz.  that 
it  is  a  moft  perfect  Simple  rofin,  or  oil  in  a  folid  form. 

EXPERIMENT  XII. 

63.  Taking  pure  Englijh  chalk,  reduced  to  fine  powder,  and  mixing 
therewith  an  equal  quantity  of  alcohol  as  intimately  as  may  be,  put  the 
whole  under  the  bell  as  before  ;  the  alcohol  will  burn  away  firft,  as  in  the 
third  experiment,  and  the  earth,  after  the  deflagration,  remain  entire,  pure, 
dry,  and  unchanged  at  the  bottom.. 

EXPERIMENT  XIII.  .  , 

A  mixture  of  64.  The  moft  entertaining  experiment  confifts  in  mixing  together  alcohol, 
alcohol,  oily  camphire,  and  oil  of  turpentine,  as  accurately  as  may  be,  and  adding  to 
camphire,  cffa  thefe  the  offa  Helmontii ,  which  eafily  mixes  with  any  of  the  former,  bringing 

MncNartb.'  thefe  ^nto  a  ma^s  ^ne  chalk,  and  laftly  adding  faw-duft  to  the 

whole  ;  fet  fire  to  the  mixture,  with  the  circumftances  above  expreSTed ;  the 
effeeft  will  be,  that  the  alcohol  deflagrates  firft,  almoft  after  the  fame  manner 
as  if  this  alone  h.ad  been  kindled.  This  being  confumed,  the  oil  of  turpen¬ 
tine  kindles,  and  exhibits  its  particular  phsenomena  already  fpecified  ;  next 
the  camphire  burns,  as  appears  by  the  feveral  characters  thereof :  the  alca- 
line  fpirit  of  fal  ammoniac,  the  faw-duft,  and  mere  earth  remaining  at  the 
bottom.  It  may  be  obferved,  that  the  flame  is  very  Strong,  unequal,  red, 
and  crackling ;  that  it  yields  little  frnoke  at  the  beginning,  but  that  the  Smoke 
gradually  increafes,  and  becomes  extremely  black  and  thick ;  the  foot  alfo 
towards  the  end  is  very  black  and  thick,  and  at  the  clofe  of  the  whole 
we  fee  fuliginous  flocci  floating  confufedly  through  the  bell ;  and  the  flame 
during  the  whole  never  touches  the  wood. 


Alcohol  and 
earth. 
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65.  From  the  whole  we  have  an  opportunity  of  learning  the  manner 
which  nature  makes  ufe  of,  in  confuming  combuftible  fewels  by  means  of  fire, 
which  ’tis  certain  is  very  different  from  what  is  vulgarly  imagin’d.  At  the 
fame  time  it  appears,  that  nothing  in  all  phyfics  is  more  difficult  to  be  af- 
certain’d,  than  wherein  the  properly  combuftible  part  of  a  fewel  confifts : 

’tis  eafy  to  enumerate  the  names  of  alcohol,  oil,  and  fulphur,  to  which  is 
generally  falfty  added  nitre,  and  to  fay  that  thefe  are  the  inflammable  part ; 
but  to  extricate  the  true  inflammable  principle  out  of  all  thefe,  is  a  matter  of 
immenfe  labour :  nor  do  I  find  that  any  writer  has  hitherto  done  any  thing 
confiderable  in  it ;  far  from  having  fhewn  what  change  it  is  that  fire  makes 
therein  by  burning. 

SCHOLIUM  I. 

66.  (1)  In  the  firft  place,  therefore,  there  appears  to  be  a  liquor  in  nature,  JIM  the 
produced  from  vegetables  by  fermentation  and  diftillation,  which  of  all  o-  only  pure  in - 
thers  is  the  fimpleft,  lighteft,  moft  limpid,  moveable,  unchangeable,  and  flammable 
perfectly  mifcible  with  water  and  oils ;  and  which,  when  heated  with  fire,  fu^fiance- 
may  be  kindled  by  the  application  of  fire,  fo  as  to  burn  away  and  main¬ 
tain  a  pure  flame  throughout  its  whole  furface,  contiguous  to  the  air  ;  and 

thus  by  degrees  turn  its  whole  fubftance  into  flame,  fo  that  as  long  as  a 
Angle  drop  of  it  remains  the  flame  will  fubfift,  but  when  this  is  totally  ex- 
haufted,  the  flame  at  the  fame  time  intirely  difappears:  we  have,  therefore, 
found  a  body,  which  truly  deferves  the  name  of  a  food  or  pabulum  of  fire, 
fince  it  appears  to  our  fenfes  that  it  maybe  abfolutely  and  wholly  converted 
by  burning  into  pure  live  fire  or  flame.  And  now,  if  we  confider  what  be¬ 
comes  of  the  alcohol  in  the  experiment,  we  ffiall  find  it  turn’d  to  nothing 
but  pure  flame ;  which  flame,  thus  produced  and  fed  by  it,  has  all  the  ef¬ 
fects  of  true  fire,  and  exhibits  all  the  phyfical  chara&ers  above  laid  down, 
in  the  hiftory  of  fire  (J>). 

66. 


(/>)  “  The  flame  of  a  body.  Sir  If.  Newton 
“  obferves,  is  only  the  fmoke  thereof  heated 
“  red-hot;  and  the  fmoke  is  only  the  vola- 
“  tile  part  of  the  body  feparated  by  the  fire. 
“  Thus,  all  inflammable  bodies,  as  fulphur, 
“  oil,  wax,  wood,  &c.  by  flaming,  wafte, 
“  and  vanifh  into  burning  fmoke ;  which 
“  fmoke,  if  the  flame  be  haftily  put  out,  is 
“  very  thick  and  vifible,  and  fometimes  fmells 
“  ftrongly,  but  in  the  flame  lofes  its  fmell  by 
“  burning ;  and,  according  to  the  nature  of 
“  the  fmoke,  the  flame  is  of  this  or  that  co- 
“  lour.  Thus,  the  flame  of  fulphur  is  blue; 
“that  of  camphire,  white;  that  of  tallow, 
“  yellow,  &c.  When  gun-powder  takes  fire, 
“  it  goes  off  in  a  flaming  fmoke;  the  explo- 
“  flon  arifes  from  the  violent  adlion  of  its  in- 
“  gredients,  nitre,  fulphur,  and  charcoal  upon 
“  each  other  ;  whereby  the  mixture  being 
‘l  fuddenly  and  violently  heated,  becomes  ra¬ 


tified  and  converted  into  fume;  which,  by 
“  the  violence  of  that  aftion  becoming  hot 
“  enough  to  fhine,  appears  in  the  form  of 
“  flame. 

“■  Flame  I  take  for  a  mixture  of  fire  with 
“  the  oily  part  of  the  fewel ;  and  this  oil, 

“  being  the  fulphureous  part  of  the  mixt,  i.  e. 

“  the  part  wherein  the  fire  that  afts  therein 
“is  lodg’d,  is  more  difpofed  than  any  other 
“  part  to  admit  and  retain  a  quantity  thereof. 

“  A  quantity  of  fire  then  being  enter’d  into 
“  fuch  oil,  mufl  extend  its  mafs,  and  aug- 
“  ment  its  bulk  fo  far  as  the  oil  is  capable  of  . 
“  ftretching,  at  the.  fame  time  filling  all  the 
“  interltices  thereof  with  its  own  fubftance. 

“  Thus  the  mixture  becomes  what  we  call  . 
“flame',  which,  therefore,  is  an  oily  body 
“  without  pores,  or  whofe  pores  are  exadlly 
“  filled  up  with  the  globules  ot  fire  contained 
“  therein,’’ 
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66.  (2)  Another  thing  we  learn  hereby  is,  that  the  fire  thus  collected  about 
alcohol  remains  {till  free,  as  long  as  the  alcohol  remains  without  any  other 
fire  added  or  conveyed  to  it  by  any  other  art ;  fo  that  when  once  kindled,  it 
would  remain  the  fame  for  ever,  nor  needs  any  other  fewel  to  keep  it  up 
m  the  open  air. 

67.  (3)  Thirdly,  we  alfo  learn,  that  when  the  alcohol  is  confumed,  there 
remains  nothing  of  the  fire  and  flame,  which  difappear  at  the  fame  moment 
with  the  alcohol;  and  confequently,  that  this  fewel  is  the  true  caufe  which 
produces  at  leaft  the  prefence  of  all  that  fire  :  the  fire  remains  no  longer  than 
the  pabulum,  nor  ceafes  while  any  of  that  remains. 

68.  Fourthly,  what  is  very  remarkable  in  this  pabulum,  and  the  flame  pro¬ 
duced  by  it,  is,  that  from  the  moment  of  its  beginning  to  burn,  to  the  mo¬ 
ment  it  goes  out,  it  emits  not  the  leaft  fmoke ;  which  is  commonly  found 
in  all  other  bodies,  at  leaft  either  at  the  beginning  or  end  of  the  flame. 
’Tis  true,  this  flame  of  alcohol  emits  a  humid  vapour  ;  but  then  this  is  as 
limpid  and  tranfparent  as  water,  and  when  colledted,  produces  a  mere  pure 
water,  without  either  colour,  groffnefs,  or  oilinefs.  In  effecft,  we  may  lay  it 
down  as  a  rule,  that  there  is  no  other  body,  whether  fluid  or  folid,  hitherto 
difcovered,  which  nourifhes  fire  without  affording  any  fmoke,  except  alcohol 
alone. 

.69.  (5)  We  learn  from  thefe  experiments,  that  there  is  not  any  fix’d  in- 
combuftible  matter  in  alcohol ;  fince,  when  perfectly  pure,  as  is  always  ne- 
ceflary  in  this  experiment,  it  leaves  not  the  leaft  ftain  behind  when  burnt, 
but  turns  totally  into  mere  flame,  without  leaving  any  fasces.  Nor  is  this 
again  found  in  any  body  excepting  alcohol ;  all  others  conftantly  leaving  fome 
faeces  behind,  incapable  of  being  burnt  further ;  though  fome  cf  them  very 
little.  Naptha,  petroleum,  and  camphire  burn  vehemently,  and  turn  into 
bright  flames,  but  are  always  found  to  leave  fomething  lefs  combuftible  be¬ 
hind  them  at  the  bottom  of  the  veflel  they  were  burnt  in  ;  alcohol  alone 
leaves  nothing. 

70.  (6)  Again,  we  learn  that  alcohol,  thus  burnt,  yields  no  fmell  different 
from  what  it  naturally  affords  without  burning  ;  the  like  of  which  is  not 
found  in  any  other  combuftible  matter,  which  always  yields  fomething  rank, 
fuliginous,  or  empyreumatic,  at  the  time  when  they  are  converted  into 
flame :  whence  one  would  be  apt  to  imagine,  that  all  the  parts  of  alcohol 
remain  homogeneous,  and  the  fame  both  before,  in,  and  after  the  burning, 
were  it  not  for  what  we  have  obferved  of  the  water  arifing  from  the  flame 
of  alcohol,  wherein  there  is  fomething  not  combuftible. 

71.  Seventhly,  we  alfo  learn  hence,  that  the  one  only  body,  which  has 
all  the  above-mentioned  properties  in  the  fire,  does  not  appear  either  by 
the  fharpeft  fight,  or  the  beft  microfcope,  to  have  any  folidity  or  firm- 
nefs  in  it,  and  confequently  that  a  folid  form  is  by  no  means  neceflary  to 
the  conftitution  of  a  pabulum  of  fire  ;  but  rather  the  moft  fluid  of  all  bo¬ 
dies  hitherto  obferved. 

72.  (8)  We  have  alfo  learnt,  that  this  alcohol  is  of  fuch  a  nature,  as 
to  attract,  imbibe,  and  retain  the  pureft  elementary  water;  and  that  the 
flame  produced  in  alcohol  again  attra&s  from  the  water  and  alcohol  mix’d 

together. 
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together,  the  foie  pure  parts  of  alcohol,  brings  them  up  to  the  furface  of  the 
mixture,  and  here  abforbs  and  turns  them  to  flame  ;  thus  feparating  them 
from  the  water,  which  it  rejects,  and  leaves  to  fettle  at  the  bottom  of  the 
veflel. 

73.  (9)  Again,  we  find  that  an  alcohol,  having  all  the  fame  properties,  may  Produced 
be  procured  from  all  known  vegetables,  by  previous  fermentation,  and  fubfe-  pom  vegeta- 
quent  flow  diftillation  :  but  excluding  vegetables  and  fermentation,  there  ^es; 

will  be  no  other  body  or  means  in  nature,  whereby  to  attain  a  fluid  of  fimi- 
lar  properties. 

74.  (10)  Again  we  learn,  that  in  this  alcohol,  however  pure,  there  is  Its  eompofi- 
ftill  a  diverfity  of  parts,  which  is  not  difcoverable  by  any  other  art,  but  by  tlon' 
burning  alone  •,  and  which,  by  means  hereof,  produces  a  water  capable  of 
extinguifhing  fire,  and  another  inflammable  part,  which  totally  confumes 

and  diflipates  in  the  fire.  Helmont  affirms,  that  by  the  addition  of  fait  of 
tartar,  he  could  immediately  convert  the  pureft  fpirit  of  wine  into  half  the 
quantity  of  pure  water,  leaving  the  other  part  behind  in  the  alcali  ;  but  I 
have  always  doubted  whether  this  were  not  to  be  underftood  of  unrec¬ 
tified  fpirit  of  wine,  in  which  it  holds  good,  rather  than  of  true  alcohol 
produced  by  the  ftricfteft  rules  of  art ;  in  which,  I  believe,  it  never  has  hi¬ 
therto  been  demonftrated.  From  the  whole  it  appears,  that  alcohol  is  much 
like  fulphur,  fince  both  confume  in  the  fire,  both  yield  a  blue  flame,  both 
turn  into  one  part  inflammable  by  fire,  and  another  which  extinguifhes 
fire,  and  which  in  alcohol  is  a  mere  water,  and  in  fulphur  an  acid  fait 
of  vitriol,  diluted  with  a  little  water,  whence  its  vapour  becomes  fufto- 
cating. 

75.  (11)  Laftly,  we  here  find  that  folid  vegetables  burn  by  the  fame  Other  pewit 
law  as  fluid,  and  are  changed  and  agitated  in  burning  after  the  fame  manner  •,  ^ urn  as  a^co' 
viz.  the  inflammable  part  alone  being  confumed  by  the  fire,  and  the  others 
diflipated  into  a  matter,  which,  when  collected,  becomes  vifible  again,  and 
fometimes  alfo  combuftible  again,  and  laftly  into  a  fix’d  part,  called  afhes 

or  fasces. 

SCHOLIUM  II. 

76.  (1)  It  appears  that  alcohol  bears  a  fimilitude  to  fire,  of  which  we  Me  agreement 
have  many  indications;  both  of  them  coagulate  blood,  ferum,  and  bile, 

and,  as  it  were,  parcji  up  the  flefh,  blood,  nerves,  vifcera,  the  white  of 
eggs,  and  bread.  Does  it  not  even  appear  as  a  magnet  of  fire,  fince  it  at- 
tra<fts  the  light  when  held  to  it  ?  And  does  not  alcohol  when  committed 
to  the  fire,  heat  along  with  it  till  it  boil,  and  thus  emit  flame  ? 

77.  (2)  All  other  inflammable  fluids,  however  fubtile  they  be,  yet  when  All  other 
kindled  after  the  manner  above  fpecified,  always  afford  a  vifible  black  fmoke  fecwel-  l(ave* 
and  foot,  as  alfo  fome  faeces  or  remains,  not  quite  combuftible.  This  in-  fLCCC*' 
combuftible  part  in  the  pureft  oils,  is  firft  mere  earth,  wherein  there  always 
remains  a  little  portion  of  the  oil,  on  account  of  which  it  retains  the  nature 

of  a  coal,  and  has  always  fomething  inflammable  remaining  ;  and  if  fuch 
oils  be  further  purified  by  repeated  diftillations,  they  always  depofite  a  pro¬ 
portion  of  earth,  become  ftill  thinner,  finer,  and  more  combuftible,  yield- 
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ing  ftill  lefs  fmoke,  foot,  and  allies,  and  approaching  nearer  and  nearer  to 
the  nature  of  alcohol :  but  though  the  operation  be  continued  ever  fo  Jong,, 
it  does  dot  appear  that  they  are  reducible  to  fuch  a. degree  of  fubtilty,  as  to 
diffolve  and  mix  with  water. 

7 8..  (3)  The  only  known  body,  therefore,  that  is  abfolutely  and  wholly 
inflammable,  fo  as  to  nourilh  flame,  yields  no  fmoke,  nor  produces  the 
leaft  foot,  or  leaves  any  feces  when  burnt,  but  pafles  in  its  whole  fubftance, 
fo  far  as  our  fenfes  may  judge,  into  fire  j  excepting  that  it  affords  a  little 
pure  water.  If  then  it  were  poflible  by  any  art  to  feparate  the  combuftible 
part  of  the  alcohol  from  the  water,  and  thus  commit  the  firft  part  alone  to 
the  fire  or  flame,  what  muft  the  refult  be?  Would  it  then  burn  fucceffively, 
as  it  does  now  when  intermix’d  with  water  *,  or  would  it  not  rather  go  off 
and  confume  inflantaneoufly  like  lightning  ?.  The  imagination  would  fuggeft 
many  things  on  this,  head  y  but  we  muft  check  its  forwardnefs  by  the  weight 
of  experiments, . 

79.  (4.)  From  what  has  been  faid,  we  may  venture  to  affirm,  that  the 
part  which  is  not  abfolutely  inflammable  in  any  combuftible  vegetable,  as 
alcohol,  or  any  oil,  either  confifts  of  water  adhering  intimately  to  them,  or 
of  fait,  or  laftly  of  earth  ;  and  that  if  thefe  could  by  any  art  be  perfectly  fe- 
parated  fromjthe  oil  or  alcohol,  the  remainder  would  be  Ample,  pure,  per¬ 
fectly  combuftible,  and  yield  the  pureft  flame  without  fmoke,  foot,  or  feces. 
This  holds  fo  true  of  the  limpid  fubtile  vapour,  collected  in  the  bell  during 
the  burning  of  alcohol,  that  itfelf  is  only  the  watery  incombuftible  part  of 
the  alcohol  y  consequently  all  the  afhes,  fmoke,  and  foot  mix’d  in  a  true  in¬ 
flammable  body,  confift  of  water,  fait,  and  earth. 

80.  (5)  We  alfo  learn  that  fmoke,  foot,  and  the  vifible  fumes  of  a  burnt 
vegetable,  are  always  the  more  copious,  by  how  much  there  was  more  water,„ 
fait,  and  earth  contain’d  in  them,  in  proportion  to  their  oil  and  alcohol  *,  as 
may  be  fully  made  out  from  the  above  experiments.  In  reality,  thofe  bo¬ 
dies  in  burning  afford  fuch  parts,  which  being  violently  agitated  by  the. 
flame,  are  incapable  of  being  converted  into  the  fubtile  fleeting  matter,  but 
are  again  either  expeli’d  from  the  flame  upwards,,  or  fall  downwards.  If  we 
compare  green  wood,  when  laidi  on  the  fire,  with  the  fame  wood  after  it 
has  been  dried  a  confiderable  time,  fo  as  it  have  prefer ved  its  oil,  the  truth; 
of  this  doCtrine  will  be  ftill  further  confirm’d. 

81.  (6)  Again,  we  learn  that  in  a  vegetable  combuftible  body,  the  in¬ 
combuftible  parts,  viz.  water*  fait,  and  earth,  may  chance  to  predominate 
fo  far,  as  that  the  other  combuftible  part  alcohol,  or  pure  oil,  cannot  be 
kindled,  but  only  emit  a  mere  fmoke..  Thus  alcohol,,  when  mix’d  with 
a  hundred  times  the  quantity  of  water,  though  it  be  heated  beyond  the  de¬ 
gree  of  boiling  alcohol,  will  not, kindle  •>  but  if  caft  on  the  fire,  puts,  it  out : 
and  wood,  though  very  oily,  yet  if  it  be  green  and  full  of  water,  will  yield 
plenty  of  fmoke,  but  no  flame.  So  fat  potter’s  clay  doubtlefs  contains- 
oil,  which,  when  feparated,  will  burn,  but  is  fo  check’d  by  the  prevail¬ 
ing  earth  mix’d  with  it,  that  the  fmall  quantity  of  oil  cannot  burn  therein. 

82.  (7)  One  thing  remarkable,  proved  from  the  preceding  experiments, 
is,  that  if  the  fire  applied  in  a  combuftible  vegetable,  confiding  of  a  com¬ 
buftible 
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buftible  and  an  incombuftible  part,  exert  fo  much  power,  as  at  the  fame 
time,  and  with  the  fame  adlion,  both  to  kindle  the  combuftible  part,  and 
divide  and  attenuate  the  incombuftible  one  into  minute  particles,  and  the 
flame  thus  produced  by  the  joint  adtion  of  the  combuftible  and  incombuftible 
matters,  will  be  much  ftronger  than  what  the  combuftible  part  alone,  if 
collected  and  kindled  by  itfeif,  would  have  produced.  For  flame,  ceteris 
■paribus,  is  always  found  the  weaker,  by  how  much  the  matter  of  which  it 
confiftsis  purer;  confequently  alfo  the  flame  produced  by  fuch  a  mixture  will 
be  much  more  unequal,  than  that  which  would  have  been  produced  by  the 
pure  inflammable  part  alone :  and  hence  the  fire  arifing  from  fuch  a  mix¬ 
ture  is  more  audible,  crackles,  flies,  and  is  often  very  troublefome,  as  well  as 
more  fmoky  and  foeculent,  than  that  of  a  purer  matter.  In  fine,  the  more 
incombuftible  matter  there  is  in  fewel,  the  more  violent  will  the  fire  be, 
provided  it  can  be  kindled  at  all. 

83.  (8)  This  alfo  will  hold  every  where  true,  that  by  how  much  the  in-  And  the  mors 
combuftible  matter  united  with  the  oil  is  denfer,  more  compact  and  ponde-  Poncltrous' 
rous  ;  by  lo  much  will  the  fire  and  flame  produced  by  fuch  combuftible  body 

be  more  violent. 

84.  Thus,  we  not  only  find  that,  in  the  fame  vegetable,  its  more  folid 
parts  produce  a  ftronger  fire  than  the  other  loofer  parts,  e.gr.  the  wood, 
than  the  blofloms  or  leaves  $f  trees  *,  but  alfo,  that  different  woods,  if 
compared  with  each  other,  always  yield  ftronger  or  weaker  flames,  as  they 
are  more  folid,  or  more  loofe  and  fungous.  Cedar,  for  inftance,  yields  a 
much  ftronger  fire  than  willow  ;  fideroxylon  than  poplar ;  and  this  in  pro¬ 
portion  to  the  heavinefs  of  the  one  beyond  the  other. 

85.  (9)  We  alfo  gather  from  the  preceding  do&rine,  that  no  vegetable  No  fewel 
burns  till  it  be  firft  heated  by  fire,  and  this  to  a  degree  fufRcient  to  make  oil  ^ns  ff'V' 
boil ;  but  lighter  bodies  heat  fooner  to  that  degree,  by  the  fame  fire,  than  yj*  ut  y 
heavier  ones :  whence  it  may  be  infer’d,  that  heavier  fluids  kindle  flower, 

and  lighter  fooner.  Accordingly,  we  never  fee  matches  made  of  folid  oak, 
but  always  of  fpongy  deal  or  ledge.  But  the  fooner  a  body  kindles,  the 
weaker  is  its  flame  ;  and  the  flower,  the  ftronger  and  more  durable :  on 
the  whole,  fo  much  the  more  fire  muft  always  be  fuppofed  pre-exifting, 
by  how  much  the  wood  to  be  kindled  is  the  heavier ;  otherwife  it  will  not 
be  fufliciently  heated  to  catch  fire. 

86.  (10)  Again,  it  follows  from  what  has  been  faid,  that  in  the  burning  And  this  Jkt- 

of  vegetables,  the  combuftible  part  is  always  confumed  by  a  fucceflive,  and  ^  order 

not  an  inftantaneous  or  momentary  adtion  of  the  fire :  add,  that  in  fuch  a  f  r  au  u 
burning,  the  confumption  and  feparation  of  the  combuftible  matter  is  al¬ 
ways  fucceflive  ;  fo  as  that  the  pureft  and  lighted:  among  the  materials  to 

be  burnt,  always  kindles  and  is  feparated  and  changed  the  firft  ;  as  this 
grows  hot  the  fooneft,  and  is  eafieft  moved  and  difengaged  from  the  reft. 

When  this  is  confumed,  the  matter  next  to  it  in  degree  of  inflammability,  &c. 
begins  to  be  agitated,  heated,  kindled,  and  feparated ;  which  being  at 
length  confumed  in  its  turn,  the  others  will  fucceed  ;  and  laft  of  all  that 
which  is  leaft  inflammable  :  and  this  laft  appears  by  a  multitude  of  experi¬ 
ments  to  be  a  little  quantity  of  oil  ftrongly  adhering  to  a  large  portion  of 
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fix’d  earth.  Whence  again  it  appears,  why  in  a  clofe  veflel,  without  ad¬ 
mitting  frefh  air,  this  oil  cannot  be  feparated  from  its  adhering  earth  :  and 
hence  alfo  we  may  learn,  that  this  laft  incombuftible  part  will  never  yield  a 
violent  fire,  on  account  of  the  excefs  of  the  incombuftible  earth  in  propor¬ 
tion  to  the  combuftible  oil  •,  whence,  though  it  be  capable  of  being  ignited 
and  Aiming,  it  will  rarely  break  into  flame. 

87.  (1 1)  We  may  alfo  obferve,  that  a  fire  kindled  by  a  compound  com- 
buflible  body  burns,  with  the  moft  vehemence  when  it  is  about  the  middle 
of  its  burning,  viz.  when  all  the  parts  are  the  moft  rapidly  kindled  ;  fince 
towards  the  end,  there  is  ufually  need  of  bellows  to  keep  it  brifker  ;  o- 
therwife  the  terreftrial  and  faline  fix’d  parts,  by  the  afties  which  they  fpread 
over  the  fire,  are  apt  to  deaden  and  extinguifti  that  little,  which  is  kept  alive 
in  the  fmall  quantity  of  oil. 

88.  (12)  Hence  we  alfo  learn,  that  the  pure  ft  of  all  flames  produced  by 
a  mere  combuftible  matter,  without  any  admixture  of  other  fubftances,  can 
never  yield  a  very  ftrong  fire,  though  it  will  a  very  equable  one ;  fince  in 
the  preceding  experiments  it  has  been  fhewn,  that  the  pureft  pabulum  yields 
the  weakeft  fire. 

89.  (13)  Contrary  to  the  common  opinion,  we  gather,  that  the  power  of 
flame  depends  as  much,  or  perhaps  more,  on  thofe  incombuftible  parts  con¬ 
tain’d  in  the  kindled  matter,  as  on  thofe  which  are  truly  combuftible  ;  and 
therefore,  that  the  quantity  of  fire  in  flame,  produced  by  a  combuftible 
matter,  is  rather  collected  into  the  fpace  of  the  flame,  by  the  rotation  of 
the  unchangeable  particles  mixed  with  the  reft,  than  by  that  other  thin 
volatile  oily  part,  more  immediately  agitated  by  the  fire. 

90.  (14)  We  may  hence  infer,  that  there  is  a  double  caufe  in  material 
fire  •,  viz.  firft  elementary  fire  and  its  proper  genuine  pabulum,  which  is  mere 
pure  alcohol  ;  and,  fecondly,  in  this  pure  and  proper  fire,  there  are  alfo 
other  parts,  which  alone  could  not  have  fuftained  elementary  fire  ;  but  when 
agitated  in  the  former  pure  flame,  increafe  the  violence  thereof  by  their 
own  vibration,  which  frequently,  by  this  means,  is  raifed  to  a  pitch  much 
beyond  what  could  ever  have  been  produced  by  the  former  caufe  alone. 
To  illuftrate  this  point  ;  fuppofe  half  an  ounce  of  gun-powder  kindled  in 
the  open  air,  and  fpread  all  around  into  a  flame,  and  thus  in  a  mo¬ 
ment  difappearing  ;  fuppofe  then  the  fame  powder  ramm’d  into  a  cylindri¬ 
cal  barrel,  and  after  this  a  fuitable  ball  of  lead,  and  then  the  gun-powder 
kindled  ;  the  powder  will  now,  by  its  proper  motion,  project  the  leaden  bullet 
out  of  the  barrel  with  an  incredible  force  of  which  we  had  but  fmall  figns 
in  the  particles  of  the  gun-powder,  when  kindled  before  in  the  open  air  : 
whence  it  appears,  that  the  like  hard  incombuftible  bodies,  being  whirl’d 
about  and  vibrated  in  fo  rapid  a  flame,  may  add  great  power  to  the  body 
of  the  flame. 

91.  (15)  The  utmoft  power,  therefore,  of  this  fire  maybe  heighten’d 
by  water,  fait,  and  earth,  intimately  mix’d  with  the  combuftible  matter,  and 
with  one  another,  in  the  pure  kindled  fire  j  provided  that  fire  be  ftrong  e- 
uough  to  put  them  in  a  quick  motion. 

92. 
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92.  (16)  Some  caufe  is  neceflary,  in  order  to  preferve  and  continue  the  Vhe  caufe  uni- 

flame  when  once  kindled  ;  and  .  one  condition  of  fuch  caufe  mud:  be,  to  t0  lU 

make  the  pabulum  during  the  burning  remain  clofely  join’d  to  the  fire  itfelf, tX't  ’ 

and  prevent  the  feparation  between  the  two  ;  which  otherwiie  the  fire  na¬ 
turally  tends  immediately  to  make.  Another  effedt  hereof  fhould  be,  to 
keep  the  hard  incombuftible  parts,  when  agitated  by  the  force  of  the  for¬ 
mer,  within  the  fpace  of  the  kindled  fire,,  that  they  may  not  haftily  fly 
off,  but  be  retained  in  the  place  where  they  are  fo  agitated,  in  order  conti¬ 
nually  to  receive  the  impulfe  thereof :  for  without  fuch  a  caufe,  all  this  mat¬ 
ter,  thus  agitated,,  muff  be  every  moment  flying  off  from  the  fire,  which 
would  put  an  end  to  the  adtion  of  thefe  vibrating  particles  within  the  fpherc  of 
the  fire.  Whence  again  it  appears,  that  all  fire  would  only  be  momentary, 
were  it  not  for  this  caufe  which  applies,  prefles,  and  unites  it  to  the  matter. 

Yet  it  does  not.  appear,  that  this  comprefling  caufe  fhould  fo  aft  on  them, 
as  by  the  preflure  to  reduce  them  into  a  motionlefs  mafs-,  the  eflfedt  of  which 
would  be,  to  fuffocate  the  fire  ;  but  fuch  a  compreflion  feems  chiefly  necef- 
fary,  whereby  the  grofler  parts,  whether  combuftible  or  incombuftible,  after 
having  been  agitated  by  the  fire,  may  fucceflively  fly  orf  in  proportion  as  new 
parts  begin  to  be  agitated-,  and  the.  caufe  which  feems  fitted;  for  this  pur-, 
pofe,  is  fuch  as  may  effedt  this  by  a  reciprocal  ofcillatory  compreflion,  or 
remiflion,  being  itfelf  all  the  while  intirely  fluid,  and  incapable  of  being  con-. 

folidated, - rSuch  a  caufe  is  the  atmofphere,  which  furrounds  and  prefles 

upon  all  bodies  at.  all  times  ;  this  therefore  feems  the  place  for  afeertaining 
what  the  power  of  the  atmofphere  contributes  to  the  maintenance  of  fire. 

93.  Suppofe  then  a  fire  made,  of  the  beft  wood,  thoroughly  kindled,  The  phyjical 

on  an  iron  plate,  fo  that  its  bale  he  a  RJoinland  foot  fquare  ;  the  weight  of  manner  of 
the  atmofphere  incumbent  on  the  bafe  of  this  fire  will  be  that  of  a£ttftZ'- 

a  prifm  of  air,  whofe  bafe  is  a  Rhinland  foot  fquare  -,  the  weight  of 

fuch  a  prifm  is  found  by  the  barometer  to  be  different  at  different  times  ; 
but  with  this  reftridtion,  that  the  difference  between  the  heavieft  and  light- 
eft  ftates  rarely  exceeds  tV.  Suppofe  then,  at  the  time  of  our  experiment, 
the  height  of  the  mercury  in  the  barometer  to  be  30  Rhinland  inches  and 
fuppofe  the  weight  of  mercury  to  that  of  water  as  14  to  1,  and  that  a  foot 
of  water  at  fuch  time  weighs  64  ’Troy  pounds,  the  preflure  of  the  at¬ 
mofphere  incumbent  on  the  fquare  bafe  above-mention’d  muft  be  2240  fuch 
pounds  *,  and  this  immenfe  weight  is  then  adding  on  the  fire:  but  the  live 
parts  of  the  fame  fire  are  every  where  endeavouring  to  remove  and  caft  off 
this  load  with,  vehement  force,  and  by  fuch  means  expel  all  the  heavy 
parts  of  the  atmofphere  out  of  the  place  where  the  fire  is  kindled  which 
again  increafes  the  weight  of  the  atmofphere  itfelf.  Now,  by  the  laws  of 
hydroftatics,  the  refilling  fluid  of  air  thus  repelled,  muft  prefs  on  all  the 
points  of  the  furface  of  the  fire  here  kindled,  which  of  confequence  muft  be 
impelled  and  added  on  from  every  fide  by  this  weight  with  an  equal  force, 
as  if  comprefled  by  a  vault  fo  ftrong  as  to  bear  a  load  of  2240  pounds 
without  burfting  ;  fo  that  the  inflammable  parts  in  this  fire  being  agitated  by 
the  force  of  the  elementary  fire  collefted  therein,  and  at  the  fame  time  all 
the  other  incombuftible  particles  being  added  on  by  the  force  of, both  the  for¬ 
mer, 
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rmer,  when  they  endeavour  to  fly  off  from  the  Are,  they  will  be  repelled  back 
towards  the  centre  of  the  fame  fire  by  fo  vaft  a  weight  •,  and  this  continually, 
but  ftill  more  and  more,  as  the  fire  within  ads  more  ftrongly.  Hence  again 
we  learn,  that  both  the  particles  of  the  fire,  and  the  combuftible  matter,  will 
be  applied  and  compreffed  with  immenfe  force  againft  each  other ;  and  at 
-the  fame  time  be  rapidly  agitated,  and  fhaken  around  by  the  incredible  force 
of  the  fire,  which  dilates  all  :  by  fuch  means  a  vehement  attrition  muff  be 
^excited  between  all  the  folid  parts,  which  will  be  proportionably  greater, 
as  the  force  wherewith  they  were  preffed  together,  and  the  attrition  of  the 
fire  is  greater.  And  the  fire,  burning  with  the  combuftible  matter,  ads 
always  with  equal  concufllons  on  the  atmofphere,  which  ftill  makes  an 
equal  refiftance ;  confequently  the  fire  by  this  perpetual  recidivation  of  the 
atmofphere,  will  be  impeli’d  much  after  the  fame  manner,  as  if  continually 
beaten  with  a  hammer  of  2240  pound  weight.  And  again,  as  the  air  over  the 
fire  muft  be  in  a  continual  ebullition,  like  that  we  find  over  a  live  coal,  when 
expofed  to  the  fun,  and  viewed  with  the  eye  directed  above  the  coal  towards 
the  fun  :  it  will  follow  then,  that  the  ftrokes  or  pulfations  of  fo  elaftic  a 
fluid  in  fuch  a  vehement  ebullition,  will  be  fo  much  the  ftronger,  and  fuc- 
ceed  the  thicker  j  and  that  if  lets  refiftance  be  made  from  one  part  of  the  fire 
than  another,  the  air  will  rufh  more  fwiftly  againft  that  part  in  proportion  ; 
till  being  rarified  and  repulfed  by  the  fire,  it  makes  a  continual  and  vehement 
ofcillation  over  the  whole  compafs  of  the  fire.  So  long,  therefore,  as  there  re¬ 
mains  fufficient  fire  in  this  place  to  produce  a  flame  with  its  proper  pabulum  j 
fo  long  as  tne  other  parts  can  be  ftrongly  agitated  by  this  flame  ;  and  fo  long 
.as  they  are  compreffed  by  the  aerial  vault  with  fufficient  force  to  prevent  the 
flying  off ;  fo  long  there  will  be  a  fufficient  attrition  produced  on  this  hearth, 
td  colled  a  quantity  of  fire  fufficient  for  the  continuation  of  fuch  a  flame  : 
but  when  either  elementary  fire  is  wanting  to  agitate,  or  fewel  to  be  kindled, 
or  that  the  particles  to  be  agitated  are  too  grofs  and  hard  to  undergo  the  due 
alteration  by  thofe  other,  the  fire  will  immediately  begin  to  dwindle,  and  at 
length  entirely  ceafe.  So  if  the  aerial  vault  happen  to  be  weaken’d,  or 
render’d  lefs  ponderous,  the  fire  on  the  hearth  muft  be  weaken’d  propor¬ 
tionably  ;  and  when  the  former  is  much  diminilhed,  the  fire  and  the  pa¬ 
bulum  will  fly  from  each  other,  and  diffipate  in  air.  Hence  all  flame,  and 
piefently  after,  all  fire  and  (parks  go  out  in  the  vacuum  of  an  air-pump,  for 
want  of  a  due  application  between  the  parts  :  hence  wind  increafes  the  power 
of  flame  ;  the  effed  of  this  being  the  fame  as  if  the  weight  of  the  atmo¬ 
fphere  on  it  were  encreafed  :  but  if  the  wind  blow  fo  ftrongly  on  the  fire, 
as  to  break  the  aerial  vault  about  it,  the  flame  will  be  immediately  extin- 
guifhed,  and  perhaps  inftantly  re-kindled  by  the  fame  blaft  which  put  it  out : 
confequently  if  the  £re  be  blown  by  bellows,  fuppofing  this  be  not  done 
fo  forcibly  as  to  extinguiffi.  it,  the  additional  preffure  of  air  muft  always 
apply  the  parts  more  ftrongly  together,  and  thus  breed  a  fiercer  flame  ;  and  if 
two  ftrong  bellows  be  blown  from  oppofite  quarters  upon  the  fame  fire,  a  vio¬ 
lent  flame  will  neceflarily  be  produced  in  the  middle  of  the  fire,  whereby  metals 
will  prefently  be  melted,  and  other  operations  may  be  performed,  as  we  find 
pradifed  accordingly  among  goldfmiths  and  other  workers  in  metals. 
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94.  Hence,  again,  we  fee  why  fire  burns  fo  much  the  fiercer,  as  the  Why  fire 
weather  is  colder,  and  the  air  more  conftringed  by  a  keen  froft ;  the  aeriai  burmftrongeft 
vault  furrounding  the  fire,  then  binding  it  fo  much  the  clofer  and  ftronger,  ut[f 

and  thus  preventing  the  particles  floating  in  the  torrent  of  fire  from  flying 
off,  till  by  the  continued  acftion  of  the  fire  they  become,  fo  attenuated,  as  to 
be  able  to  make  their  efcape  through  the  air  itfelf.  Hence  alfo  it  happens, 
that  the  preffure  on  the  fire  is  greateft  about  the  upper  parts,  and  leaft  to¬ 
wards  the  circumference  of  the  bafe  ;  whence  the  air,  finding  lead;  refinance 
from  that  part,  drives  the  flame  upwards  :  and  as  the  fire  is  denfeft,  and 
confequently  ftrongeft  about  the  middle,  it  thence  follows,  that  th$  flame 
will  rife  higher  from  the  middle  of  the  fire  than  from  its  fides,  where  the  quan¬ 
tity  of  fire  is  considerably  leffen’d  ;  and  hence  we  fee  the  reafon  of  the  py¬ 
ramidal  figure  of  flame.  But  if  the  furface  of  the  fire  be  every  where  iti- 
vefted  with  a  hard  body,  which  excludes  the  air  j  the  pabulum,  as  alfo  the 
rotation  of  the  particles,  and  their  equal  preffure  and  refiftance  from  all 
fides,  prefently  reft;  among  each  other,  and  thus  the  flame  ceafes,  and  the 
fire  foon  goes  out ;  though,  upon  removing  this  cover,  and  re-admitting 
the  free  air,  it  prefently  kindles  again  into  a  live  flame,  or  at  lead:  into  a 
glowing  fire. 

95.  (17)  Laftly,  from  the  confideration  of  all  that  precedes,  it  does  Ferwel  does 
not  appear  that  there  is  any  thing  in  nature,  which,  when  committed  to  not  become 
elementary  fire,  is  changed  into  the  fubftance  thereof.  In  all  the  inftances-^1 
and  experiments  which  have  occurred  to  me,  I  have  examined  very  nar¬ 
rowly  for  an  indication  of  this  kind,  but  find  none  ;  and  therefore  dare 

not  affirm,  that  either  alcohol,  oil,  or  any  other  body,  becomes  fire  in 
burning.  Indeed  bodies  perfectly  combuftible  are  fo  alter’d  in  the  flame, 
that  we  can  find  nothing  remaining  of  them,  by  any  way  of  enquiry  hi¬ 
therto  known  ;  being  fo  far  fubtilized,  as  to  efcape  all  notice  of  our  fenfes  : 
but  it  does  not  therefore  follow  that  they  are  turn’d  into  fire  itfelf. 

Of  F ewe  Is  from  animal  Bodies . 

1.  T  T  AV  IN  G  examined  the  matter  which  is  properly  combuftible  in  Animat  exha- - 

Xx  vegetables,  we  fhould  proceed  to  a  like  enquiry  of  the  fewels  in  Unions fome- 
animals  ;  but  it  being  evident  that  the  bodies  of  animals  confift  of  a  ve-  infiam' 
getable  matter  digefted  in  them,  fuch  an  enquiry  is  in  great  meafure  uo-  '  'a  e' 
neceflary.  If  we  may  truft  to  hiftory,  the  humours  of  the  bodies  of  ani¬ 
mals  have  been  fometimes  carried  to  fuch  a  degree  of  oilinefs  and  fub- 
tilty,  as  to  catch,  like  alcohol,  a  weak  pure  flame.  To  this  effedl  we  have 
inftances  of  men,  whofe  fumes  as  they  perfpired  would  kindle  around  them  j 
and  Helmont  even  fpeaks  of  a  man,  whofe  wind,  broken  downwards,  if  di¬ 
rected  upon  a  candle,  would  turn  to  flame:  but  fuch  inftances,  if  true, 
muft  be  allow’d  very  rare. 

2.  The  oils,  however,  of  animals,  fcarce  differ  at  all,  in  refpedl  ol  in¬ 
flammability,  from  thofe  of  vegetables  j  fo  that  it  would  be  to  little  pur- 
pofe  to  repeat  what  has  been  already  rehearfed.  We  find  waters,  fpirin, 
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oils,  ai)4  earths  in  animal  fubftances  *,  but  the  nature,  preparation,  pu¬ 
rification,  and  effects  of  thefe  in  the  fire,  are  perfectly  the  fame  as  in  vege¬ 
table  fiibftances ;  fo  that  it  may  fuffice  to  recommend  it  to  the  reader,  and 
to  compare  and  apply  what  has  been  faid  in  the  one  to  the  other.  Some  in¬ 
deed  may  fyfpedt:,  on  account  of  the  phofphori  obtain’d  from  animals,  that 
the  inflammable  principles  of  thefe  are  fomewhat  different  from  thofe  of  ve¬ 
getables  j  but  to  obviate  this,  we  need  only  obferve,  that  chemiftry  can  alio 
produce  phofphorus  from  fat  coals  of  vegetables,  efpecially  of  thofe  vegeta¬ 
bles,  whofe  juices  bear  the  neareft  refemblance  to  the  humours  of  animals  •, 
as  has  long  ago  been  ftiewn  in  the  inftance  of  muftard. 

Of  Fe  wels  from  foffl  Bodies . 

I.  HAT  is  ftill  further  remarkable,  is,  that  the  fame  law  of  com- 

VV  buftibility  holds  alfo  in  the  foflil  clafs ;  for  it  has  been  found  that 
oils  are  the  only  parts  of  thefe  that  are  inflammable  •,  and  again,  that  among 
thefe  feveral  oils,  the  lighter  and  thinner  afford  the  lefs  fmoke,  foot,  and 
afhes  •,  and  the  thicker  and  heavier  the  more.  Some  of  thefe  may  not  impro¬ 
bably  be  almoft  as  fubtile  as  alcohol ;  though  I  do  not  know  that  any  have 
yet  been  found  capable  of  mixing  with  water. 

2.  We  read  indeed  of  a  liquor  diftilling  from  rocks,  which,  on  the  ap¬ 
plication  of  a  torch  will  catch  fire-,  and  even  of  the  water  of  fome  fountains 
which  will  do  the  like  ;  but  whether  the  liquors  here  kindled  be  mifci- 
ble  by  water,  is  not  mentioned  by  the  relaters.  We  read  in  hiftory,  that 
the  Babylonian  naptha  was  fo  fubtile,  volatile,  and  apt  to  catch  fire,  that  it 
frequently  kindled  by  the  torches  as  they  were  carried  along  in  the  night¬ 
time,  and  thus  feem’d  as  if  it  had  burnt  of  itfelf,  and  would  fometimes  cover 
the  whole  ftreets  with  a  blue,  weak,  and  hardly  devouring  flame  :  by  which 
it  fhould  feem,  that  this  liquor,  by  its  tenuity  and  fubtilty,  comes  near  to 
the  nature  of  alcohol  •,  fince  in  that  hot  climate,  *tis  probable,  our  alcohol, 
fpread  after  the  fame  manner,  might  have  the  fame  effecft  j  as  is  confirmed 
by  the  above  recited  experiment,  of  alcohol  under  a  bell  kindling  by  a 
candle,  and  blazing  away.  But  it  being  difficult  to  procure  this  true  naptha, 
we  cannot  determine  any  thing  precifely  concerning  it  j  for  as  to  what  is 
fold  among  us  under  the  name  of  naptha,  it  always- comes  far  fhort  of  fuch 
inflammability,  being  at  the  fame  time  much  thicker  and  heavier  than  al¬ 
cohol. 

3.  Petroleum,  again,  however  fubtile,  appears  no  way  comparable  either 
to  the  naptha  of  the  ancients,  or  our  alcohol  *,  though  when  this  is  puri¬ 
fied  by  a  fuitable  diftillation,  it  grows  confiderably  more  fubtile,  and  eafier 
to  kindle  j  but  even  then  it  ftill  continues  oil,  and  does  not  become  alcohol. 
—-In  the  mean  while,  what  has  been  obferved  of  vegetables  obtains  here 
Jikewife ;  viz.  that  the  purer,  lighter,  and  more  fubtile  any  foflil  oily  com- 
buftible  matter  is,  the  lefs  fmoke,  foot,  ftench,  and  fasces,  and  likewife  the 
lighter,  purer,  and  weaker  flame  it  always  affords. 
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4.  Other  inflammable  foffils,  wherein  any  thick  ponderous  incombuftible  Pit  coal, 
matter  is  mixed,  always  kindle  more  difficultly,  and  require  a  ftrong  blaft 

of  wind  or  bellows  to  make  them  burn  brifkly  ;  but  then  the  fire  and  flame, 
which  thefe  foffils  hereby  conceive,  is  fiercer  in  proportion,  as  fufficiently  appears 
in  lithanthrax,  or  pit-coal.  Such  bodies  again  afford  a  grofs  black  fmoke, 
ufually  of  a  rank  fmell  ;  and  when  colle&ed,  a  plentiful  foot ;  leaving  behind 
them  a  great  quantity  of  fix’d  infipid  ponderous  allies, 

5.  Laftly,  among  foffil  fewels,  there  are  fome  compofed  of  a  mere  com-  Sulphur . 
buftible  oil,  with  the  addition  of  afharp  acid  fait;  fuch  arefulphurs.  When 

the  oily  combuftible  part  of  thefe  is  burnt  in  the  fire,  the  faline,  acid, 
incombuftible  part,  bearing  a  near^  refemblance  to  the  oil  procured  by  fire 
from  vitriol,  is  collected  in  form  of  vapour,  and  being  cool’d  again  is 
called  fpiritus  fulphuris  per  campanam ;  which  being  further  feparated  from 
the  water  mix’d  with  it  in  burning,  and  thus  brought  to  its  natural  degree 
of  purity,  is  the  heavieft  of  all  fluids  except  mercury,  as  well  as  the  fharp- 
eft  and  moft  acrimonious. 

6.  Hence,  again,  it  eafily  follows,  that  fulphur  does  not  catch  flame  till 
it  be  liquified  by  the  fire,  and  confequently  till  it  be  firft  heated  to  a  great 
degree :  and  again,  when  the  flame  has  feiz’d  its  inflammable  part,  then 
its  heavier,  acrimonious,  and  faline  part,  becoming  much  agitated  and  at¬ 
tenuated  thereby,  begins  to  boil  in  the  flame,  and  is  hence  diffipated  a- 
round,  producing  hereby  a  great  increafe  in  the  adtion  and  violence  of  the 
fire,  till  becoming  fufficiently  broken  and  divided  by  the  continuance  of  this 
adtion  of  the  fire,  fo  as  to  enable  it  to  efcape  from  the  fiery  vault  into  the  open 
air,  it  diffufes  a  vapour,  which  powerfully  inflames  all  the  parts  of  animals 
it  can  come  at,  and  particularly  occafions  fuffocation.  Other  bodies  alfo 
ftruck  by  this  vapour  of  burning  fulphur,  become  greatly  alter’d  thereby, 
but  differently  according  to  the  different  natures,  and  the  relation  which 
they  bear  to  this,  which  is  the  moft  acid  of  all  known  bodies.  Thefe 
effedts  of  kindled  fulphur  are  ufually  miftaken,  and  attributed  to  elementary 
fire,  from  whence  they  ought  by  all  means  to  be  diftinguifhed ;  ’tis  certain 
however,  that  they  are  owing  partly  to  the  elementary  fire,  partly  to  the 
combuftible  part  of  the  fulphur,  and  partly  to  the  acid  incombuftible  matter 
render’d  volatile  by  the  fire.  After  this  we  ftiall  not  need  to  give  any  par¬ 
ticular  explanations  of  the  manner  wherein  bitumens,  afphaltums,  piffafphal- 
tums,  or  Jews- pitch  adt  in  the  fire,  or  are  adled  on  by  it ;  which  may  eafily 
be  underftood  from  what  has  already  been  deliver’d.  It  may  fuffice  to  ob- 
ferve,  that  in  thefe  there  are  found  foffil  fat  oils,  generally  acid  falts,  alfo 
earth,  and  frequently  fomething  metalline  and  ftony  ;  in  all  which,  however, 
that  which  properly  burns  is  of  the  oily  kind,  tho’  the  other  matters  mix’d 
therewith,  afford  a  fort  of  fpicula,  which  being  vibrated  by  the  fire,  increafe 
the  force  thereof,  and  enable  it  to  produce  extraordinary  effedts  on  certain 
bodies.  We  have  treated  fufficiently,  with  regard  to  the  prefent  deflgn, 
concerning  the  nature  of  the  pabulum  of  fire  ;  and  fhall  now,  from  the 
preceding  hiftory,  draw  a  number  of  corollaries,  which  we  apprehend  fully 
made  out  thereby. 
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y.  (i)  That  Ample  pure  elementary  fire  rarifies  all  the  tribe  of  bodies, 
hitherto  difcoverable  by  the  fenfes,  whether  folid  or  fluid,  or  compounded 
of  both,  by  mixing  itfelf  therewith. 

8.  (2)  That  this  property  is  peculiar  to  fire  only  ;  no  other  known  body 
having  yet  been  found  to  be  poflefled  thereof :  the  effervefcencies,  fermen¬ 
tations,  and  particular  rarifadtions  of  bodies,  being  no  fufficient  proof  of 
the  contrary. 

9.  (3)  That  fire,  fo  far  as  *tis  known  by  rarifa&ion,  is  perpetually  pre- 
fent  in  all  places,  as  well  in  the  fulleft  corporeal  fpace,  as  in  the  moft  per¬ 
fect  vacuum. 

10.  (4)  That  fire  is  equably  diftributed  every  where,  fo  long  as  no 
particular  caufe  arifes  to  collect  it,  thus  difperfed,  in  fome  determinate 
place. 

11.  (5)  That  the  mutual  attrition  of  certain  bodies,  is,,  perhaps,  the  firft 
and  primary  collecting  caufe. 

12.  (6)  That  fire  has  a  power  of  moving  freely  every  way,  or  of  thus 
•expanding  itfelf  fpontaneoufly. 

13.  (7)  This  motion  or  expanfion  may  however  be  directed  in  a  paral- 
ielifm,  or  by  converging  lines  *,  which  is  another,  and  the  moft  common 
way  of  procuring  fire. 

14.  (8)  That  the  fun  is  manifeftly  the  capital  caufe,  whereby  fire,  of  it¬ 
felf  undetermined,  is  forced  into  a  parallelifm. 

15.  (9)  That  reflexion  or.  refraCtion  of  the  collected  fiery  rays  is  the  caufe 
of  their  converging  in  a  fmall  fpace,  called  a  focus  j  which  is  another 
manner  of  obtaining  fire. 

16.  (10)  That  a  vehement  fire  is  produced  in  a  moment  by  the  quick 
collifion  of  a  cold  fteel  and  a  cold  flint  in  a  cold  place  and  feafon  y  which  is 
a  fourth  manner  of  obtaining  fire. 

1 7.  (11)  That  this  fire,  with  refpeCt  to  its  matter,  does  in  no  wife  pro¬ 
ceed  from  the  fun. 

18.  (12)  That  it  remains,  however,  united  with  bodies  a  fhorter  or  longer 
time,  in  proportion  to  their  lefs  or  greater  denfity. 

I9-  (J3)  That  no  body,  yet  found  out,  is  capable  of  retaining  fire  for  a 

perpetuity. 

20.  (14)  That  the  fire  we  have  here  defcribed  is  that  univerfally  allow’d 
to  be  elementary  fire. 

21.  (15)  ’Tis  commonly  fuppofed  there  is  likewife  another  kind  of  fire, 
which  confumes  combuftible  bodies  into  invifible  parts,  and  which  is  judg’d 
to  be  fed,  and  falfely  imagined  to  change  fuch  bodies  into  true  fire :  and 
this  is  thought  to  be  produced  by  applying  fire  to  a  proper  pabulum  in  the' 
open  air  :  and  is  the  fifth  and  moft  ufual  manner  of  procuring  fire. 

22.  (16)  Pure  alcohol  is  the  only  matter  yet  difcovered  that  nourifhes  fire 
fo  as  to  be  totally  confumed  thereby  ;  without  yielding  any  thing  more  than 
a  pure  flame,  and  leaving  nothing  behind  upon  its  extinction. 

23.  (17)  The  force  of  fire,  however,  may  be  increafed  by  a  mixture  of 
other  bodies  with  its  pabulum  $  thefe  being  agitated  therewith  by  the.  fire. 
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24.  (18)  The  kindling  a  fire  does  not  create  or  generate  fire  de  novo.  Fire,  whether 
neither  is  there  any  deftroy’d  by  its  extindtion  ;  fire  being  unchangeable,  widofgra.- 
and  perhaps  void  of  gravity.  It  fhould  feem,  however,  that  the  contrary 
to  this  affertion  is  built  on  fuch  folid  arguments,  that  after  Mr,  Boyle 
gave  us  his  treatife  of  the  ■ponderability  of  flame  (q)9  it  fcarceappeared  to  admit 
of  a  doubt ;  and  much  lefs  fince  Romberg  publifhed  hi 5  obfervations  on  the 
great  additional  weight  that  incombuftible  bodies  receive  from  the  pureft 
elementary  fire,  quite  unmixed  with  any  material  fewel :  from  all  which  ’tis 
manifeft,  that  elementary  fire  is  capable  of  concreting  inftantaneoufly  with  bo¬ 
dies,  and  confiderably  augmenting  their  weight.  I  proceed  therefore,  out  of 
the  regard  I  bear  to  truth,  to  relate  the  experiments  brought  in  proof  there¬ 
of.  (1)  Mercury,  previoufly  well  cleanfed  by  metals,  and  thus  render’d 
more  fluid  than  the  native  fort,  being  digefted  in  a  clean  veflel  over  the 
flame  of  a  lamp,  for  afufficient  time,  is  changed  into  a  black,  white,  or  red 
powder,  and  has  its  weight  increafed  by  the  operation.  (2)  Du  Clos  fhew’d 
before  the  Academy  of  Sciences,  that  a  quantity  of  antimony,  expofed  to 
the  burning-glafs,  encreafed  a  fixteenth  part  in  weight,  though  a  large  fhare 
of  it  was  loft  in  fumes  by  the  operation.  (3)  Romberg ,  carrying  his  enquiries 
ftill  further  into  thefe  matters,  by  experiments  made  with  cTfcbirnhaufet s 
glafs,  having  its  focus  directed  into  a  hollow  veflel,  feems  to  have  proved 
ftill  more  clearly  the  poflibility  of  the  union  of  true  fire  with  bodies,  its 
confequent  concretion,  and  forming  therewith  a  new  and  very  different  body, 
confiderably  encreafed  in  weight.  In  this  view  he  expofed  four  ounces  of 
regulus  antimonii  martialis ,  reduced  to  powder,  to  the  focus  of  the  large 
dioptrical  glafs  of  the  Duke  of  Orleans ,  at  the  diftance  of  a  foot  and  half 
from  its  true  focus  ;  ftirring  it  frequently  with  an  iron  ladle,  till  it  ceafed 
fuming :  a  copious  thick  fume  arofe  in  the  beginning,  and  continued  for  a 
long  time  afterwards  ;  and  the  powder,  after  the  operation,  was  found  to 
weigh  four  ounces,  three  drams,  and  a  few  grains  ;  fo  that  it  had  encreas’d 
near  one  ten^h  of  its  original  weight.  This  powder  being  next  expofed  to 
the  true  focus  of  the  glafs,  and  thereby  inftantly  fufed,  dire&ly  loft  an 
eighth  part  of  its  original  weight,  with  the  three  drams  and  few  grains  it 
had  gain’d  in  the  former  operation  :  whence  it  fhould  feem  probable,  that  half 
an  ounce  of  the  regulus  was  loft  in  the  firft  calcination  ;  and  that  the  fufioii 
in  the  fecond  wafted  the  three  drams  of  fire  introduced  in  the  firft.  And 
this  feems  confirmed  by  the  preparations  of  red -lead,  quick-lime,  and  fome 
other  fubftances  in  the  fire.  That  fuch  was  the  event  of  thefe,  and  fome 
experiments  of  Mr.  Boyle ,  I  do  not  doubt  being  equally  convinced  of  the 
ability  of  thofe  great  men  for  making  experiments,  and  their  candour  in  re¬ 
lating  them.  But  I  muft  add,  that  having  thoroughly  ignited  a  piece  of 
iron,  of  eight  pounds,  it  acquired  no  additional  weight ;  for  weighing  it  in 
this  ftate,  and  after  leaving  it  in  the  fcale  till  it  was  become  cold,  the 
weight  thereof  in  both  cafes  was  precifely  the  fame :  aud  yet  the  degree 
cf  heat,  or  quantity  of  fire  in  the  iron,  confiderably  exceeded  that  of  the 
focus  above-mentioned  in  M.  Romberg1  s  experiment.  But  as  the  calcination 
there  was  made  in  an  iron  ladle,  or  earthen  veflel,  and  the  matter  employ'd 

X  x  2  kept 


(y)  See  Boyle  Abr,  Vol.  II.  p.  3S8. 
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kept  conftantly  ftirring  with  an  iron  ladle,  the  bulk  of  the  powder  might 
hence  be  increafed.  The  true  focus  immediately  expels  the  fire,  fuppofed  to 
be  united  with  the  antimony  j  if  indeed  it  may  be  called  real  fire.  Such  an 
increafe  of  weight,  however,  does  not  happen  in  all  bodies  thus  calcined, 
but  only  in  thofe  abounding  with  a  rapacious  fulphur,  as  antimony,,  lead,' 
tin,  iron,  and  orpiment  ^  whence  this  addition  is,  perhaps,  owing  to  the 
corrofion,  attrition,  and  mixture  of  the  particles  of  the  fulphur  with  thofe 
of  the  other  bodies,  feparated  by  fufion  in  fuch  operation.  But  the  encreafe 
of  weight,  in  bodies  expofed  in  glafs  vefTels,  from  the  fuppofed  infinuation 
of  fire  into  them,  is  fo  fmall,  that  it  may,  perhaps,  rather  be  afcribed  to 
fomething  communicated  to  them  from  the  glafs  itfelf.  Experiments  of 
this  kind  fhould  be  purpofely  made,  but  with  great  caution,  as  we  may  be 
eafily  led  into  error:  and  that  I  myfelf  may  not  feem  too  peremptory  and 
partial  in  my  opinion,  I  fhall  refer  you  to  that  accurate  relater  of  experi¬ 
ments,  Du  Hamel ;  whom  you  will  find  after  fuch  relations,  fkilfully  railing, 
difficulties  againft  them,  requiring  further  illuftration.  And  you  will  there 
meet  fome  experiments  of  Boulduc  (r),  ftrongly  favouring  the  contrary 
opinion  (r). 

25. 


See  Hifl.  Acad.  Sclent,  p.  14,  1  p. 

(r)  Mr.  Boyle  gives  us  feveral  experiments 
to  fhew,  “  That  fire  and  flame  may  incorpo- 
“  rate  with  folid  bodies,  and  increafe  their 
“  weight.  Having  difpofed  a  quantity  of  ful- 
phur  and  a  eopper-plate  in  a  tall  receiver, 
“  fo  as  that  the  plate  was  at  a  confiderable 
**  diftance  from  the  fulphur  ;  upon  firing  the 
“  fulphur,  and  letting  it  burn  away,  fo  that  its 
“  flame  reach’d  the  metal,  the  flame  feem’d 
“  to  have  a&ually  penetrated  it,  and  to  have 
“made  it  vifibly  fwell,  and  grow  thicker  ; 
“  which  appeared  to  be  done  by  a  real  accef- 
“  fion  of  fubftance  ;  fince,  after  he  had  wiped 
“  off  fome  little  adhering  fordes,  and  with 
“  them  feveral  particles  of  copper,  that  ftuck 
“  clofe  to  them,  the  plate  was  found  to  weigh 
“  near  thirty-two  grains  more  than  at  firlt ; 
“  and,  confequently  had  increafed  its  former 
“  weight  above  a  fifth  part. 

“  Upon  a  very  fhallow  crucible,  we  put  one 
“  ounce  of  copper-plate,  and  fet  it  in  a  cupel- 
“  ling  furnace,  where  it  was  kept  for  two 
“  hours  ;  and  then  being  taken  out,  we 
“  weigh’d  the  copper,  which  had  not  been 
“  melted,  (having  firft  blown  off  all  the  allies) 
“  and  found  it  had  gain’d  thirty  grains. 

“  Steel  being  a  metal  that,  as  experience 
“  informed  me,  will  very  eafily  be  wrought 
“  on  by  fluids  of  a  faline  nature,  ’twas  rea- 
“  fonable  to  expedt,  that  flame  would  have  a 
“  greater  operation  on  it,  efpecialiy  if  it  were 
“  before-hand  reduced  to  fmall  parts,  than  on 
“  any  bodies  hitherto  defcribed.  And  accor- 


“  dingly  four  drams  of  the  filings  of  fteel, 
“being  kept  two  hours  on  a  cupel,  under  a 
“  muffler,  acquired  one  dram,  6  f  grains,  in- 
“  creafe  of  weight. 

“  A  piece  of  refined  filver  being  put  upon  a« 
“  cupel  under  a  muffler,  and  kept  there  for 
“  one  hour  and  an  half,  was  taken  out  and 
“  weigh’d  again  ;  and  as  before  it  weigh’d 1 
“  three  drams,  32  f  grains,  it  now  weigh’d,. 
“  in  the  fame  fcales,  3  drams,  34  \  grains. 

“  And  to  prevent  all  fufpicion  of  any  in- 
“  creafe  of  weight  in  the  metal,  arifing  from 
“  fmoke,  or  faline  particles,  getting  in  at  the' 
“  mouth  of  the  veflel  j  I  made  the  experiment 
££  in  glafles,  hermetically  fealed,  as  follows  : 
“  fome  tin,  which  had  been  before  partly  cal- 
“  cined  in  a  glafs,  being  melted  again  in  a 
“  crucible,  we  weighed  out  juft  eight  ounces ; 
“  and  thefe  we  put  in  a  bolt-head  of  white 
“  glafs,  with  a  neck  above  twenty  inches  longs 
“  which  being  hermetically  fealed,  after  the 
“  glafs  had  been  a  while  kept  over  the  fire, 

“  left  it  fhould  break  by  the  rarifadlion  of 
“  the  air,  the  metal  was  kept  in  fufion  for 
<£  one  hour  and  a  quarter.  Being  unwilling 
“  to  venture  the  glafs  any  longer,  it  was  taken 
“  from  the-  fire,  and  when  it  grew  cold,  the 
“  feal’d  end  was  broken  off;  but  before  I 
££  could  have  the  bottom  cut  out,  I  obferved 
“  that  the  upper  furface  of  the  metal  was 
“  very  darkly  coloured,  and  very  irregularly 
“  rough  ;  and  the  lower  part  had  between 
“  the  bottom,  and  the  under-fide  of  the  lump, 

££  a  pretty  deal  of  loofe  dark-coloured  calx  ; 

“  though 
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2 5.  (19)  It  fhould  feem  that  elementary  fire  may  be  increafed  to  fo  great  Elementary 
a  degree  in  a  particular  place,  as  to  prove  the  caufe  of  certain  phyfical  effedts  ■f're  f 
in  bodies,  other  wife  not  readily  accounted  for  ;  but  which  may  now  be  ffjed. 
obferved  and  reduced  to  a  body  of  natural  hiftory.  And  this  is  further  con¬ 
firmed  by  dioptrics  and  catoptrics,  efpecially  when  they  are  both  applied, 

and  confpire  in  the  fame  operation.  And  the  aftion  of  this  fire  is  the  more 
remarkable,  on  account  of  its  being  unmixed  with  any  heterogeneous  matter, 
and  material  fewel  ;  whence  we  are  fhewn  the  force  of  the  aeftion  of  fimple 
pure  elementary  fire  upon  bodies  expofed  thereto  *,  which,  by  a  nice  inquiry, 
feems  reducible  to  two'  effedts,  namely  dijjipation  and  vitrification.  (1)  It 
inftantly  diftipates  all  fuch  liquids  and  folids  as  are  volatile  in  the  fire:  and, 

(2)  It  vitrifies  almoft  all  the  fixed  folids  yet  known,  that  are  not  diflipated 
thereby.  Thefe,  we  have  already  frequently  obferved,  are  all  the  effedts 
difcoverable  in  the  greateft  degree  of  fire,  procurable  by  all  the  means  hi¬ 
therto  found  out  for  this  purpofe  •,  but  as  fire  may  poftibly  be  colledted,  and 
increafed  to  infinite  degrees,  it  would  he  . wrong  to  imagine  that  its  ultimate 
poffible  adtion  upon  bodies  is  determined.  On  the  contrary,  the  greateft 
known  degree  of  fire,  is  but  the  beginning,  as  it  were,  of  the  greateft  de¬ 
gree  poftibly  producible.  And  fince  it  appears,  that  the  fmall  increafe  of 
fire  from  the  extremeft  cold  to  the  intenfeft  heat,  by  the  union  of  the  foci 
of  Villetters  and  Tfchirnhaufe’s  glaffes,  produces  fo  many  feveral  and  wonder¬ 
ful  efFedts ;  what  folly  muft  it  be  for  a  perfon  to  conclude,  that  he  has 
gain’d  a  complete  knowledge  of  the  adlion  of  fire  on  bodies  ? 

26.  (20)  Again,  it  appears  that  elementary  fire,  being  once  colledted  in  j{owpre. 
any  place,  from  whatever  caufe,  may  be  there  preferved  by  a  fuitable  pabu-  feritd. 
lum  *,  which  is  always  either  alcohol,  vegetable,  foffil,  or  animal  oil  :  and 

that  fuch  fire,  thus  fupported,  may  be  furprizingly  encreafed  by  the  addi¬ 
tional 


“  though  the  neighbouring  furface,  and  fome 
“  places  of  the  lump  itfelf,  look’d  by  candle- 
“  light  of  a  golden  colour.  The  lump  and 
“  the  calx  together  were  weigh’d  in  the  fame 
“fcales  carefully,  when  we  found  the  weight 
“  to  have  increafed  about  twenty-three  grains ; 
“  though  all  the  calx  we  could  eafily  feparate, 
t(  being  weigh’d  by  itfelf,  amounted  to  near 
“  eighty  grains. 

“  We  received  this  further  information  from 
“  our  experiments,  that  bodies  very  fpirituous, 
“  fugitive,  and  minute,  may,  by  being  aflo- 
“  dated  with  proper  particles,  tho’  of  quite 
“  another  nature,  fo  change  their  former  qua- 
“  lities,  as  to  be  arrefted  by  a  folid  and  pon- 
“  derous  body  to  that  degree,  ,  as  not  to  be 
*'  driven  away  from  it  by  a  fire  intenfe  e- 
“  nough  to  melt,  and  calcine  metals.  For  the 
“  foregoing  trials  feem  plainly  to  difeover, 
“  that  even  the  agitated  parts  of  flame,  minute. 
“  enough  to  pafs  through  the  pores  of  glafs 
“  itfelf,  were  fome  way  entangled  among  the 
“  metalline  particles  of  tin  and  lead ;  and 
“  thereby  brought  to  be  fo  fixed,  as  tO' endure 

the  heat  that  keeps  thofe  metals  in  fufion, 


“  and  gradually  reduce  them  to  calces ;  a 

phaenomenon  that  one  would  not  eafily  look 
“  for,  efpecially  confidering  how  fimple  a 
“  texture  that  of  lead  or  tin  may  be,  in  com- 
“  parifon  of  the  more  elaborate  ftrudtures  of 
“  many  other  bodies.. 

“  And  this  phenomenon, '  which  fhews  us  <• 
“  what  light,  and  fugitive  particles  of  mat- 
“  ter  may  permanently  concur  to  the  com- 
“  pofition  of  ponderous  and  fixed  bodies,  will 
“  perhaps  aftord  uftful  hints  to  the  fpeculativej 
“  efpecially,  if  this  ftridl  combination  of  a 
“  fpirituous  and  fugitive  fubflance  with  fuch 
“  as  being  grofs  and  unwieldy,  are  lefs  fit 
“  than  organized  matter,  to  entangle  or  de- 
“  tain  them,  be  applied,  as  it  may  be,  with 
“  advantage,  to  thofe  aggregates  of  fpirituous 
“  corpufcles  and  organical  parts,  that  make 
“  up  the  bodies  of  plants  and  animals  And 
“  this  hint  may  fuggeft  a  eonfiderable  infe- 
“  rence  to  be  drawn  from  the  operation  of 
“  the  fun  on  appropriated  fubjedts ;  luppofing 
“  it  to  prove  like  the  flame  of  tin  and  lead.  \ 
Boyle  Abr.  Vol.  II.  p.  388,  &  feq. 
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tional  gravity  of  the  incumbent  atmofphere,  and  a  large  fupply  of  oleous 
fewel,  intimately  mixed,  in  a  proper  quantity,  with  other  heavy  matters,  and 
brifkly  blown  with  feveral  large  bellows,  all  directed  to  the  fame  centre  of 
the  fire.  The  ultimate  effedt  of  the  greateft  known  degree  of  fuch  fire,  is 
■the  production  of  phofphorus  in  animals  and  vegetables,  of  glafs  in  vegetables, 
and  the  fufion  of  gold  in  foflils,  which  undergoes  no  change  therein. 

27.  (21)  Having  now  explain’d  the  chief  phyfical  ways  hitherto  known 
of  collecting  and  preferving  fire  in  any  place,  it  remains  to  fpeak  of  another 
very  powerful  and  frequent  manner  of  doing  the  fame,  viz.  by  the  mixtion 
of  different  bodies  together  ;  in  which  there  occurs  a  great  number  of  fur- 
prifing  effeCts  and  phenomena :  we  fhall  only  fingle  out  a  few. 


Of  producing  Heat  by  the  mixture  of  vegetable  bodies , 

1.  \  T  Aturalifts  have  long  ago  obferved,  that  a  confiderable  heat  or  cold 
are  fometimes  produced,  from  the  mere  mixing  of  certain  different 
bodies  intimately  together,  though  there  exifted  no  fuch  heat  or  cold  in  ei¬ 
ther  of  the  bodies  before  mixtion  ;  nor  does  it  continue  longer  than  while 
they  are  mixing  ;  which  being  finifhed,  the  new  heat  or  cold  ceafe,  and  the 
bodies  return  to  the  fame  temperature,  which  they  had  before  mixture. 

2.  This  hiftory  was  firft  begun  by  the  Lord  Bacon ,  and  compleated  by 
Mr.  Boyle  and  Dr.  Hook.  Some  articles  of  it  I  fhall  now  exhibit  i  in  order 
to  which  it  may  firfi:  be  neceffary  to  give  fome  account  of  the  inftruments, 
Plate  V.  which  1  fhall  ufe  therein.  ABC  is  a  large  thermometer,  filled  with  fine 

Lg.  I.  fpirit  of  wine,  and  fatten’d  to  a  groove  in  the  middle  of  a  board,  in  fuch 

manner,  as  that  the  lower  part  MBA  remain  at  liberty  from  the  wood,  that 
veffels  maybe  the  more  commodioufly  placed  under  the  fame  ;  on  the  board 
EG  are  mark’d  the  numbers  of  the  degrees  of  the  afcending  and  defcending 
liquor,  which  will  be  the  more  vifible,  if  the  board  be  painted  black,  and 
the  figures  white.  Lafily,  a  veffel  full  of  liquor  is  applied  under  the  inftru- 
ment  in  fuch  manner,  as  that  the  whole  thermometer  AB  remains  within  the 
veffel,  in  a  fluid  of  the  fame  degree  of  warmth  with  the  thermometer  itfelf : 
things  being  in  this  fituation,  and  another  fluid  being  poured  in,  and  mix’d 
by  ftirring  it  about  with  a  glafs  tube,  the  thermometer  will  then  indicate  the 
change  in  refpeCt  of  heat  and  cold  produced  by  the  mixture. 

EXPERIMENT  I. 


neat  from 
mixing  <water 
and  fpirit  of 
nine. 


3.  Having  in  one  veffel  two  ounces  of  rain-water,  brought  to  a  great  degree 
of  purity  by  diftilling  with  a  flow  fire  in  a  tall  veflel  •,  and  in  another  veffel  the 
fame  quantity  of  common  fpirit  of  wine,  I  examine  both  fluids  by  a  lmall 
thermometer,  and  find  the  heat  of  each  of  them  44  degrees  ;  then  placing 
one  of  the  veffels  under  the  thermometer  above  defcribed,  which  alfo  de¬ 
notes  44  degrees  of  heat,  I  fuddenly  mix  the  water  and  fpirit  of  wine  together, 
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by  pouring  one  into  the  other,  and  ftirring  them  about  with  a  glafs  tube 
of  equal  coldnefs  ;  the  refult  is,  that  the  liquors  grow  hotter,  fo  that  the 
fpirit  in  the  thermometer  rifes  to  52  degrees:  whence  we  learn,  1.  That 
pure  water  and  fpirit  of  wine  were  equally  hot  in  the  air  before  the  mixtion. 

2.  That  the  air,  fpirit  of  wine  and  water  were  equally  hot  before  the  mix¬ 
tion.  3.  That  air  and  water,  or  fpirit  of  wine  and  air,  remain  equally 
hot  after  mixtion,  as  before.  4.  That  water  and  fpirit  of  wine,  when 
mixed,  prefently  grow  hot  •,  and  this  not  from  any  heat  which  before  pre- 
exifted  in  them,  in  regard  they  were  equally  hot  or  cold.  5.  But  from  fome 
phyfical  caufe  latent  in  them,  and  which  after  mixtion  immediately  turn’d 
them  hot.  6.  That  this  heat  produced  by  the  mixture  does  not  continue 
longer  than  the  ad  of  mixtion  continues  ;  which  being  compleated,  the  heat 
ceafes,  even  tho*  we  continue  ftirring  more  ftrongly  than  before.  7.  That 
the  whole  phyfical  caufe  therefore  of  fo  confiderable  a  heat  here  produced  is 
the  application  of  the  particles  of  fpirit  of  wine  to  the  particles  of  water ;  at 
the  moment  of  the  contad  between  which  fire  is  produced,  which  pre¬ 
fently  difappears  again  after  the  contad  is  compleated.  8.  That  the  fire 
produced,  or  render’d  manifeft  by  this  mixture,  is  true  elementary  fire,  as 
appears  from  its  effed  on  the  thermometer.  9.  That  a  confiderable  quantity 
of  the  heat  produced  muft  have  been  loft,  before  the  thermometer  could  have 
been  heated  to  fuch  a  degree. 

EXPERIMENT  II. 

4.  Again,  I  take  two  vefiels,  in  one  of  which  is  the  fame  quantity  of  the  Water  and-' 
former  water,  but  heated  to  44  degrees,  and  in  the  other  an  equal  quantity  a!co!j'0^ 
of  pure  alcohol,  exadly  of  the  fame  degree  of  heat  as  in  the  former  expe¬ 
riment,  which  is  found  by  the  thermometer’s  noting  the  fame  degree : 
then  mixing  the  two  together  as  before,  the  thermometer  rifes  to  62  degrees. 

- — Hence,  (1)  We  infer  all  the  fame  particulars  already  enumerated  in  the 
former  experiment.  (2)  Water  and  alcohol  mix’d  together  heat  much  more 
ftrongly  than  water  and  fpirit  of  wine.  (3)  The  caufe  therefore  of  fuch  greater 
heat  depends  only  on  the  proportion  of  the  alcohol  to  the  water.  (4)  Water, 
when  poured  on  alcohol,  occafions  a  greater  degree  of  heat  in  the  fame,, 
than  the  alcohol  had  before,  notwithftanding  its  great  fimilitude  with  fire  ; 
for  alcohol,  if  mix’d  with  alcohol,  does  not  generate  any  further  heat,  which 
water  mixed  with  alcohol  does.  (5)  The  lefs  alcohol  this  water  has  in  it, 
that  is,  the  purer  it  is,  the  greater  heat  it  produces  by  mixtion  with  alcohol,, 
and  vice  verja. 


EXPERIMENT  III. 

5.  Take  two  ounces  of  alcalifed  alcohol,  and  as  much  of  the  pureft 
water;  before  mixture  they  will  be  found  equally  cold,  viz.  in  41  degrees,  ^atir^ 
which  is  aifo  that  of  the  thermometer  ;  but  upon  mixing  them  the  heat  arifes 
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The  caufe  of 
the  heat  here 
generated, 

' what . 


to  54  degrees.  Hence  we  learn,  (i )  The  fame  particulars  above  fpecified  in 
the  fird  and  fecond  experiments.  (2)  That  water  and  alcalifed  alcohol, 
by  mixtion,  produce  a  greater  degree  of  heat  than  water  and  fpirit  of  wine  •, 
but  lefs  than  water  and  pure  alcohol.  (3)  That  the  caufe  therefore  of  this 
increafe  of  heat  is  in  the  alcohol  and  water  alone. 

6.  Thefe  may  be  compared  with  feveral  experiments  of  M.  Geoffrey ,  which 
fhew  a  confiderable  production  of  heat ;  in  all  which,  befides  what  has  al¬ 
ready  been  obferved,  one  of  the  moffc  remarkable  things  is,  that  the  heat 
was  wholly  generated  at  the  moment  of  the  mixtion,  and  increafed  not  the 
lead  afterwards  *  whence  the  fooner  this  was  effected,  the  greater  degree  of 
heat  was  alfo  produced ;  and  the  more  flowly  and  fucceflively  the  mixtion 
was,  the  lefs  heat  was  always  produced  by  the  fame  quantity  of  in¬ 
gredients  (t).  In  effeCt,  when  once  the  mixture  is  compleated,  fo  that  the 
feveral  parts  of  the  water  are  in  contaCt  with  thofe  of  the  alcohol,  no  fur* 
ther  heat  is  to  be  expeCted  j  for  though  the  mixture  be  fhook  with  the 
greateft  vehemency,  the  degree  of  heat  will  dill  remain  the  fame,  and  even 
prefentiy  after  will  begin  to  abate,  which  it  v/ill  continue  every  moment  to 
do,  till  in  a  fhort  time  it  have  return’d  to  the  degree  of  heat  found  at 

that  time  in  the  external  air. - Hence  again  we  learn,  (1)  That  at  the 

point  of  time  when  the  attraction  arifes  between  the  particles  of  the  alcohol 
and  the  water,  the  phyfical  caufe  which  collects  the  heat  arifes  alfo  j  but 
what  this  fhould  be,  may  be  hard  to  fay  ;  yet  thus  much  is  obferved, 
that  about  the  moment  when  this  mixtion  is  made,  the  tranfparency  of 
both  fluids  is  confiderably  didurbed,  and  they  continue  in  fome  meafure 
opake,  fo  long  as  the  heat  here  produced  continues,  and  when  this  is  va- 
nifhed  become  limpid  again.  At  the  fame  time  alfo  there  arifes  a  great  num¬ 
ber  of  fmall  bubbles,  which  gliding  through  the  mixture  quickly  break, 
vaniffi,  and  rife  again  ;  but  after  the  heat  is  once  produced,  we  perceive 
them  no  longer.  Whether  thefe  bubbles  by  their  motion  produce  the  heat 
itfelf,  or  whether  they  themfelves  are  produced  by  the  heat,  from  the 
rarifaCtion  of  the  aerial  particles  whild  they  are  heating,  will  be  difficult  to 
affign. 

7.  (2)  Thus  much  at  lead  we  learn  hence, 
mediately  depend  on  the  contaCl  between  the 
ingredient  liquors,  but  rather  on  fome  other 
on  that  fird  union  of  the  parts.  Whence  it 
whole  heat  thus  produced,  only  exids  a  moment  of  time  ;  which  feems  very 
furprizing  ;  gun-powder  itfelf  fcarce  catching  flame  quicker  on  the  applica¬ 
tion  of  a  fpark,  than  this  heat  is  produced  by  the  mixtion  of  two  fluids. 

8.  (3)  The  nearer  we  look  into  thefe  things,  the  more  dubious  dill  wc 
grow  about  the  true  caufe  which  here  collects  the  fire  ;  whether  it  be  the 
reciprocal  attraction  between  the  particles,  where  by  approaching  they  rufh 
violently  upon  each  other,  and  by  fuch  collifion  agitate  the  elementary  fire  : 
or  whether  it  be  the  attraction  and  repulfion  immediately  fucceeding,  which 
produces  fo  indantaneous  an  attrition  as  to  generate  heat  i  fo  that  when  fuch 
attrition  ceafes,  all  things  return  to  their  former  red. 

% 

(/)  See  Mm.  de  l Acad,  R.  de  Sciepc,  an.  1723.  p.  53. 


that  this  heat  docs  not  im- 
united  fubdance  of  the  two 
caufe,  which  itfelf  depends 
appears  probable,  that  the 
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9.  (4)  And  as  this  heat  arifes  by  mixing  of  water  and  alcohol  together, 
whether  they  had  feparately  this  or  that  degree  of  heat  before  the  mixture, 
fince  a  new  proportionable  increafe  of  heat  is  always  found  after  the  mix¬ 
ing,  it  follows  that  alcohol,  mixing  with  the  watery  part  of  our  blood, 
may  heat  it  very  fuddenly  to  a  certain  degree,  and  for  a  certain  time,  be¬ 
yond  which  it  will  have  no  effedt. 

10.  (5)  Hence  alfo  cold  moift  bodies  may  be  heated  by  fri&ion  with  al¬ 
cohol  ;  whence  we  may  conceive  the  effeds  of  baths  and  fomentations 
made  with  alcohol. 

EXPERIMENT  IV. 

11.  If  we  mix  pure  water  with  the  fined:  generous  wine  after  the  fame  Wine  and 
manner  as  the  former,  when  the  mixtion  is  compleated,  there  will  be  no  ’water. 
fenfible  increafe  or  diminution  of  heat ;  fome  flender,  but  fcarce  fenfible 
warmth  indeed  appears  excited.  Whence  it  follows,  firft,  that  water  and 

wine,  which  are  equally  hot  in  themfelves,  continue  likewife,  after  mix¬ 
tion,  of  the  fame  degree  of  heat  as  before.  (2)  That  the  application,  there¬ 
fore,  of  wine  does  not  of  itfelf  heat  either  more  or  lefs  than  water  •,  confe- 
quently  the  heat  imparted  to  the  human  body,  by  drinking  wine,  does  not 
depend  on  the  heat  before  exifting  in  the  wine,  and  communicated  thereby 
to  the  juices,  fo  much  as  on  its  ftimulus,  whereby  the  velocity  of  the  blood’s 
motion  thro*  the  veflels  is  increafed,  and  confequently  the  attrition  between 
the  veflels  and  their  contents. 

EXPERIMENT  V. 

12.  Water,  and  ftrong  diftill’d  vinegar,  which  before  in  the  air  were  Water  and 
equally  hot,  being  fuddenly  mix’d  together,  produce  no  new  heat,  but  cvtneiar' 
remain  at  the  fame  degree  as  before  mixtion. — Whence  it  follows,  (1)  That 

water  and  vinegar  are  equally  hot,  and  this  either  when  feparate,  or  mix’d 
together.  (2)  That  the  cooling  virtue  of  vinegar,  with  regard  to  the  hu¬ 
man  body,  fo  much  celebrated  by  phyficians,  mull  depend  on  fome  other 
caufe  than  the  cold  naturally  inherent  in  it. 


EXPERIMENT  VI. 

-  -  •  *  # 

13.  Oil  of  tartar  per  deliquinmi  and  pure  water  taken  in  equal  quanti -  Oil  of  tartar 
ties  in  two  veflels,  are  found  equally  hot  with  the  external  air,  and  after  mix-  and  ™aler' 
ing  them  fuddenly  and  intimately  together,  they  ftill  retain  the  fame  degree 

of  heat. - Whence,  (1)  That  liquor,  which  to  us  appears  the  moft  fiery  of 

all  others,  is  in  reality  no  hotter  than  pure  water  j  nor  is  water  at  all  colder 
than  that  moft  heating  of  all  fluids :  This  might  appear  a  paradox  to  a  per- 
fon  unacquainted  with  the  above  experiment ;  but  in  reality  nothing  is  truer. 

Y  y  (2) 
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(2)  The  fame  fiery  liquor,  when  mix’d  with  water,  does  not  abate  any 
thing  of  the  coldnefs  thereof.  (3)  A  fixed  fiery  alcali,  after  being  difiolved 
in  a  fufficient  quantity  of  water,  can  raife  no  further  heat  in  any  other  water. 
(4)  This  alcaline  fluid,  when  mixed  with  the  watery  part  of  the  blood, 
cannot  excite  any  heat  therein. 

EXPERIMENT  VII. 

Water  and  oil  14.  Water  and  diftill’d  oil  of  turpentine,  when  feparate,  are  of  the  fame 
of  turpentine.  ^egree  0f  heat  with  the  atmofphere  at  that  time,  as  appears  by  examining  them 
with  a  thermometer;  and  even  when  intimately  mixed,  and  vehemently 

ftirred  about,  there  appears  not  the  leaft  addition  of  heat. - Hence  again* 

(1)  An  eflential  diftill’d  oil,  which  commonly  warms  the  human  body  to 
a  degree,  and  preferves  it  fo  powerfully  againft  cold,  is  in  itfelf,  in  rea¬ 
lity,  no  hotter  than  pure  cold  water.  (2)  This  oil,  which  in  many  re- 
fpe&s  approaches  fo  near  the  nature  of  alcohol,  yet  being  mixed  with  water, 
adds  nothing  to  its  heat ;  whilft  the  mixture  of  alcohol  makes  fo  confide- 
rable  an  addition,  as  above  fhewn  :  which  further  confirms  the  do&rine  a- 
bove  delivered,  of  the  firft  accefs  and  contadt  of  the  alcohol  and  water  being 
the  chief  caufe  of  the  heat  there  produced.  (3)  Therefore  the  admixture  of 
this  oil  with  the  humours  of  our  body  cannot  increafe  their  heat. 

EXPERIMENT  VIII. 

Alcohol  and  15.  The  fureft  fign  of  the  perfedt  purity  of  alcohol  is,  when  it  can  be 
oil  of  tureen-  £ntimately  mixed  with  a  diftill’d  oil  by  only  fhaking  them  together  ;  fince  the 
leaft  quantity  of  water  in  it,  will  render  fuch  intimate  mixtion  impofllble. 

16.  Taking  a  quantity  of  fuch  alcohol,  which  in  the  air  is  equally  hot 
with  another  quantity  of  pure  setherial  oil  of  turpentine,  and  mixing  them 
together,  we  find  them  unite  like  alcohol  with  alcohol,  without  mak¬ 
ing  the  leaft  alteration  in  the  degree  of  heat  that  each  of  them  had  be¬ 
fore  mixtion,  which  thofe  acquainted  with  the  former  experiments  would 

fcarce  have  expedled. - Hence  we  find,  that  the  particles  of  alcohol  will 

diflblve  and  mix  with  thofe  of  oil,  almoft  as  perfedtly  and  equally  as  with 
thofe  of  water,  yet  without  producing  any  heat  thereby  ;  and  confequently, 
that  alcohol,  when  mixed  with  the  oils  in  our  juices,  will  not  increafe  their 
heat,  though  when  mixed  with  the  watery  part  of  our  blood  it  may  :  fuch 
new  unforefeen  events  arife  in  nature  from  mixing  different  bodies  together. 

EXPERIMENT  IX. 

Vi  full'd  vine-  if  Diftill’d  vinegar  and  oil  of  turpentine,  when  feparate,  are  of  the  fame 
gar  and  oil  of  heat  as  the  air  at  fuch  time,  fuppofe  44  degrees  ;  but  if  flowly  and  gradually 

turpentine.  mixed  together  may  increafe  the  heat  to  45  degrees. - Hence,  (1)  vinegar 

and 
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and  oil  of  turpentine  are  of  equal  heat  in  themfelves.  (2)  But  blending  them 
together,  produces  a  further  degree  of  heat.  (3)  Hence  we  begin  to  perceive 
the  power  of  acids  to  generate  heat  with  oily  bodies,  even  tho’  the  acidity 
be  in  the  fmalleft  quantity  *,  fince  by  M.  Homberg’ s  obfervations  it  appears, 
that  the  quantity  of  true  acid  found  in  the  ftrongeft  vinegar  does  not  exceed 
an  80th  part  of  the  whole  (a).  64)  Vinegar,  therefore,  by  mixture  with  our 
oil,  produces  fome  heat.  (5)  Vinegar  differs  in  this  from  water. 

EXPERIMENT  X. 

1 8.  Taking  the  fame  vinegar  and  alcohol  as  in  the  former  cafe,  and  find-  vinegar  and 
mg  them,  on  trial,  of  the  fame  heat  as  air,  we  mix  them  together,  and  im-  alcohol 
mediately  a  fenfible  heat  arifes ;  fo  that  the  thermometer  mounts,  for  in- 

ftance,  from  42  degrees,  at  which  it  flood  before  the  mixtion,  to  52  degrees. 

- Hence  we  perceive,  (1)  That  alcohol  and  vinegar  aruof  equal  heat  in 

themfelves.  (2)  That  being  mixed  together  they  produce  a  much  greater 
degree  of  heat.  (3)  That  alcohol  grows  much  hotter,  when  mixed  with  vi¬ 
negar,  than  with  oil. 

EXPERIMENT  XI. 

19.  Oil  of  tartar  per  deliquium ,  and  oil  of  turpentine,  before  mixtion,  Oil  of  tartar 
were  each  found  to  have  45  degrees  of  heat,  and  after  mixtion  the  thermo-  and  oil  of  tur- 

meter  rofe  to  48  degrees. - Whence,  (1)  Thofe  two  fluids  are  of  equal  Pentine' 

heat  in  themfelves.  (2)  Mixing  them  together,  produces  a  confiderable 

heat. 


EXPERIMENT  XII. 

20.  The  fame  vinegar  and  oil  of  tartar  per  deliquium ,  which  figgly  in  the  Vinegar  and 
air  are  found  equally  hot,  for  inflance  of  46  degrees,  being  fuddenly  and  oil  of  tartar. 
thoroughly  mixed,  remain  exadtly  in  the  fame  degree.  In  this  experiment 

I  made  ufe  of  three  parts  of  vinegar  to  one  of  oil  of  tartar. - Hence  it  ap¬ 

pears,  that  the  mixture  of  oppofite  falts  does  not  produce  fire. 

* 

EXPERIMENT  XIII. 

21.  Alcohol  and  oil  of  tartar  per  deliquium  were  found  of  the  fame  heat  Alcohol  and 
with  the  ambient  air,  and  being  mixed  in  equal  quantities  as  intimately  as  oil  of  tartar. 
might  be,  rofe  from  64  to  68  degrees. 

(a)  Mem,  Acad.  Roy.  V.  I.  p.  52. 
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EXPERIMENT  XIV. 

Alcohol  and  22.  Having  fome  alcohol  in  a  phial  of  the  fame  heat  with  the  air,  viz. 
fait  of  tartar.  47  degrees,  and  pouring  into  it  fome  pure  dry  fixed  alcaline  fait  of  tartar, 
the  thermometer  immediately  rofe  to  5 1  degrees. 

EXPERIMENT  XV. 

Salt  of  tartar  23.  By  adding  fome  dry  fixed  alcaline  fait  of  tartar  to  three  times  the 
and  water,  quantity  of  pure  water,  the  thermometer  rifes  from  47  degrees  to  57. 

EXPERIMENT  XVI. 

The  fame  and  24.  Upon  mixing  fome  of  the  fame  fait  of  tartar  with  three  times  the 
« vinegar .  quantity  of  vinegar,  the  thermometer  rifes  from  43  degrees  to  49. 

EXPERIMENT  XVII. 

The  fame  and  25.  By  mixing  the  fame  fait  of  tartar  with  three  times  the  quantity  of  oil  of 

oil  of  tureen-  turpentine,  the  thermometer  rifes  from  43  degrees  to  48. 

26.  Hence  we  learn,  (1)  That  the  fimples  procurable  from  vegetables  by 
chemiftry  are  naturally  of  the  fame  degree  of  heat,  viz.  the  fame  with  that  of 
the  atmofphere  at  fuch  time.  (2)  That  fome  of  thofe  above  fpecified  con- 
trad  a  further  heat  at  the  time  of  their  mixtion  j  but  that  this  heat  does  not 
continue  longer  than  while  the  mixtion  is  making  ;  which  being  once  com- 
pleated,  the  additional  heat  difappears,  and  the  mixture  returns  to  the  tem¬ 
perature  of  the  air  at  that  time.  (3)  That  this  acceflion  of  heat  therefore 
dees  not  arife  out  of  the  fubftance  of  the  mixed  bodies,  but  refults  only  from 
their  prefeftt  union.  (4.)  That  alcohol  and  water  are  the  chief  vegetable 
fluids,  which  have  this  power  of  generating  heat.  (5)  That  fait  of  tartar 
and  water  are  the  principal  folid  and  fluid  bodies,  which  by  their  mixture 
together  produce  the  greateil:  heat.  (6)  That  alcohol  and  fait  of  tartar  are 

the  next  powerful  to  thefe. - We  proceed  now  to  examine  the  parts  of 

animals.  '  . 


of 


The  Theory  of  Chemistry. 


349 


Of  producing  Heat  hy  the  mixture  of  animal  and  vege¬ 
table  Subfances . 

EXPERIMENT  I.  in  various  manners. 

i.  f  E  frefh  urine  of  a  healthy  man  being  kept  in  the  air,  foon  returns  Experiments 
|  to  the  temperature  thereof;  and  after  this,  if  it  be  mixed  with  an  u^on  urine' 
equal  quantity  of  water  of  the  fame  degree  of  heat,  the  thermometer  remains 
at  the  fame  height  as  before. 

If  it  be  mixed  with  alcohol,  the  heat  will  rife  from  38  degrees  to  49. 

Mixed  with  oil  of  turpentine,  no  alteration  is  produced. 

With  fait  of  tartar,  it  rifes  from  38  degrees  to  39. 

With  the  ftrongeft  vinegar,  no  alteration  is  perceived. 

With  fpirit  of  urine,  no  alteration. 

With  fait  of  urine,  it  finks  two  degrees. 

With  fpirit  of  nitre,  it  rifes  from  38  degrees  to  43. 

With  fpirit  of  fait,  it  rifes  from  39  degrees  to  43. 

With  oil  of  vitriol,  it  rifes  from  39  degrees  to  54. 

EXPERIMENT  II.  in  different  manners, 

2.  The  urine  of  a  healthy  man  being  kept  a  long  time  in  a  clofe  vefTel, 
and  hereby  much  putrefied,  is  found  of  the  fame  degree  of  warmth  as  the 
air  in  that  time;  and  being  mixed  with  an  equal  quantity  of  pure  water, makes 
the  thermometer  fink  a  little. 

Being  mixed  in  the  fame  manner  with  alcohol,  the  heat  rofe  from  38  de¬ 
grees  to  45. 

With  oil  of  turpentine,  no  change  is  perceived. 

With  fait  of  tartar,  it  fell  from  38  degrees  to  36. 

With  the  ftrongefi:  vinegar,  it  rofe  from  37  to  38. 

With  fpirit  of  urine,  it  fell  from  38  to  36. 

With  fait  of  urine,  from  38  to  32. 

With  fpirit  of  nitre,  rofe  from  38  to  40. 

With  fpirit  of  fea-falt,  from  38  to  41. 

With  oil  of  vitriol,  from  38  to  45. 

EXPERIMENT  III.  in  various  manners. 

3.  Salt  of  urine,  procured  by  diftillation  from  frefh  urine,  without  any  Salt  of  urine. 
other  addition  except  fand,  being  mixed  with  water,  after  the  manner  fo 

often  already  fpecified,  made  the  thermometer  fink  from  40  degrees  to  38. 


With 


Spirit  of  ful 
ammoniac 
with  difili'd 
‘vinegar,  &c. 


Water ,  /alts, 
acid  Jpirits, 
&C. 
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With  alcohol,  it  rofe  from  40  to  41. 

With  .fait  of  tartar,  from  40  to  45. 

With  the  ftrongeft  vinegar,  it  fell  from  43  to  41  •,  and  with  the  fame  vi¬ 
negar  infpiftated  to  half  the  quantity,  from  42  to  44. 

With  fpirit  of  nitre,  from  43  to  60. 


EXPERIMENT  IV.  in  different  manners. 

*■  •  •  %  ■  t  t  *  **  »  *  T  T*  .  :j_  ^j***,-^* 

4.  Taking  fome  of  the  ftrong  volatile  alcaline  fpirit,  prepared  with  equal 
quantities  of  fal  ammoniac  and  fait  of  tartar,  and  mixing  it  with  an  equal 
quantity  of  ftrong  fpirit  of  vinegar,  the  two  liquors,  which  before  mixture 
were  equally  hot  with  the  ambient  air,  made  the  thermometer  rife  after  mix¬ 
tion  from  44  degrees  to  48. 

With  the  ftrongeft  vinegar,  infpiiTated  to  half  the  quantity,  from  44  degrees 

47  T  ...  - 

With  fpirit  of  fait  diftill’d  with  bole,  and  then  rectified,  from  46  degrees 
to  64. 

With  fpirit  of  nitre  diftill’d  with  bole,  from  46  degrees  to  82. 


Of  prGducmg  Heat  by  the  mixture  of  f off  Is, 

EXPERIMENT  I.  in  various  maruiers. 

1.  T  T  PON  mixing  3  ounces  of  pure  water,  when  47  degrees  hot, 
with  one  ounce  of  pure  nitre  finely  powder’d,  the  thermometer 
finks  to  36  degrees. 

'2.  Mixing  1  ounce  of  pure  borax  with  3  of  pure  water,  48  degrees  hot, 
the  liquor  in  the  thermometer  falls  to  45  degrees 

3.  Mixing  1  ounce  of  fea-falt  with  3  of  pure  water,  46  degrees  hot, 
the  thermometer  falls  to  43  degrees. 

4.  Mixing  1  ounce  of  fal  ammoniac  with  3  of  pure  water,  47  degrees  hot, 
the  thermometer  falls  to  28  degrees. 

5.  Mixing  1  ounce  of  oil  of  vitriol  unredtified,  with  3  of  pure  water,  45 
degrees  hot,  it  rifes  to  60  degrees. 

6.  Mixing  1  ounce  of  oil  of  vitriol  unredtified,  with  2  ounces  of  pure 
alcohol,  47  degrees  hot,  it  rifes  to  60  degrees. 

7.  Mixing  1  ounce  of  oil  of  vitriol  unredtified,  with  3  ounces  of  diftill’d 
vinegar,  46  degrees  hot,  it  rifes  to  60  degrees. 

8.  Cerufe  being  mixed  with  weak  aqua  fortis in  the  adt  of  ebullition 
rifes  from  44  degrees  to  57. 

9.  Tin-filings  mixed  in  aqua  regia ,  during  the  ebullition,  raifes  its  heat 
from  44  to  56.  Iron-filings  in  aqua  regia ,  while  the  ebullition  holds,  raifs 
it  from  44  degrees  to  160  degrees. 
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io.  I  have  made  numerous  other  experiments  of  this  kind,  which  it  might 
be  tedious  to  recite  ;  but  one  thing  we  may  obferve,  that  if  all  the  fimple 
bodies,  whofe  hiftories  we  have  given  among  the  vegetable,  animal,  or 
folTil  clafles,  be  examined  in  fuch  order,  as  that,  firft,  obfervation  be 
made  of  the  phenomena  arifing,  when  by  the  laws  of  combination  they  ap¬ 
pear  feparately  in  each  {ingle  clafs  *,  and  then,  after  the  like  manner,  the 
fimples  of  each  clafs  be  mixed  together ;  we  might  foon  arrive  at  a  compleat 
authentic  hiftory  of  the  heat  arifing  from  the  mixture  of  different  bodies  («). 

By 


(a)  “  Take  Tome  ounces  of  ftrong  oil  of  vi- 
“  triol,  and  fhaking  it  with  three  or  four 
“  times  its  weight  of  common  water;  though 
“  both  thefe  liquors  were  cold  when  put  to- 
“  gether,  yet  in  their  mixture  they  will  im- 
“  mediately  grow  intenfely  hot,  and  continue 
“  confiderably  fo  for  fome  time. 

“  By  putting  a  confiderable  quantity  of 
“  dry  fait  of  tartar  in  the  palm  of  my  hand, 
“  and  wetting  it  well  with  cold  water,  there 
“  has  been  a  very  fenfible  heat  produced  in 
“  the  mixture  :  and  when  I  have  made  the 
“  trial  with  a  large  quantity  of  the  fait  and 
“  water  in  a  phial,  the  heat  proved  very  in- 
“  tenfe,  and  continued  to  be  fenfible  for  a 
“  long  time  after. 

“  ’Tis  known  that  falt-petre  being  put 
“  into  common  water,  produces  a  fenfible 
“  coldnefs  therein,  as  it  doth  alfo  in  many  o- 
“  ther  liquors ;  but  that  the  fame  fait,  put  into 
“  a  liquor  of  another  conftitution,  may  have 
“  a  quite  dilferent  effedl,  appears  by  mixing 
“  eight  ounces  of  fine  falt-petre  in  powder,, 
“  with  fix  ounces  of  oil  of  vitriol  :  for  here  a 
“  fait,  not  only  aftually  cold,  but  with  re- 
“  gard  to  many  other  bodies,  potentially  fo, 
“  mixed  with  oil  of  vitriol,  which  is  fenfibly 
“  cold  too,  quickly  conceives  a  confiderable 
“  degree  of  heat,  whofe  eftecls  alfo  become 
“  vifible  in  the  plenty  of  fumes,  emitted  by 
“  the  heated  mixture.  And  tho’ gun-powder 
“  feems  to  be  of  a  very  fiery  nature,  yet  if 
“  fome  ounces  of  it,  reduced  to  a  powder,  be 
“  thrown  into  four  or  five  tiroes  as  much 
**  water,  it  will  very  manifeftly  impart  a 
“  coldnefs  to  it,  as  experience  made  with,  as 
“  well  as  without,  a  feal’d  thermometer,  has 
“  allured  me. 

“  I  have  made  an  experiment,  fays  Mr. 
“  Boyle ,  in  which  two  liquors,  whereof  one 
“  was  natural,  did,  by  being  feveral  times  fe- 
“  parated,  and  reconjoined  without  addition, 
“  at  each  conjunflion  produce  a  fenfible  heat. 
“An  inllance  of  this  kind  we  have  in  fait  of 
“  tartar,  from  which,  after  it  had  been  once 
“  heated  by  the  affufion  of  water,  we  ab- 
“  ftrafted  the  liquor  without  violence  of  fire, 
“  till  the  fait  was  again  dry  ;  and  then  put- 


“  ting  on  water  a  fecond  time,  the  fame  fait 
“  grew  hot  again  in  the  phial,  and  prod  >ced 
“  the  like  heat  a  third  time,  and  might  pro- 
“  bably  have  done  it  oftner. 

“  Perhaps  the  heat  may  much  depend  on 
“  the  particular  difpofition  of  the  calcined 
“  body,  which  being  deprived  of  i.s  former 
“  moiflure,  and  made  more  porous  by  the 
“  fire,  acquires,  by  means  of  thefe  igneous 
“  effluvia,  fuch  a  texture,  that  the  water,  im- 
“  pelled  by  its  own  weight,  and  the  preffure 
“  of  the  atmofphere,  is  able  to  get  into  a 
“  multitude  of  its  interflices  at  once,  fuddenly 
“  diffolve  the  alcalizate  falts  it  every  where 
“  meets  with  ,\  and  brifkly  disjoin  the  earthy 
“  and  folid  particles  that  were  blended  with 
“  them,  which  being  exceeding  numerous, 
“  though  each  of  them  perhaps  be  very  mi- 
“  nute,  and  moves  but  a  very  little  way,  yet 
“  their  multitude  makes  the  confufed  agita- 
“  tion  of  the  whole  aggregate,  and  of  the 
“  particles  of  the  water  and  fait,  vehement 
“  enough  to  produce  a  fenfible  heat.” 

And  the  fame  that  is  here  fhewn  of  heat , 
does  likewife  appear  of  its  oppofite,  cold. 
“  Mr.  Boyle  obferves,  that  a  more  intenfe  de- 
“  gree  of  cold  may  refult  from  a  mixture, 
“  than  was  to  be  found  in  either  of  the  ingre- 
“  dients  a-part ;  and  alfo  that  a  confiderable 
“  coldnefs  may  be  begun  between  bodies,  nei- 
“  ther  of  them  adually  cold  before  they  were 
“  put  together.  Having  brought  a  glafe  full 
“  of  water  to  fuch  a  temper,  that  its  warmth 
“  made  the  fpirit  of  wine  in  the  fealed  wea- 
“  ther-glafs  manifeftly  afeend,  I  took  out  the 
“  thermometer,  and  laid  it  in  powder’d  fal- 
“  ammoniac,  warmed  before-har.d,  whereby 
“  the  tinged  liquor  was  made  to  afeend  much. 
“  qtiicker  than  juft  before  by  the  water  ;  and 
“  having  prefently  removed  the  inftrument 
“  into  that  liquor  again,  and  poured  the 
“  warmifh  fal-ammoniac  into  the  fame,  I 
“  found,  that  within  half  a  minute  or  lefs,  the 
“  fpirit  of  wine  begun  to  fubfide,  and  fell 
“  above  a  whole  divifion  and  f  below  the 
“  mark  at  which  it  flood  in  tire  water,  be- 
“  fore  the  liquor  or  fait  were  warmed.  Nop- 
“  did  the  fpirit  in  a  great  while  re-afeend 

“■  to. 
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- - By  the  way  it  may  be  obferved,  that  the  experiments  which  I  have 

here  rehearfed,  were  not  made  with  all  the  accuracy  poflible,  but  many  of 
them  too  haftily,  for  fear'of  prolonging  time  *,  befides,  that  in  regard  of  the 
great  number  of  my  fpedtators,  I  found  it  necefiary  to  m a&e  ufe  of  large 
thermometers,  which,  it  is  evident  by  the  great  bulk  of  the  part  immerged 
in  a  fmall  quantity  of  liquor,  muft  make  a  confiderable  alteration  in  the  heat 
or  cold  produced  in  the  mixture  by  drawing  it  to  itfelf,  and  thus  changing 
the  event.  The  experiments  therefore,  for  thefe  reafons,  muft  not  be  look’d 
on  as  ftricftly  and  accurately  juft.  For  fuch  as  are  difpofed  to  repeat  them, 
1  would  recommend  Fahrenheit's  excellent  mercurial  thermometer,  which 
I  ufed  in  the  above-mentioned  experiment  of  producing  cold  by  means  of 
fal-ammoniac.  This  inftrument  is  exceedingly  fenfible,  even  of  the  fmalleft 
heat  and  cold  j  and  can  make  very  little  alteration  in  the  liquors  to  be  exa¬ 
mined  thereby. 


**  to  the  height  it  had  when  the  water  was 
“  cold. 

“  We  took  a  fmall  fealed  thermometer, 
“  whofe  Item  was  divided  into  equal  parts  by 
“  litle  fpecks  of  amel,  that  fharp  liquors 
“  might  not  eat  off,  nor  fpoil  the  marks. 
“  The  ball  of  this  inftrument  we  put  into  a 
“  {lender  cylindrical  veffel,  and  more  than 
cover’d  it  with  ftrong  oil  of  vitriol  i  and 
“  left  it  there  a  while  to  be  reduced  to  the 
“  temper  of  the  furrounding  liquor  j  then  we 
“  caft  upon  it  by  degrees  fal-ammoniac  well 
“  powder’ d, which  being foonfurioufty  wrought 
upon  by  the  menftruum,  a  feeming  effer- 
vefcence  was  produced  in  the  conflift,  with 
“  great  noife  and  much  froth,  which  more 
“  than  once  was  ready  to  run  out  of  the  veffel. 
“  But  for  all  this  feeming  ebullition,  the  mix- 
“  ture,  inftead  of  proving  hot,  did  really  grow 
“  gradually  colder,  as  appeared  net  only  to 
“  the  touch,  but  by  the  defeent  of  the  tinged 
“  fpirit  of  wine.  But  pouring  this  aftually 
“  cold  mixture  into  three  or  four  times  its 
“  vveight  of  common  water,  which  was  like- 
wife  actually  cold  i  this  fecond  mixture 


“  immediately  grew  fo  hot,  that  I  could  not 
“  keep  my  finger  for  a  minute  or  two  upon 
“  the  outfide  of  the  containing  glafs. 

“To  12  ounces  of  fal-ammoniac  we  put, 
“  by  degrees,  an  equal  weight  of  water  ;  and 
“  whilft  the  liquor  diftolved  the  fait,  and  by 
“  the  aflion  produced  a  great  coldnefs,  we 
“  warily  poured  in  i  z  ounces  of  good  oil  of 
“  vitriol ;  whence  a  notable  degree  of  heat 
“  was  quickly  produced  in  the  glafs,  wherein 
“  the  ingredients  were  mixed,  tho’  it  feem’d 
**  unlikely,  that  the  two  liquors,  which  u- 
“  fually  with  fal-ammoniac  do  each  produce 
“  an  intenfe  cold,  fhould,  upon  adling  toge- 
“  t’ner,  produce  the  contrary  quality. 

“  In  molt  of  the  experiments  hitherto  pro- 
“  pofed,  cold  is  regularly  produced  in  a  me* 
“  chanical  way  ;  but  in  fome  fort  of  trials,  I 
“  found  the  event  varied  by  unobferved  cir- 
“  cumftances,  fo  that  manifeft  coldnefs  would 

be  fometimes  produced  by  mixing  two  bo- 
“  dies  together,  which  at  another  time  would 
“  upon  uniting  difclofe  a  manifeft  heat ;  and 
“  fometimes  again,  tho’  more  rarely,  would 
“  have  but  a  very  faint  degree  of  either.” 
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Of  producing  true  Fire  in  a  cold  body ,  by  the  foie 

accefs  of  the  Air . 


i.  t  fl  AHE  unwearied  induftry  of  the  chemifts  has  been  continually  dlf-  The  invention 
1  covering  new  things,  unknown  to  former  ages  *,  among  which  of  phofphori. 
there  is  nothing  more  remarkable,  fetting  gun-powder  afide,  than  that  a 
body  fhould  be  hereby  produced,  which,  though  cold,  like  all  other  things, 
when  kept  clofe  from  the  air,  is  no  fooner  expofed  thereto,  and  its  furface 
brought  in  immediate  contadl  therewith,  than  it  conceives  fire,  and  breaks 
into  flames*,  without  the  mediation  of  any  other  body.  Or  without  mecha¬ 
nical  attrition,  or  the  application  of  any  fire  to  it.  Such  bodies  are  called 
phofphori,  and  of  fuch  alone  we  fhall  here  treat,  as  not  including  under  this 
name  thofe  others  which  only  fhine  in  the  dark,  without  kindling  fire. 

2.  In  the  firft  place,  therefore,  the  juices  of  animals,  efpecially  when  Animal  or 
putrefied,  and  deprived  by  fire,  of  all  the  volatile  parts,  viz.  their  vo-  KunkePj 
lathe  fait  or  oil,  leave  a  fort  of  coal  behind  them,  which  being  mixed  with  tMP^oruu 
three  times  the  quantity  of  fand,  or  of  charcoal-duft,  or  with  double  the 
quantity  of  charcoal,  and  half  of  alum,  and  the  whole  gradually  diftill’d  in 
a  retort  made  of  crucible  earth  well  luted,  by  an  open  reverberatory  fire, 
continually  increafed,  till  it  be  raifed  to  the  higheft  pitch,  and  there  conti¬ 
nued  equably  for  a  long  time,  the  retort  being  withal  fo  fitted  to  the  furnace, 
that  the  mouth  of  its  beak  may  touch  the  water  in  the  receiver,  which  is 
duly  luted  on  for  the  purpofe  ;  the  fire  at  laft,  after  caufing  fumes,  will  raife  a 
ponderous  grey  matter,  which  falls  in  grains  to  the  bottom  of  the  water,  is 
not  dilTolvable  in  water,  but  liquifiable  by  fire,  and  capable  of  being  melted 
thereby  into  mafles  under  the  water.  This  is  that  called  the  phofphorus  of 
Krajft ,  Kunkel ,  and  Boyle  \  which,  if  kept  in  a  clofe  vefiel  under  water,  and 
cold,  may  be  preferved  good  for  a  long  time.  But  When  the  air  becomes 
hotter,  it  may  be  feen  to  flafh  in  the  dark  thro*  the  water  it  lies  in,  and  when 
expofed  to  an  open  warm  air,  Will  emit  light,  and  if  the  air  become  a  little 
hotter,  a  conftant  ebullition  of  the  internal  parts  of  phofphorus  may  be  per¬ 
ceived  by  a  microfcope,  foon  after  which  it  kindles,  flames,  and  confumes 
away,- only  leaving  behind  an  oil  of  vitriol,  or  fome  other  fluid  much  like  it  in  The  caufe  of 
acidity  and  weight  This  therefore  is  a  new  and  very  different  method  lti  lurnU!&- 

from 


\y)  Phofphori  in  geheral,  fays  M.  Leme'ry', 
may  be  confidered  as  fo  many  fpunges  full  of 
fire,  or  the  matter  of  light,  which  is  fo  weakly 
retained  therein,  and  by  fo  fiender  a  hold, 
that  a  fmall  external  force  is  fuificient  to  put 
it  in  a  condition*  to  exhale-  in  a  lucid  form, 
and  fometimes  even  to  burn  the  bodies  that 
come  in  its  way  *. 

It  has  been  above  obferved,  that  there  is 
no  body,  which  can  be  efteemsd  a  magnet 

*  Mem.  tie  l' Acad.  art.  1713. 


with  refpeCt  to  fire,  /.  e.  no  body  which  at¬ 
tracts  it  by  any  peculiar  virtue,  more  than 
other  ;  and  yet  our  author  furnifhes  fome  con- 
fidefations  on  phofphori,  which  feem  to  evince 
the  contrary.  “  That  the  fourth  way  of  col- 
“  leCting  fire,  fome  have  obferved,  is  in  fome 
“  meafure  magnetical,  i.  e.  performed  by 
“  means  of  certain  bodies,  peculiarly  difpofed 
“  to  imbibe  and  retain  fire.  For  that  there 
“  is  fome  peculiar  agreement  and  attraction 
Z  z  '  “  be- 
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from  any  of  the  former,  of  producing  fire.  Is  it  that  the  air,  which,  when  a 
little  hotter  than  ufual,  is  always  fuppofed  to  be  in  a  ftate  of  ebullition,  by 
its  frequent  fhakes  and  concuffions  makes  an  attrition  on  the  phofphorus, 
agitates  its  particles,  and  thus  excites,  firft,  a  feeble  heat,  then  light,  and 
laftly  flame,  in  a  fubftance  before  eafily  movable,  though  fixed  ?  ’Tis  cer¬ 
tain  the  fame  matter,  in  very  cold  weather,  hardly  fhines,  or  grows  warm, 
much  lefs  kindles,  even  when  expofed  to  the  air ;  but  when  once  it  has 
catch’d  fire,  can  hardly  be  extinguilhed  again.  By  moft  of  its  properties, 
as  well  as  the  analyfis  made  of  it  by  deflagration,  it  appears  to  come 
nearefi:  the  nature  of  the  pureft  common  fulphur  ;  only  it  is  fomewhat  fofter 
and  more  fufible,  and  more  approaching  the  nature  of  wax  :  but  differs  from 
both  in  this,  that  it  boils  and  kindles  by  fo  fmall  a  degree  of  fire  (z). 

3.  There  is  another  more  elegant  manner  of  preparing  a  matter,  which 
upon  mere  contad  with  the  air,  whether  hot  or  cold,  fhall  immediately  pro¬ 
duce  true  burning  fire.  This  was  firfl:  communicated  to  me  in  a  letter  from 
Paris,  dated  the  6th  of  April  1712,  written  by  the  excellent  M.  Homberg 
and  delivered  to  me  by  the  noble  Lord  Hajberg ,  who  added  feveral  obfer- 

vations  • 


“  between  fire  and  certain  bodies,  is  evident, 
“  among  other  things,  from  black  bodies, 
“  which,  as  already  obferved,  abforb  almolt 
“  all  the  fire  that  falls  on  them,  whereas  other 
“  bodies  reflect  a  great  part  of  it,  and  fome 
**  all.  Other  inltances  of  fuch  agreement  we 
“  have  in  the  phofphorus  Balduini  and  the  Bo- 
“  noninn  itone }  which  when  duly  prepared  have 
“  all  the  characters  of  attra&ives :  thus,  being 
“  immediately  expofed  in  a  dark  place,  they 
do  not  afford  any  light ;  but  expofe  them 
“  firfl  to  the  fun  a  while,  and  they  will  then 
“  fhine  in  the  dark,  as  having  imbibed  a 
“  flock  of  fire,  and  lodged  it  in  their  fpon- 
“  geous  fubftance,  •  to  be  difpenfed  again  by 
“  degrees.  The  like  may  be  faid  of  the 
“  phofphorus  made  of  human  urine,  and  other 
“  chemical  preparations,  which  receive  fuch 
“  a  proportion  of  fire  in  the  preparation,  and 
“  retain  it  fo  well  in  their  unCtuous  fubftance, 
“  that  it  fhall  keep  there,  in  water,  for  20 
“  years ;  fo  as  upon  the  firfl  laying  them  open 
“  to  the  air,  to  take  fire,  and  exhale  in  lucid 
“  fumes ;  leaving  nothing  behind  but  an  acid 
“  malagma,  like  oil  of  fulphur  per  campanam, 
“  or  oil  of  vitriol.  Not  that  we  fuppofe  the 
“  fire  fixed  and  quiefeent  all  the  while  in  the 
“  body  of  the  phofphorus ;  for  that  it  has  a 
“  real  motion  all  the  while,  is  evident  hence, 

*  that  if  you  obferve  it  in  any  dark  place,  in 
“  the  fummer  time,  you  will  find  it  conti- 
“  nually  fulminating  and  emitting  ftafhes : 
“  tho’  with  all  this  it  fcarce  lofes  any  thing 
“  of  the  fire.  So  that  the  fire  is  not  fixed  in 
“  the  phofphorus,  but  in  a  continual  undula- 
“  tor)-  motion.'* 


In  the  experiment  <5f  the  phofphorus,  we 
obferve,  that  water  aCts  on  the  fire  contained 
in  the  phofphorus}  as  keeping  it  in,  and 
preventing  its  confumption,  and  diffipation. 
Hence,  as  foon  as  the  water  is  taken  away, 
the  heat  and  fmoke  immediately  confefs  that 
the  fire  is  breaking  out.  Add,  that  air  itfelf 
does  alfo  feem,  in  fome  meafure,  to  keep  in 
the  fire  contained  in  hot  water ;  and  hinder 
it  from  efcaping  fo  fall  as  it  does  in  vacuo: 
Thus,  heating  two  equal  veffels  of  water  e- 
qually,  and  then  putting  one  of  them  in  a  re¬ 
ceiver  ;  as  you  exhauft  the  air,  the  water  will 
boil  vehemently,  and  foon  become  barely 
lukewarm  ;  while  the  other  remaining  in  the 
open  air,  has  neither  boiled,  nor  loft  any  fen- 
fible  part  of  its  heat.  Something  like  this  is 
obfetved  in  fhining-wood  }  for  fome  wood 
having  rotted  in  the  ground,  fhall  fhine  very 
brifkly  when  taken  out,  the  fire  having  been 
kept  in  by  the  contiguous  earth:  but  in  a. 
day  or  two’s  continuance  in  the  air,  it -(pends 
all  its  light,  and  ceafes  to  fhine.  ’Tis  hard  to 
fay  how  fire  fbould  thus  be  confined  by  am¬ 
bient,  loofe,  porous  bodies ;  or  by  what  ac¬ 
tion  fuch  bodies  fhould  produce  this  effect : 
preffure,  one  would  imagine,  fhould  be  alto¬ 
gether  inadequate,  fince  it  has  been  fhewn 
that  fire,  by  its  extreme  fubtility,  can  readily 
penetrate  through  all,  even  the  moft  folid  bo¬ 
dies.  s'Gravejand,  ibid. 

(2)  See  Boyle  Abr.  Vol.  III.  p.  173.  feq. 
Slare  in  Phil.  Tranf.  1683.  p.  1 457.  Hom¬ 
berg.  in  Mem.  de  Matbem.  &  Bhyf.  an.  1692. 
p.  74,  to  80.  Nieuvcentyt ,  p.  5 20.  Hojf- 
tmn.  Differ t .  Clem.  Phyf.  p.  336. 
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Vations  of  his  own.  The  fame  was  afterwards  render’d  eafter,  and  more 
agreeable,  and  thus  published  in  the  Journ.  des  Scavans,  an.  1716.  p.  60. 

And  as  the  former  ow’d  its  origin  to  the  curiofity  of  an  alchemift,  vainly 
feeking  for  the  philofopher’s  done  in  urine  ;  fo  we  are  obliged  for  the  latter 
to  a  perfon  of  the  fame  fed,  with  equal  wifdom  feeking  the  philofopher’s 
done  in  human  ordure.  The  manner  of  making  it  is  this.  Take  fome  thz v  mad*. 
foft  part  of  an  animal,  cut  extremely  fmall,  or  even  fome  juice  or  excrement 
thereof,  put  it  in  an  iron  pan  over  a  moderate  fire,  and  keep  it  ftirring  with 
an  iron  fpatula,  till  it  be  fcorch’d  ,and  converted  into  a  black  powder.  Or  * 
take  fome  fine  vegetable  matter,  for  inftance,  the  meal  or  flo’wer  of  any  ve¬ 
getable,  burnt  to  blacknefs  as  before  j  to  one  part  of  which  add  four  times  the 
quantity  of  crude  alum  j  make  the  whole  into  a  fine  powder,  which  being 
put  in  an  iron  pan  over  the  fire,  fhould  be  kept  conftantly  ftirring  with  a 
fpatula,  till  almoft  ignited,  to  prevent  its  cohering  in  lumps,  as  it  is  apt 
to  do  upon  the  melting  of  the  alum,  when  it  muft  be  broke  again,  ftirr’d 
about,  and  accurately  mixed  with  the  flower,  till  at  length  it  emit  no  more 
fumes,  and  the  whole  appears  a  fine,  dry,  black,  fixed  powder.  Put  this 
in  a  clean  dry  glafs  phial  with  a  narrow  neck,  filling  it  fo  high  as  to  leave  a 
third  part  at  the  top  of  the  phial  empty  ;  then  flop  the  mouth  thereof  with  a 
loofe  paper,  fo  as  to  let  the  air  pafs  freely  through  it,  and  leave  room 
for  the  fumes  to  come  thro’  the  neck  \  then  place  the  phial  in  a  crucible 
encompafled  on  all  fides  with  fand,  fo  as  it  may  not  touch  any  part,  ei¬ 
ther  of  the  bottom  or  fides  of  the  crucible,  but  a  confiderable  fpace  be 
every  where  left  between  the  two :  and  the  phial  muft  be  covered  up  with 
fand,  fo  as  only  to  leave  a  part  of  it  bare,  through  which  to  look  into 
the  infide,  and  obferve  whether  or  no  the  matter  in  it  be  ignited.  In 
this  ftate  the  crucible,  with  the  fand  and  phial,  is  furrounded  with  coals 
kindled  flowly,  till  at  length  it  be  well  heated  on  all  fides ;  when  the  fire 
is  to  be  raifed,  till  the  crucible,  fand,  glafs,  and  matter  in  it  be  all  red-hot, 
in  which  ftate  they  are  to  be  kept  for  the  fpace  of  an  hour ;  after  this, 
the  fire  being  ftill  kept  up,  the  orifice  of  the  phial  is  to  be  well  clofed 
with  wax,  to  prevent  any  air  from  entering :  Thus  the  whole  being  left 
to  cool  of  its  own  accord,  we  at  laft  find  in  the  phial  a  black  dufty  coal, 
formed  of  the  flower  and  alum.  A  fmall  quantity  being  fhaken  out  of  the 
phial  into  the  cold  air,  immediately  catches  fire  and  burns  ;  but  fo  foon 
as  it  has  once  felt  the  air,  lofes  all  its  power  of  kindling  thereby.  This 
manner  of  producing  fire  appears  the  moft  extraordinary  of  all  that  have 
hitherto  been  difcovered  ;  fince  the  matter  thus  prepared,  will  preferve  its 
virtue  three  months,  provided  the  air  be  carefully  kept  from  it.  *Tis  cer-  Andufed, . 
tain,  in  this  experiment  the  fire  produces  a  true  animal  or  vegetablec  oal, 
of  a  moft  fubtile  nature,  and  confequently  fitted:  to  catch,  cherifh,  and 
keep  alive  the  fmalleft  fpark  of  fire,  as  we  have  fhewn  in  the  preceding 
hiftory  of  coal  j  and  this  coal,  in  the  experiment  before  us,  is  made  drier 
than  can  be  done  by  any  other  means,  as  appears  by  the  whole  procefs: 
for  if  the  fmalleft  quantity  of  moifture,  even  of  that  little  which  is  lodg’d 
in  the  air,  come  to  touch  this  powder,  the  experiment  will  not  fucceed  : 

It  may  be  added,  that  all  the  air  is  likewife  expell’d  out  of  it  by  the  ve- 
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hemence  of  fire  *  for  the  phial  muft  be  carefully  flopped  at  the  time  when 
the  fire  is  at  the  higheft  degree  that  the  glafs  can  bear  without  melting,  and 
confequently  has  expelled  all  the  air  out  of  its  cavity,  and  out  of  the  matter 
contained  in  it :  for  if  the  air  be  fufFered  by  any  means  to  infinuate  itfelf 
again  into  the  phial,  the  experiment  will  fail.  At  the  fame  time,  during  fo 
long  a  calcination,  the  alum,  which  feems  only  a  lapis  calcarius ,  corroded 
by  oil  of  vitriol,  and  converted  into  the  form  of  fait,  becomes  intirely  de* 
prived  of  its  air,  water,  and  volatile  fpirit,  leaving  only  a  ftrong  oil  of  vitriol, 
deftitute  of  water,  and  fixed  in  the  dry  remaining  earth  :  but  fuch  bodies 
being  unable  to  bear  drynefs,  on  the  firft  admiflion  of  the  air  grow  hot,  by 
reafon  of  the  air  rufhing  into  the  empty  fpaces  with  a  force  which  we  have 
already  calculated,  produce  a  vehement  attrition  between  the  parts  thereof, 
and  thus  excite  fire  *,  which  being  received  in  the  fine  coal  above-men¬ 
tioned,  is  eafily  preferved  and  kept  alive.  Whether  this,  or  whatever  elfe 
be  the  caufe  of  fo  extraordinary  a  phenomenon,  it  appears  that  a  cold  body 
may,  by  the  mere  contaCl  of  the  cold  common  air,  without  any  afliftance  of 
fire,  be  fo  kindled  as  to  confume  wholly  to  afhes,  and  this  with  as  much 
certainty  as  could  have  been  done  by  means  of  any  known  fire:  and  per¬ 
haps  the  experiment  laft  recited,  is  the  only  means  whereby  this  may  be  ef¬ 
fected  as  often  as  we  pleafe.  Who  then  will  undertake  to  aflign  the  limits 
of  the  power  of  fire  ?  What  perfon  would  have  thought  thus  much  poflible 
twenty-five  years  ago  ?  And  who  {hall  foretel  what  may  be  difcovered  in  future 
ages?  What  would  be  the  confequence,  if  the  glafs  phial  wherein  this  cold  pow¬ 
der  is  contained,  ftiould  break,  and  the  powder  fall  among  gun-powder  ? 

Of  Fire  produced  from  cold  foffils ,  by  means  of  Water : 

'  (  * 

i.  T  F  frefh  filings  of  iron,  free  from  raft,  be  ftrongly  ground  with  an- 
J[  equal  quantity  of  pure  fulphur  for  a  long  time,  till  the  whole  be» 
formed  into  a  fine  powder  ;  the  mixture,  if  kept  in  a  dry  air,  will  continue 
cold  for  the  longeft  fpace,  if  all  moifture  be  kept  from  it  :  but  if  this  pow¬ 
der  be  only  wrought  up  with  as  much  fair  water  as  will  form  it  into  a  ftiff 
pafte,  the  mafs  will  foon  grow  warm,  fwell,.  heat,  emit  a  thick  fmoke,. 
and  at  length  a  fulphurous  fire  and  flame  •,  and  after  the  operation  is  over, 
there  remains  a  fine  blackifti  calx,  which  by  the  affufion  of  water  pro¬ 
duces  a  kind  of  vitriol  of  iron,  much  like  the  common  vitriolum  Martis , 
made  with  oil  of  vitriol.  If  a  large  quantity  of  each  of  thefe  ingredients 
be  taken,  e.  gr.  twenty  five  pounds  of  iron,  and  as  much  fulphur,  and  the 
mafs  thence  formed,  as  before,  be  buried  a  foot  deep  under  ground*,  in  about 
eight  hours  time  the  ground  will  begin  to  heave  and  fwell,  emit  hot  fulphu¬ 
rous  fleams,  and  at  length  burft  out  into  live  flames  ;  thus  forming  a  true 
vulcano  (a).  For,  fulphur  being  an  inflammable  oil  united  with  the  acid  oil 
of  vitriol,  and  iron  a  metal  always  foluble  in  the  acid  of  vitriol,  and  produ¬ 
cing  an  intenfe  heat  therein  *,  it  appears,  that  when  thefe  two  are  ground 

fine* 

(a)  See  FUJI.  Acad.  Roy.  an.  1700.  p.  52.  Sc  Mem .  p.  1 01, 
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fine,  and  thus  come  into  a  number  of  clofe  multiplied  conta&s,  and  bound 
Hill  clofer  together  by  means  of  water,  the  acid  of  the  fulphur  begins  to  cor* 
rode  and  a<5t  on  the  iron,  and  thus  excites  the  ufual  heat ;  which  increafing 
every  moment,  the  difiblution  itfelf  becomes  continually  increafed  ;  and  by 
the  diflolution  the  heat  is  raifed  {till  further,  till  at  length  there  arifes  a 
flame,  partly  from  the  oily  part  of  the  fulphur,  being  now  freed  from  the 
acid,  which  is  abforbed  by  the  iron,  and  partly  from  the  vapour  of  the  iron 
diflolved  by  the  acid  oil  of  fulphur,  which  is  exceedingly  inflammable,  as 
Dr.  Hoffman  has  fhewn  by  an  elegant  experiment  (b).  For  mixing  three 
ounces  of  oil  of  vitriol  with  twelve  ouncesof  water,  in  aglafs  phial,  whole  neck 
was  cut  off,  and  keeping  the  whole  in  a  moderate  degree  of  warmth,  and 
calling  into  it  at  different  times  an  ounce  or  half  an  ounce  of  iron-filings,  he 
found  a  white  vapour  arofe  cut  of  the  neck  of  the  phial,  which  emitted  a  ful- 
phurous  garlick  fmell,  and  upon  the  application  of  a  candle  took  fire  like  a  flafh 
of  lightning  i  and  catching  within  the  phial,  and  being  there  violently  re¬ 
pelled,  produced  very  furprifing  effedls  :  whence  it  appears,  that  the  matter 
which  forms  thefe  fumes,  is  much  like  that  which  the  fire  raifes  from  alcohol. 

Hence  was  difcovered  a  new  way  of  exciting  fire  from  a  cold  uninflammable 
fubftance  by  means  of  water  ;  and  no  doubt  there  are  infinite  other  hidden 
ways  in  nature,  by  which  the  fame  effietd  might  be  produced,  and  which, 
may  probably  be  difcovered  hereafter.  Moiffc  hay  thrown  into  heaps,  does, 
the  fame. 


Of  the  produSliofi  of  Fire  by  the  mixture  of  cold ' 

Liquors . 

L.  |  A  A  KIN  G  half  a  pound  of  pure  dry  nitre  reduced  to  -  powder,  Jire  and  fame 
I  putting  it  in  a  pure  dry  retort,  and  mixing  with  it  an  equal  quan-  trofucf  h  ' 
tity  of  pure  oil  of  vitriol  well  rectified.,  and  diddling  the  mixture  in  a  mode-  ^fFtt-e  and 
rate  fand-heat,  it  will  yield  a  liquor  in  form  of  a  yellowifh  fume,  which  ejjential oils. 
being  caught  in  a  clean  dry  receiver,  is  the  fpiritus  nitri  Glauberianus .  If 
now  to  a  drachm  of  diflill’d  oil  of  cloves,  fafiaphras,  turpentine,  or  caraways, 
contain’d  in. a  glafs  veflel,  be  added  an  equal  quantity,. or  half  as  much  more  of 
the  fpiritus  nitri  above-mentioned,  a  violent  flame  will  arife,  however  cold 
the  bodies  were  before  the  mixtion  :  an  experiment  doubtlefs  of  infinite  ufe 
in  chemiflry,  where  from  two  cold  liquors,  in  an  inflant  of  time,  fo  rapid  a 
flame  is  produced  as  confumes  both  the  liquors,  leaving  only  a  little  refinous 
matter,  indead  of  allies,  at  the  bottom.  Hence  again  we  obferve,  that 
an  acid  matter  mixed  with  oily  ones,  abounding  with  the  fpiritus  re£?or}< 
conditute  a  fubdance  much  like  fulphur,  fince  it  readily  kindles (c). 

2.  From  a  careful  confideration  of  what  has  been  above  laid  down,  we.  Elementary 
may  perhaps  be  enabled  to  afiert  divers  things  concerning  the  nature  of fire  carport 
fire.  Firfi  then  it  appears,  that  true  elementary  fire  is  corporeal  •,  fince 

under 

(b)  Dljf.  P hyf.  cap.  1  6q.  Obf.  Phyf.  Cbem.  38  to  2 2,  123  to  127.  Stare 

(f)  See  Bor  rich,  A3.  Hafn.  167.  Hopnan .  Philo/.'Tranf.  N°.  150.  p.  291.  - 
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under  the  name  corporeal  is  included  any  thing  geometrically  meafu- 
'  *  rable  by  three  lines,  drawn  perpendicularly  to  each  other  from  the  fame 

Becaufe  ex-  centre  *,  or,  as  we  more  ufually  exprefs  it,  an  extended  furface.  Accor- 

.ttndetk,  dingly,  all  that  has  hitherto  occurred  to  us,  under  the  denomination  of 
fire  in  this  difcourfe,  was  always  extended.  For  fuppofe  a  folid  filver  globe 
fufpended  by  a  thread,  and  almoft  ignited,  let  it  fall  gently  into  cold 
water,  without  making  any  confiderable  (hake  or  agitation  therein,  the  fire 
will  diftribute  itfelf  through  the  meafurable  fpaces  of  fuch  water,  heating 
thofe  moft  which  are  neareft  the  globe,  and  all  the  reft  in  proportion,  and 
thus  truly  extends  itfelf :  And  if  thermometers  be  placed  in  the  fame  water 
at  different  diftances  from  the  globe,  they  will  indicate  different  degrees 
of  fire  diffufed  through  the  body  and  fpace  of  the  water  ;  which  fhews, 

that  there  is  a  true  mixture  between  fire  and  body,  or  fpace  ;  and  confe- 

quently  a  true  extenfion.  In  effetft,  the  whole  hiftory  of  fire  evidently 

proves,  that  fire  is  extended  as  truly  as  body  or  fpace  itfelf. 

And  moveable  3.  Another  general  property  infeparable  from  bodies,  is,  that  they 

1  or  quiefcent.  may  exift  fucceffively  in  the  place  which  is  next  contiguous  to  that  they 
.already  poffefs,  and  thus  may  truly  be  moved,  whether  they  remain  in 
the  fame  fpace,  and  only  revolve  round  an  axis,  fo  that  all  the  parts 
continue  in  the  fame  place,  though  none  of  them  fingly  remain  in  the 
fame  place  which  it  had  before*,  or  whether  the  whole  mafs,  confifting  of 
all  the  parts  united  together,  quit  its  former  fpace,  and  remove  into  that  ad¬ 
joining,  and  thus  continue  to  do  for  fome  time :  or  laftly,  whether  both 
.thefe  happen  together.  Now  that  fire  is  moved  after  this  manner,  abun¬ 
dantly  appears  from  all  experiments  *,  there  being  none  wherein  fire  is  not 
found  to  have  a  true  phyfical  motion  :  and  as  mobility  is  fo  ftrongly  con- 
■nedted  with  a  power  of  refting  in  bodies,  it  cannot  well  be  denied,  but  that 
a  body  which  exifts  one  moment  in  any  given  fpace,  might  continue  in  the 
fame  for  two  moments,  which  makes  what  we  call  reft :  and  as  all  the  adtions 
of  fire,  which  are  performed  by  motion,  may  ftill  be  increafed  or  diminifhed, 
it  appears  in  no  wife  abfurd  to  hold,  that  fire  may  alfo  reft  in  a  certain  place, 
as  well  as  all  other  bodies. 

iReJiJls  bodies.  4.  A  third  property  peculiar  to  body  is,  that  a  folid  body,  confidered  as 
fuch,  when  fubfifting  in  a  certain  place,  refills  with  an  infinite  force  any 
other  body  from  exifting  in  the  fame  fpace  at  the  fame  time  with  it.  This 
fome  call  refiftance  or  impenetrability  :  Democritus ,  by  a  very  fignificant 
term,  calls  it  wwth r/av,  or  repercuffion,  which  expreffes  the  former ;  for  we 
fuppofe  nothing  more  is  meant  by  the  word  impenetrability,  than  that  a 
body,  tending  into  a  fpace  already  poffeffed  by  another,  is  repelled  from  it  5 
which  repercuffion,  if  it  be  found  in  any  body,  certainly  is  in  fire,  which 
moves,  changes,  and  fafhions  even  the  moft  folid  matters,  fo  that  none  has 
hitherto,  been  found  which  is  not  changeable,  even  in  its  folid  nature,  by 
fire ;  and  likewife  moveable  by  it,  fo  as  to  be  carried  into  other  places,  by 
the  impetus  which  it  hence  acquires.  If  we  further  confider,  that  pure 
elementary  fire,  when  adting  upon  given  bodies,  is  repelled  and  refledled 
by  the  fame  with  a  vehement  force,  capable  of  moving  all  other  things,  we 
Ihall  be  fufficiently  convinced  of  the  true  umvnrutv  of  fire,  and  confe- 

quentJy 
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quently  of  its  corporeal  nature.  For  if  the  rays  of  fire  determined  by 
the  fun,  fall  on  the  cold,  and  therefore  elaftic  or  repercuflive  fpeculum  of 
M.  Villette ,  they  will  be  refledted  in  a  quantity,  which  may  almoft  be  com¬ 
puted  proportionably  to  the  aperture  of  the  fpeculum,  into  a  focus  ;  where 
they  will  exert  their  corporeal  adlion  in  a  violent  degree :  which  fufficiently 
fihews,  that  fire  moves  with  a  power  of  refitting.  But  the  argument  will  be 
ftill  more  confirmed,  if  we  confider,  that  if  the  fpeculum  were  firft  heated, 
and  fo  dilated,  made  laxer,  and  lefs  elaftic,  and  confequently  lefs  vibra- 
tive  and  repercuflive  ;  the  fame  rays  of  fire,  in  their  reflexion  from  the  fpe¬ 
culum,  will  come  exactly  with  fo  much  lefs  force  into  the  focus,  as  the 
fpeculum  is  now  lefs  hard  than  before:  from  whence  it  evidently  appears, - 
that  fire  is  truly  corporeal  and  refiftable,  fince  it  is  repelled  from  a  body  it 
ftrikes  againft.  It  may  be  added  on  this  head,  that  if  the  rays  of  fire  be 
colledted  clofely  together,  and  thus  render’d  extremely  powerful,  fo  as  to 
be  able  to  melt  the  metalline  part  of  the  fpeculum,  no  reflexion  will  arife  *, 
but  the  fire,-  by  the  fuperiority  of  its  force  to  the  fpeculum,  will  deftroy  the 
fame  :  a  clear  proof  that  this  reception  is  performed  by  a  mere  repercuflion 
of  one  body  againft  another.  Nor  muft  it  be  omitted,  that  this  pure  ele¬ 
mentary  fire,  if  diredted  by  the  fun,  through  the  burning-glafs  of  M.  Tfchirn - 
halts, -i o  as  to  fall  on  the  iron  needle  of  a  mariner’s  compafs,  in  the  very  point 
of  the  focus  or  contadl,  it  will  drive  the  needle  round  on  its  pivot  by  a  true 
corporeal  percuflion  :  from  whence  it  appears,  that  the  fire  was  not  pene¬ 
trable,,  but  truly  refiftable.  Elementary  fire,  therefore,  muft  be  truly  cor¬ 
poreal,- and  confequently  every  particle  of  it  muft  confift  of  other  letter  ' 
parts  united  together,  but  fo  ftrongly  united,  as  that  we  have  no  reafon  to 
think  there  is  any  power  in  nature  capable  of  dividing  them.  And  hence 
again  it  appears  probable,  that  the  figures  of  thofe  particles  are  not  change-  - 
able  by  any  natural  power ;  fo  that  the  element  of  fire  appears  immutable- 
in  itfelf,  and  the  great  inftrument  or  means  of  changing  all  other  things. 

5.  But  whether  fire  have  alfo  that  further  property,  which  fome  of  the  { 

greateft  men  of  the  prefent  age  hold  infeparable  from  all  bodies,  viz.  weight  free'tomove- 
or  gravity,  in  proportion  to  its  folidity,  does  not  fo  certainly  appear  from  every  way. 
the  confederation  of  the  whole  hiftory  of  fire.  I  am  rather  induced  to  be¬ 
lieve,  that  it  has  no  more  tendency  to  the  centre  of  the  earth  than  to  any  other 

point ;  that  it  has  no  natural  or  fpontaneous  determination  at  all  that  it 
may  be  determined  any  way  -,  that  it  is  prefent  every  where,  unlefs  hinder’d 
by  fome  foreign  caufe,  through  the  whole  univerfe  ;  that  of  itfelf  it  is  every 
where  in  the  fame  quantity,  and  adds  with  the  fame  force:  alljwhich  particulars,  ■> 
unlefs  I  am  much  deceived,  have  been  proved  by  the  preceding  experiments. 

6.  The  particles  of  fire,  which  have  already  been  ftiewn  to  be  corpo-  c°nMs  of' tie 

real,  appear  further  to  be  the  fmalleft  of  all  the  bodies  yet  known  :  for  l,ar‘ 

they  be  corporeal,  they  muft  neceflarify  be  exceedingly  fubtile,  ,as  they  rea¬ 
dily  penetrate  all,  even  the  denfeft  bodies,  and  pervading  the  thickeft  parts 

thereof,  fhew  themfelves  prefent  in  every  aflignable  part  thereof.  Thus,  if 
a  large  globe  be  made  of  folid  gold,  and  laid  on  the  fire  for  a  due  time, 
it  may  be  fo  penetrated  thereby,  as  to  become  ignited  to  its  very  centre  ;  fo 
that  if  it  were  then  divided  into  two  hemifpheres,  we  fhould  find  on  every 
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point  in  the  in  fide  both  light  and  heat,  and  the  other  properties  and  powers 
of  fire.  So  fmall  then  are  the  particles  of  this  body,  that  there  is  no  known 
body  fo  compact  and  void  of  pores,  To  entirely  filled  to  its  own  bulk, 
as  not  to  admit  and  tranfmit  fire.  All  other  bodies  hitherto  difcovered 
may  be  excluded  from  entring  the  vacuities  of  others.  Thus  air,  water, 
fpirits,  falts,  oils,  and  other  things  may  eafily  be  hinder’d  from  entring 
a  glafs  phial  hermetically  feal’d. ;  and  when  they  are  in,  may  as  eafily  be 
hinder’d  from  going  out  again  ;  only  fire  has  free  ingrefs  and  egrefs,  and 
hence  produces  its  peculiar  effeifts.  The  caufe  of  gravity  and  the  power  of 
magnetifm,  it  muft  be  own’d,  will  pafs  through  all  bodies,  yet  {till  prefer ve 
their  native  properties  and  effects  ;  but  we  are  not  certain  whether  they  do 
this  by  any  particles  ifluing  from  them,  or  in  any  other  manner  unknown  : 
and  it  may  be  added,  that  the  caufe  of  gravity,  and  magnetifm  pervade  bo¬ 
dies  inftantaneoufly,  without  any  diminution  of  their  powers  ;  while  fire 
requires  fome  fpace  of  time  before  it  can  penetrate  the  denfeft  bodies :  but 
hence  the  corporeity  appears  more  evidently  in  fire,  and  lefs  fo  in  them. 
Hence  we  have  obierved,  that  the  particles  of  fire  are  the  leaft  of  all  thofe 
commonly  allow’d  for  true  bodies  ;  fince  we  cannot  fay  whether  there  may 
not  have  been  created  fome  corpufcles,  which  are  lefs  than  thofe  of  fire  *, 
but  thus  much  we  may  affirm,  that  no  phyfical  effects  have  hitherto  occurr’d 
to  the  fenfes  of  mankind,  from  whence  they  might  be  forced  to  infer,  that 
there  are  bodies  fmaller  than  fire.  This  their  extreme  fubtilty  may  alfo  be 
conceived  hence,  that  gold  is  fo  folid,  that  when  a  grain  of  it  is  drawn 
over  -a  quantity  of  filver,  fo  as  the  thicknefs  of  the  ?kin  of  gold  is  only 
*' o 5  o o'o"  a  I2th  Part  an  inch,  yet  the  beft  microfcope  cannot  difcover 
the  leaft  pore  in  fo  thin  a  leaf  (d).  Nay,  if  thethinneft  leaf-gold  be  oppofed 
to  the  fun,  when  fhining  into  a  dark  room,  the  rays  of  light  will  not  be 
able  clearly  to  pervade  it,  but  only  ffiew  a  little  greenifhnefs  through  it  j 
and  yet  a  large  fphere  of  folid  gold  may  be  penetrated  thro’  its  matter, 
however  denfe,  and  its  bulk  however  large,  by  the  greateft,  as  wrell  as  by 
the  leaft  fire.  For  if  fo  large  a  globe  be  long  expofed  to  the  cold  air  in  the 
coldeft  feafon,  it  will  afiume  that  temperature,  or  receive  that  degree  of 
fire,  which  is  found  at  that  time  in  the  air  •,  and  if  it  be  then  committed 
to  a  ftrong  fire  till  it  become  glowing  hot,  and  ready  to  melt,  it  has  then 
doubtlefs  a  vehement  degree  of  fire  in  all  its  parts;  yet  all  this  fire  will  va- 
niffi  again  out  of  the  globe,  which  in  a  fliort  time  returns  to  the  tempera¬ 
ture  of  the  common  air.  Hence  again  it  follows,  that  the  fmall  quantity 
of  fire  found  in  the  thin,  fluid  air,  may  equally  infinuate  itfelf  into  all 
the  pores  of  gold,  as  the  largeft  and  fierceft  fire.  But  if  the  pores  were  .fo 
very  fmall  in  fo  thin  a  leaf  of  gold,  what  muft  we  think  of  thofe  when 
fo  large  a  mafs  of  folid  gold  is  penetrated  through  its  whole  fubftance  by 
fire.  To  grow  warm  and  cool  again,  is  doubtlefs  to  receive  fire  in  a  greater 
or  a  lefs  quantity.  Thus  much  might  fuffice  to  ffiew  the  great  fubtilty  of 
fire,  which  yet  would  appear  to  be  a  thoufand  times  more  fubtile,  if  it  be 
true  that  the  matter  of  light  and  colours  is  the  fame  with  that  of  fire ;  for 
if  a  chamber  be  made  perfectly  dark,  with  only  a  little  aperture  in  one 
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Angle  part,  and  a  good  eye,  which  has  been  for  fome  time  in  the  dark,  be 
applied  on  the  dark  fide  of  the  room  to  the  aperture,  it  will  fee  very  di- 
ftinbtly  all  the  external  objects,  by  fo  many  definite  diftintft  rays  of  fire,  re¬ 
flected  from  the  feveral  vifible  points  of  fo  many  different  objects,  and  pro¬ 
pagated  thence  without  confufion  through  the  little  aperture.  If  we  now 
confider  what  a  multitude  of  vifible  points  are  here  feen  in  the  whole  hemi- 
fpere,  each  of  which  however  can  only  be  feen  by  its  own  rays,  it  will  give 
us  an  idea  of  fubtility  fcarce  to  be  conceived.  But  if  a  white  paper  be 
applied,  at  a  proper  diftance,  in  the  fame  chamber,  and  the  rays  be  tranf- 
mitted  by  a  convex  glafs  upon  it,  all  the  external  objects  will  be  painted 
pretty  large,  and  perfectly  diftinCl  thereon  ;  confequently  all  thofe  rays,  and, 
from  the  fuppofition  above,  all  that  immenfe  quantity  of  fire  reflected  by  fuch 
a  multitude  of  objects,  could  be  contracted  within  the  narrow  fpace  of  that 
aperture  :  this  fhews,  that  the  particles  of  fire,  with  refpeCt  to  our  imagina¬ 
tion,  are  of  an  infinite  degree  of  fubtility. 

7.  The  fmall  particles  which  conftitute  the  ultimate  elements  of  fire,  ThctnoJlfoliJ, 
appear  to  be  the  moft  folid  of  all  bodies  :  where,  by  the  word  folidity,  we 
mean  an  extended  thing  which  refills  infinitely  ;  and  by  fpace,  an  extended 
thing,  which  admits  and  tranfmits  folid  matters  *,  fo  that  an  abfolute  folid 
would  be  an  extended  thing,  in  which  there  is  no  penetrable  fpace,  but 
which  is  every  where  equably  impenetrable  in  all  its  points  :  and  if  any  ex¬ 
tended  fubftance  be  conftituted  partly  of  particles  thus  folid,  but  fo  con¬ 
nected  together  as  to  leave  empty  fpaces  between  them  ;  it  will  follow  that 
fuch  body  is  partly  compofed  of  body,  and  partly  of  empty  fpace.  Hence 
alfo  it  will  appear,  that  the  ultimate  elements,  or  particles  of  all  bodies, 
mull  be  perfectly  folid  •,  but  that  when  thefe  elements  are  compounded  into 
a  mafs,  there  arife  vacuities  between  the  particles  thus  joined  together,  by 
their  not  every  where  touching  each  other :  whence  a  mafs  thus  compofed 
will  always  be  full  of  pores,  and  confequently  lefs  folid  than  thofe  ultimate 
elements,  feparately  taken,  of  which  it  was  compofed  ;  and  on  this  account 
fuch  particles  will  be  more  eafy  to  be  feparated  from  each  other,  that  is, 
to  be  divided.  Again,  in  thofe  laft  and  leaft  particles  there  fhould  feem  to 
be  no  pores  ;  and  confequently  that  they  are  not  divisible  by  any  other  bo¬ 
dies,  but  muft  always  remain  the  fame.  It  being  fhewn  therefore,  that  fire 
confifts  of  the  minuteft  particles  ;  it  follows,  that  thefe  can  have  none,  or 
at  leaft  the  fewefl  pores,  but  all  their  molecules  muft  be  extremely  folid. 

And  as  impenetrable  fubftance  is  corporeal  fubftance  itfelf,  ’tis  probable  that 
all  truly  corporeal  fubftance,  confidered  as  fuch,  coheres  with  an  infinite 
force,  not  to  be  feparated  by  any  power  *,  but  a  mafs  compofed  of  fuch 
matter,  with  vacuities  interfperfed  among  it,  will  be  fo  far  only  divifible 
as  it  includes  empty  pores.  Fire,  therefore,  according  to  this  doctrine, 
muft  be  all  corporeal,  immutable,  incapable  of  any  alteration  of  figure,  and 
unable  either  to  join  and  grow  to  itfelf,  or  to  other  bodies  ;  and  in  the  mean 
while  muft  have  the  greateft  power  of  dividing  all  other  things,  as  it  can 
always  enter  the  pores  of  bodies  to  be  divided,  and  exert  its  power  therein,  fo 
as  to  break  and  diflolve  their  parts  and  branches,  and  thus  reduce  their  compo- 
fttion  to  its  Ample  elements  j  or  fo  difpofe  the  elementary  particles,  as  that 
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it  may  pafs  equably  thro’  all  the  pores  in  any  direction  j  as  we  find  in  gold 
melted  by  the  fire,  which  afterwards  becomes  incapable  of  being  any  further 
changed  thereby.  But  if  this  fubtile  and  folid  fire  be  applied  to  the  abso¬ 
lutely  folid  particles  of  other  bodies,  it  does  not  appear  that  it  can  make 
any  change  therein  ;  but  only  move  their  whole  mats  with  fome  mechanical 
impulfe  or  attraction,  beyond  which  it  can  do  nothing  j  which  is  confirm’d 
by  all  experiments.  On  account  therefore  of  this  property,  fire  may  be  laid 
down  as  the  great  changer  of  all  things  in  the  univerfe,  whilft  itfelf  remains 
wholly  unchangeable. 

8.  Thefe  corporeal,  folid,  fubtile  particles  appear  perfectly  Smooth, 
even,  and  polifhed  on  their  Surfaces  •,  we  mean  they  have  no  eminencies  or 
finkings  in  any  point  of  their  whole  circumference  :  for  if  any  of  their  ex¬ 
tremities  were  rough  or  uneven,  Such  places  being  more  expofed  to  the 
fhock  and  attrition  of  other  bodies  than  the  reft  of  the  mafs,  it  would  follow, 
that  in  all  actions  of  the  fire,  either  on  its  own  particles,  or  on  other  bo¬ 
dies,  the  greateft  impetus  would  always  be  given  to  thofe  particles  which 
cohere  leaft  to  the  whole  ;  by  which  means  thofe  particles  muft  be  conti¬ 
nually  breaking  off  from  the  reft  of  the  mafs  :  fo  that  there  would  be  a  con¬ 
tinual  change  of  the  particles  of  fire,  and  confequently  of  the  fire  itfelf ; 
which  is  contrary  to  what  has  been  already  proved.  The  utmoft  Solidity  of 
fire,  therefore,  Seems  to  tend  to  Such  a  figure,  as  that  all  the  parts  become 
equally  diftant  from  a  central  point  within  the  fame  ;  fince  by  this  means 
they  acquire  a  figure  which  is  leaft  liable  to  be  changed,  and  makes  the 
greateft  refiftance  to  being  tranfpofed.  If,  again,  we  confider  that  extreme 
penetrability,  whereby  fire  pafles  in  any  direction  through  all  the  pores  of 
any  body,  it  will  Seem  neceflary,  that  the  Surface  of  its  particles  have  the 
greateft  facility  for  pafling  without  impediment ;  which  they  could  not 
well  do,  if  befet  with  hooks  or  points,  or  any  thing  downy  and  woolly.  And 
fince  the  rays  of  fire  are  tranfmitted  fo  readily,  fo  copioufly,  diftinCtly,  and 
freely  thro’  a  Small  aperture  in  a  dark  chamber  ;  it  Sufficiently  appears,  how 
very  Smooth  and  equable  their  Surfaces  muft  be  in  all  the  points  of  contaCt, 
to  prevent  their  hanging  to  one  another.  Add,  that  the  quick  reflection 
and  refraftion,  which  is  always  found  in  the  particles  of  light,  and  which 
anfwers  fo  exaClly  to  the  effeCt  of  a  Spherical  figure,  is  a  further  indication, 
that  the  particles  of  pure  fire  are  of  that  figure.  From  the  whole  we  may 
venture  to  colleCt,  that  the  ultimate  particles  of  pure  fire  are  polifhed 
Spherules. 

9.  From  the  whole  hiftory  of  fire  we  may  infer  its  abfolute  fimpli- 
city  *,  by  which  we  mean  that  condition  of  a  body,  whereby  each  particle  of 
it  retains  the  fame  nature  which  is  obferved  in  the  whole  •,  fo  that  the  Sim¬ 
plicity  of  fire  denotes  Such  a  difpofition,  as  that  each  of  its  Angle  particles. 
Should  confift  altogether  of  body  without  any  pores  •,  otherwife  all  the  com¬ 
ponent  particles  would  Scarce  be  alike  ;  and  further,  that  they  probably 
are  folid  Spherules,  the  whole  congeries  of  which  may  thus  be  the  fame. 
It  may  be  added,  that  the  Simplicity  of  fire  appears  chiefly  dependant  on 
this,  t  hat  there  being  no  corpufcles  in  nature  Smaller  than  of  fire,  it  cannot  in 
any  wife  be  compounded  of  other  lefler  heterogeneous  parts.  In  effeCt,  the 
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Otmoft  filial  lnefs  muft  be  acknowledged  for  fimplicity;  their  abfoldte  foil- 
dity  fuppofes  as  much,  and  their  fpherical  figure  abundantly  denotes  it 
fo  that  fire  may  be  put  down  as  the  raoft  fimple  of  all  bodies  exifting. 
Yet  it  muft  be  own’d  the  doCtrine  of  the  great  Sir  Ifaac  Newton  over¬ 
throws  the  abfolute  fimplicity  of  fire-,  a  philosopher  whofe  fubtile  and  pe¬ 
netrating  genius  feems  to  have  furpaffed  the  limits  preferibed  to  human 
underhand ing  ;  and  who  by  a  moft  artful  anatomy,  from  a  fingle  ray  of 
light  procures  feven  feveral  ones,  very  different  not  only  in  their  primitive 
colours,  but  in  their  reflection  and  refraCtion :  and  yet  how  fine  and  fim¬ 
ple  muft  that  fingle  ray  have  been  ?  If  then,  after  the  nature  of  fire  and 
light  had  been  with  fo  much  labour  examined,  for  fo  many  ages,  in  fo 
many  countries*  and  after  fo  many  different  manners,  a  fingle  perlon  could 
arife  in  our  age,  and  make  fuch  difeoveries,  who  fliall  aflign  any  limits 
to  the  difeoveries  of  future  ages  in  natural  things  ?  Who  knows  what  ad¬ 
ditions  may  hereafter  belmade  to  the  difeoveries  of  Newton  ?  ’Tis  but  half 
an  age  fince  all  philofophers  confider’d  a  fingle  ray  of  light,  as  fo  exceed¬ 
ingly  flender,  that  in  refpeCt  of  thicknefs,  they  unanimoufly  pronounced  it 
indivifible  yet  this  prince  of  geometricians  has,  by  invincible  experiments  and 
arguments,  fihewn,  that  fuch  a  fingle  ray  is  a  fafciculus  made  of  feven  very 
different  rays,  which  may  be  join’d  to  each  other  lengthwife,  and  again 
be  parted  from  each  other,  fo  as  to  form  feven  fine  threads  of  different  co¬ 
lours,  which  before  made  but  one  apparent  thread  ;  and  who  knows  but  when 
dioptrical  glaffes  come  to  be  further  improved,  and  other  means  and  inftru- 
ments  brought  to  a  greater  degree  of  perfection,  fomething  like  compofition 
may  be  found  even  in  thefe  fimpleft  rays  difeovered  by  Newton  ?  We  are 
ftruck  with  admiration,  when,  from  thefe  inftances,  we  fee  what  powers 
the  Creator  has  given  to  the  human  mind  whereby,  when  duly  cultivated, 
we  can  difeover  the  laws  he  eftablifhed  in  framing  the  world.  Certainly  we 
owe  the  greateft  veneration  and  thankfgiving  to  that  Being,  which  impref* 
fing  his  own  image  on  our  minds,  gave  us  a  difpofition  to  underftand,  ftudy, 
and  love  the  truth.  Yet  is  not  this  ail  the  diverfity  found  in  a  fimple  par¬ 
ticle  of  fire  ;  the  fame  Newton  having,  in  the  different  fides  of  one  of  thefe 
fimpleft  rays,  difeover’d  a  further  diverfity. 

io.  By  the  refraCtion  of  IJland  cryftal,  it  appears,  that  there  is  a  dif¬ 
ferent  power  found  on  one  fide  of  a  ray  from  that  found  on  the  other :  and 
as  in  one  magnet  with  refpeCt  to  another,  the  fame  pole  is  either  attracting 
or  repelling  *,  fo  in  the  fame  ray  we  find  a  like  power,  with  refpeCt  to  the 
tranfparent  medium  it  falls  on.  From  the  whole  it  appears,  that  fire,  how¬ 
ever  fimple,  contains  the  following  diverfities  already  difeovered.  (i)  With 
refpeCt  to  colour,  it  contains  feven  different  primitive  ones.  (2)  With 
refpeCt  to  reflecting  and  refraCting  bodies,  the  rays  aCt  differently  ac¬ 
cording  to  the  colours  they  are  of (<?).  And  (3)  that  this  diverfity  in  the 

fides 


(e)  Every  fort  of  ray,  as  it  is  mote  or  lefs 
indebted  by  refraction,  has  a  particular  co¬ 
lour.  The  rays,  e.  gr.  lealt  bent  by  refrac¬ 
tion,  are  red  ;  thofe  next,  orange ;  then  yel¬ 
low,  green,  blue,  purple,  and  violet ;  which 


laft  are  the  molt  refrangible.  And  fuch  co¬ 
lour  of  any  ray  is  abfolutely  unchangeable  by 
any  refractions,  reflections,  feparations,  mix¬ 
tions,  &c. 

The  reflection  of  the  rays.  Sir  If.  Newton 
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fides  of  the  rays  appears  in  a  more  extraordinary  manner  in  their  pafling  thro* 
IJIand  cryftal  (f)  ;  fuch  a  manifold  diverfity  is  conceal’d  in  the  fimpleft  of 
all  bodies!  What  then  may  we  fuppofe  in  the  more  compound  kinds  ?  The 
fmaller  every  where  hold  forth  an  image  or  refemblance  of  the  larger.  And 
were  it  not  for  the  difcovery  made  by  Sir  If.  Newton ,  we  ftiould  have  be¬ 
liev’d  that  the  particles  of  fire  are  the  minuted  poftible,  and  perfectly  fimple: 
but  now  though  we  allow  fire  the  fimpleft  of  all  known  bodies,  we  cannot 
deny  but  that  a  great  diverfity  obtains  in  it. 

Always movi-  11.  The  fixth  property  of  fire  is  its  mobility  *,  which  is  fo  great,  that  we 

able.  are  almoft  certain  it  never  abfolutely  refts  in  any  place :  nor  do  we  here  only 

fpeak  of  that  motion,  which  is  always  found  to  obtain  in  all  bodies  \  for  it  is  cer¬ 
tain. 


fhews,  does  not  arife  from  their  ftriking  on 
the  folid  impervious  particles  of  bodies :  fuch 
reflected  rays,  tho’  they  approach  infinitely 
near  the  body,  never  touch  it;  for  all  thofe 
which  do  touch,  are  loft  and  extinguifhed  in 
the  body.  The  power  by  which  the  particles 
are  reflected,  is  not  the  immediate  reftftance 
of  any  particles  ftruck  upon ;  but  a  power 
equably  difFufed  throughout  the  whole  lurface 
of  the  body,  whereby  it  a£ts  on  light,  either 
attracting  or  repelling  it  without  contaCt : 
which  power  is  the  fame  with  that  whereby, 
in  other  circum fiances,  the  rays  are  refraCted ; 
and  by  which  alfo  they  are  firft  emitted  from 
the  luminous  body. 

And  hence  it  is,  that  where  light  pafl'es 
without  refraCtion,  there  it  alfo  pafl'es  with¬ 
out  reflection ;  that  where  the  refraCtion  is 
ftrongeft,  there  the  reflection  is  fo  likewife ; 
that  light,  pafling  out  of  a  denfer  into  a  rarer 
medium,  is  more  copioufly  reflected,  than  in 
pafling  from  a  rarer  into  a  denfer  ;  and  the 
reflection  is  the  greater,  as  the  difference  of 
denfity  in  the  mediums  is  greater.  Add,  that 
every  ray  of  light,  in  its  paflage  through  any 
refrafting  furface,  is  obferved  to  be  put  into 
a  certain  tranfient  ftate,  which  returns  at  e- 
«qual  intervals,  ..whereby  it  is  difpofed  to  be 
now  eafily  refraCted,  and  then  eaflly  reflected. 
Thefe  alternate  fits  of  eafy  reflection,  and  eafy 
tranfiniflion.  Sir  1/aac  accounts  for,  from  the 
vibrations  of  a  fine,  fubtile,  aethereal,  elaftic 
medium  ;  vaftly  finer  and  more  elaftic  than 
air,  which  penetrates  through  all  bodies,  and 
is  difFufed  through  all  fpace.  The  rays  of 
light,  by  their  attractive  powers,  or  fome  o- 
jher  force,  excite  vibrations  in  this  medium  ; 
which  vibrations  being  fwifter  than  the  rays, 
overtake  them  fuccefiively,  and  agitate  them 
fo  as  by  turns  to  increafe  and  decreafe  their 
velocities,  and  thereby  put  them  into  thofe 
fits. 

(j f_)  IJldnd  cryftal  is  a  tranfparent,  fiflile. 
ftone,  of  the  nature  of  talc  :  a  piece  hereof 
being  laid  on  a  book,  every  letter  feen  thro’ 
it,  will  appear  double  ;  by  means  of  a  double 


refraClion  which  it  makes  of  the  vifual  rays  in 
pafling  through  it :  And  a  ray  of  light  falling 
on  its  furface,  in  any  direction,  becomes  di¬ 
vided  into  two  rays  from  the  fame  caufe. 
Now  one  of  thefe  refractions  is  performed  ac¬ 
cording  to  the  ufual  rule  of  optics  ;  i.  e.  the 
fine  of  incidence  out  of  air  into  the  cryftal,  is 
to  the  fine  of  refraCtion  as  five  to  three :  But  the 
other,  called  the  unufual  refraCtion,  obferves 
another  rule  ;  and  the  ray,  which  by  the  firft 
furface  of  the  cryftal  was  refraCted  after  the 
ufual  manner,  upon  pafling  the  fecond  furface, 
is  alfo  refraCted  :  fo  that  both  emerge  out  of 
the  fecond  furface  parallel  to  the  incident  beam  : 
And  the  fame  will  hold,  if  the  rays  pafs  thro* 
feveral  pieces  of  IJIand  cryftal  placed  parallel 
to  each  other ;  the  ray  refraCted  after  the 
unufual  manner  in  the  firft  furface  of  the  firft, 
being  found  to  perflft  in  the  fame  way,  in  all 
the  furfaces  of  the  reft. 

Hence  Sir  If.  Newton  gathers,  that  there  is 
an  original  difference  in  the  rays  of  light ;  by 
means  of  which,  fome  are  conftantly  difpofed 
to  be  refraCted  after  the  ufual,  and  fome  after 
the  unufual  manner  ;  for  if  the  difference  were 
not  original,  but  arofe  from  fome  new  modi¬ 
fication,  which  the  rays  underwent  at  their 
firft  refraCtion,  it  would  be  alter’d  by  new 
modifications  in  the  following  refractions.  And 
this  may  give  us  a  fufpicion  of  more  ori¬ 
ginal  properties  in  light,  than  have  yet  been 
difcovered. 

In  effeCt,  the  rays  cf  light  appeaf  to  have 
feveral  fides,  endued  with  feveral  original" 
properties  ;  for  the  two  rays,  thus  differently 
circumitanced,  are  not  of  different  natures,  fo 
as  that  one  in  all  pcfitions  of  the  cryftal  will 
be  refraCted  after  the  one,  and  the  other, 
after  the  other  manner  :  all  the  difference  be¬ 
tween  them  confifts  in  the  different  pofition  of 
the  fides  of  the  ray  to  the  planes  of  perpen¬ 
dicular  refraCtion  :  And  the  fame  ray,  in  this 
or  that  pofition  of  its  fides  to  the  cryftal,  will 
be  refraCted  either  in  the  ufual  or  the  unufual 
manner.  Newton  Optic. 
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tain,  there  is  no  body  in  all  nature,  that  ever  abfolutely  is  at  reft  for  one  mo¬ 
ment  ;  the  fun,  planets,  and  comets,  and  the  feveral  atmofpheres  which 
gravitate  along  with  them,  are  all  continually  revolving  with  rapid  motions ; 
and  we  know  of  no  bodies  beftdes  thefe :  nothing  therefore  is  ever  at  reft, 
but  all  things  are  in  a  conftant  vehement  motion.  Such  was  the  pleafure  of 
the  Creator  of  all  things.  But  beftdes  this,  there  is  another  perpetual  motion 
of  agility  peculiar  to  fire,  as  may  be  fhewn  from  undeniable  proofs.  Sup- 
pofe  water  left  to  cool  till  it  fall  to  33  degrees  ;  which  is  the  utmoft  pitch 
of  cold  that  water  admits  of,  ftnce  if  it  go  a  little  beyond  this,  it  can  no 
longer  remain  water,  but  is  converted  into  a  fort  of  glafs,  very  brittle  and 
tranfparent,  but  liable,  by  33  degrees'  of  heat,  of  being  again  melted  to 
water  *,  while  genuine  glafs  requires  upwards  of  600  degrees  of  heat  to 
reduce  it  to  the  fame  ftate  of  fluidity  :  it  follows,  therefore,  that  water  only 
becomes  water,  by  virtue  of  the  motion  of  the  fire  lodged  in  it ;  and  that 
water  is  not  water  of  its  own  nature,  confider’d  feparately  and  independant 
of  fire.  The  fame  holds  of  glafs  alfo,  of  foflils,  fulphurs,  femi-metals,  me¬ 
tals,  and  perhaps  all  other  bodies  *,  which  under  a  certain  lefler  degree  of 
fire  appear  in  form  of  hard  bodies,  as  we  have  juft  obferved  in  ice ;  but 
upon  increafing  the  degree  of  heat  to  a  certain  pitch,  which  will  be  different 
according  to  their  different  natures,  they  all  readily  melt,  and  are  converted 
into  a  kind  of  running  water.  Since  then  it  has  been  fhewn  by  M.  Fahren¬ 
heit's  experiments,  that  there  are  ff ill  32  degrees  of  heat  below  the  point  of 
freezing  j  it  follows,  that  in  all  thofe  different  degrees  the  fire  is  ftill  either 
in  a  greater  or  lefs  motion,  and  never  entirely  at  reft  •,  not  even  at  thofe 
times  when  all  animals  and  vegetables  perifh  with  cold.  But  it  has  been 
fhewn  by  the  fame  experiments,  that  fuch  degree  of  fire  may  {fill  be  leffen’d  by 
art  40  degrees  more,  which  proves,  that  in  the  greateft  natural  degree  of  cold 
poflible,  the  fire  has  ftill  40  degrees  of  motion  more  than  in  fuch  artificial 
cold  *,  and  in  the  whole  interval  between  the  two,  it  ftill  difiolves  fome  bo¬ 
dies,  which  by  a  lefs  degree  of  heat  cohere  again  into  folids  ;  as  appears  by 
all  the  experiments  there  recited.  Fire,  therefore,  is  conftantly  moving, 
even  in  the  utmoft  degree  of  cold  ;  and  in  all  the  degrees  of  heat  therefrom, 
it  moves  ftill  more  and  more.  The  great  velocity  of  fire,  when  emitted  from 
the  fun  to  the  Satellites  of  Jupiter ,  and  refleded  thence  to  our  earth,  was 
difcovered  by  a  very  fubtile  method,  from  a  multitude  of  fure  aftronomical 
„  obfervations  continued  for  ten  years,  by  M.  Roemer ,  and  communicated  in 
a  letter  to  M.  Huygens',  from  which  this  laft  author  fully  demonftrated, 
that  the  velocity  wherewith  fire  is  propagated,  is  fuch  as  carries  it  up¬ 
ward  of  1 100000000  feet  in  a  fecond  (g).  Hence  it  appears,  that  the 
velocity  muft  have  been  very  great  in  this  fire  or  light  emitted  by  the 
fun,  which  is  allow’d  for  true  elementary  fire ;  if  fuch  light  be  fuppofed  to 
have  proceeded  from  the  fun  to  fuch  Satellites ,  and  thence  direded  to  us, 
as  is  held  in  Sir  Ifaac  Newton's  fyftem :  or  if,  according  to  the  dodrine  of 
others,  thofe  fpaces  be  full  of  matter,  it  will  follow,  that  fuch  adion  of 
the  luminous  fire  could  not  be  communicated  fo  fwiftly.  But  thofe  great 
aftronomers  Cajfmi  and  Maraldi  have  fince  with  infinite  pains,  by  a  feries  of 

accurate 


(g)  Vid.  Huy  gen.  de  hum,  p.  8,  9. 
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accurate  observations  of  many  years,  carefully  compared  together,  difcdverM 
that  this  fyftem  of  Roemer  and  Huygens ,  is  far  from  drift  truth  {by,  So 
that  nothing  certain  can  be  inferr’d  concerning  the  velocity  of  light  from  this 
principle :  thus  much,  however,  we  are  certain  of,  that  this  propagation  of 
light  is  always  the  more  fwift,  as  it  is  lefs  fucceflive. 

1 1.  From  the  fame  hiftory  we  may  alfo  deduce,  that  this  elementary  fire 
makes  numerous  alterations  in  all  bodies  expofed  to  it,  though  it  does  not 
appear  by  any  experiment  that  it  alters  them  fp  as  to  turn  bodies,  which 
before  were  not  fire,  into  true  elementary  fire  :  from  whence  again,  it  does 
not  hitherto  appear,  that  fire  has  any  power  of  multiplying  itfelf  by  con¬ 
verting  its  fewel  or  other  bodies  into  true  fire,  and  affimilating  them  to  itfelf. 

12.  The  more  we  every  day  confider  the  effedts  of  true  fire,  the  lefs  rea- 
fon  we  find  for  concluding  any  fuch  power  in  fire,  or  fuch  difpofition  in  o- 
ther  bodies  :  from  whence  again  it  evidently  follows,  that  if  fire  be  unable 
to  generate  fire  out  of  any  other  matters,  neither  can  fire  itfelf  be  generated 
out  of  any  other  matters  *,  for  what  can  by  any  adlion  produce  fire  out  of  a 
body  which  was  not  fiery,  if  fire  itfelf  cannot  do  it?  No  other  thing  in 
nature  fhould  feem  to  bid  half  fo  fair  for  fuch  power,  as  that  univerfal  mover 
from  whence  all  other  things  derive  their  motion,  at  lead;  all  fluids,  and 
probably  moil  folids,  and  which  can  neither  be  produced  nor  reiufeitated* 
but  only  made  vifible  where  it  did  not  appear  before. 

13.  All  thefe  things  being  diffidently  evident,  we  may  venture  to  aflert, 
that  this  elementary  fire  is  always  and  every  where  the  fame  in  all  hot  bo^ 
dies,  after  what  manner  foever  it  were  produced  therein,  with  whatever 
fewel  nourifhed,  or  by  whatever  artifice  kept  alive.  It  is  a  falfe  complaint 
therefore  of  the  generality  of  chemifts,  that  they  want  pure  fire  to  ufe  in 
their  fubtileft  operations,  wherein  they  imagine  a  molt  pure  aftral,  celeftial, 
folar,  elementary*  incorruptible  fire  required  :  fuch  needlefs  follicitude  they 
have  fallen  into  through  inattention  to  what  we  have  above  (hewn.  For 
the  heat  produced  in  the  bodies  either  of  animals,  vegetables,  or  foflils,  al¬ 
ways  arifes  from  the  fame  fire,  and  when  it  has  penetrated  through  glafs 
into  the  cavit.y  of  a  veflel*  is  equally  pure,  and  in  all  refpedts  the  fame,  as  if 
the  veffel  had  been  expofed  to  the  pure  rays  of  the  brighted:  fun:  fo  the 
heat  of  burning  alcohol  and  of  pit-coal,  afting  on  a  matter  contain’d  in  a 
pure  glafs  hermetically  fea'ed,  provided  the  degree  of  heat  and  the  manner 
of  application  be  the  fame  in  both,  will  always  have  the  fame  effects ;  and 
even  the  fire  produced  by  the  putrefaction  of  the  molt  fetid  bodies,  after  it 
has  pafled  through  a  thick  glafs,  becomes  as  pure  and  Ample,  as  if  emitted 
from  the  cleared:  fun  into  the  fame  glafs :  and  thus  the  heat  produced 
by  fermentation,  putrefaction  of  animal  dungs,  &c.  is  of  the  fame  qua¬ 
lity  as  fire.  Nor  do  we  find  any  difference  as  to  chemical  operations  be^- 
tween  the  heat  of  horfe-dung,  and  that  of  any  other  heat  in  the  fame  degree  j 
it  follows,  therefore,  that  there  is  but  one  kind  of  fire  in  all  nature,  and 
that  elementary  and  artificial  fire  are  always  the  fame.  But  this  is  not  to  be 
imderftood  of  fubterraneous  fires,  in  regard  all  other  kinds  of  bodies  are  found 
floating  herein,  which  mingling  with  the  fire,  and  undergoing  certain  changes 

thereby, 

{h)  Mem.  Acad.  Boy.  1 707.  Hifi .  p.  77.  &  Mem.  p.  25. 
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thereby,  have  different  efftxfls,  and  make  different  changes  in  bodies,  ex- 
pofed  to  fuch  fire,  from  v/hat  would  have  happen’d  to  them  in  the  focus  of 
a  burning  lens,  or  fpeculum  ;  and  thefe  too  very  different,  according  to  the 
peculiar  natures  of  fuch  heterogeneous  parts  mixed  with  the  fire.  But  then 
thefe  different  effeds  do  not  arife  from  fire,  as  fire  ;  but  from  fire,  as  com¬ 
bined  with  other  corpufcles  agitated  by  it ;  though  the  whole,  by  miftake, 
be  promifcuoufly  attributed  to  fome  diverfity  in  fire.  In  the  mean  while, 
the  effed  of  fire  on  bodies  is  found  very  different,  according  to  the  different 
fewels  it  is  fuftain’d  by  ;  whence  it  becomes  either  ftronger  or  weaker,  or 
even  mixes  part  of  the  fewel  agitated,  and  often,  as  it  were,  united  to  it, 
with  the  bodies  expofed  to  it’s  adion. 

14.  In  refped  of  this,  therefore,  that  fire  is  judged  the  pureft,  which  is  'In  alcohol'. 
produced  and  maintained  by  burning  alcohol  ;  as  adulterating  bodies  the  leaff 

with  any  mixture  of  its  fewel. 

15.  The  next  is  that  produced  by  diitill’d  oils,  frequently  redified  and  Di/iill'd  oils,. 
cleanfed,  efpecially  from  their  fixed  alcaline  fait,  and  thus  render’d  exceed¬ 
ingly  thin,  fimple,  fubtileand  limpid,  like  alcohol  icfelf.  To  this  clafs  belong 

naptha  and  petroleum,  wherein  the  like  property  obtains. 

16.  After  thefe,  good  charcoal  yields  the  pureft  fire. - Then  the  purer  Wood-coal. 

natural  woods  themfelves. - Then  turf,  or  bituminous  clods,  which  are 

of  two  kinds;  the  firff  pared  from  the  furface  of  heathy  ground,  the  other 
dug  out  of  a  moift,  black,  fat  mud  or  foil,  in  a  parallelipiped  form  ;  which 
being  dried  by  the  fun  afford  a  noble,  wholefome,  fettled  fire,  much  effeem’d  ' ? 

and  praifed  by  Mr.  Boyle. 

17.  The  coal  of  fuch  turf  being  duly  prepared,  by  kindling  it  till  tho-  Turf. 
roughly  ignited,  fo  as  to  emit  no  fenfibleTmoke,  and  then  extinguifhing  it ; 

if  kept  dry,  will  afford  a  fewel  very  eafy  to  be  kindled,  and  fit  for  various 
purpofes,  in  regard  it  neither  produces  fmoke  nor  ffench  ;  but  when  once 
lighted,  fpontaneoufly  maintains  its  fire,  a  long  time,  and  is  the  moll  equa¬ 
ble  of  all  hitherto  observed . 

18.  To  thefe  more  compound  fewels  belong  alfo  pit-coal;,  which  confifls  Pit-coal, 
of  a  foffil  oil  much  like  naptha  or  petroleum,  and  a  vitrifiable  matter  (/). 

19.  And  laftly,  the  dried  dungs  of  certain  animals. 

20.  That  vaft  diverfity,  therefore,  of  phyfical  effects,  which  feems  fo 
often  to  arife  from  the  operation  of  fire,  ought  to  be  wholly  attributed  to 
the  diverfity  of  fewel  ;  as  might  be  fhewn  by  many,  and  particularly  by 
the  following  experiments.  If  wood  or  turf  be  burnt  in  an  open  fire  in  the 
air,  the  vapour  they  yield  is  by  no  means  mortal,  but  painful  to  the  eyes, 
and  afFe dting  the  lungs  fo  as  to  caufe  a  cough  ;  but  the  fame  being,  either  of 

them. 


(7)  “  The  fmoke  of  pit-coal  being  very  of- 
u  fenfive,  and  other  inconveniencies  attending 
“  its  ufe ;  a  way  has  been  found  to  char,  and 
“  reduce  it  into  coherent  maffes  of  a  proper 
“  fize.  ’Tis  true  it  is  fold  almoft  as  dear  as 
**  charcoal  ;  yet  thofe  who  confume  large 
“  qua  ntities,  find  it  near  twice  as  cheap,  bc- 
“  caufe  it  lafts  much  longer,  and  gives  a 
“  heat,  far  more  intenfe.  It  would  therefore 


“  be  a  very  ufeful  thing  in  chemlflry,  to  be 
“  able  to  char  coals  without  the  ufe  of  thofe 
“  pots,  to  which  their  prefent  price  is  owing. 
“  In  Holland  they  have  likewife  a  way  of 
“  charring  peat,  a  kind  of  turf,  which  might 
“  fervefor  fewel  in  chemical  operations;  tho’ 
“  the  manner  of  charring  be  not  yet  known 
“  in  feveral  countries,  where  perhaps  pe^t 
“  might  be  found. 
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themf  charred  or  prepared  after  the  manner  above  fpecified,  and  thus  lighted 
thoroughly,  when  very  dry,  yield  a  very  thin  fcarcely  perceivable  fume, 
which  if  confined  in  a  clofe  place,  prefently  kills  all  animals  :  and  this  with 
fome  extraordinary  circumftances.  For  an  animal  being  put  in  a  large  veffel, 
and  then  the  air  fo  far  exhaufted,  as  that  the  animal  might  ftill  live  fome  time 
in  it ;  and  laftly,  air  being  driven  through  coal  ftill  fmoaking,  and  convey’d 
by  a  funnel  into  this  kind  of  vacuum,  the  animal  did  not  die  ;  whereas 
the  fame  air  being  driven  through  coals  perfectly  kindled,  inftantly  fuffo- 
cated  the  creature.  The  air  alfo  fometimes  communicates  an  extraordinary 
power  to  fire  ;  as  appears  from  that  experiment  related  by  the  celebrated  hi- 
ftorian  of  America ,  Acojla  \  viz.  that  in  the  rich  filver-mines  of  Perny  the 
native  metal, ^while  in  its  ore,  will  not  melt  with  the  utmoft  fire  raifed  by  the 
largeft  bellows  •,  but  that  it  readily  melts,  if  the  fame  fire  be  excited  by  an 
artificial  blaft  of  wind,  raifed  by  a  fwift  fall  of  cold  water,  conveyed  forci¬ 
bly  by  proper  inftruments  into  the  fire.  Thefe,  and  many  other  inftances, 
fhew  how  neceffary  it  is  to  be  very  circumfpett  in  examining  the  adlion 
of  fire  on  bodies  *,  fince  the  minuteft  circumftance  often  alters  the  whole 
effedh 

21.  It  remains  now  to  confider  fome  things  further  in  this  hiftory  of  fire, 
which  may  be  of  great  ufe  in  chemiftry. 

22.  Firft,  then,  v/e  muft  not  give  into  the  vulgarly  received  opinion, 
that  fire  is  an  uni  verfal  folvent  of  all  bodies.  5Tis  certain  it  diftolves  a  great 
number  of  bodies  •,  but  that  it  diftolves  all,  we  pofitively  deny.  In  reality, 
according  to  its  different  degree,  it  adts  differently  on  the  fameobjedt.  Thus, 
if  very  fmall,  and  gradually  raifed,  it  will,  in  a  long  courfe  of  time,  turn 
quickfilver  in  a  glafs  phial  into  a  fort  of  fixed  powder,  fcarce  mifcible  with 
any  other  liquor  •,  whereas,  if  the  fame  utmoft  degree  of  fire  had  been  ap¬ 
plied  at  firft,  as  at  laft ;  the  quickfilver  would  all  have  evaporated.  And 
again,  if  the  fame  higheft  degree  of  fire  be  fuddenly  applied  to  this  powder, 
thus  fixed  by  a  flow  one,  gently  raifed,  the  whole  becomes  volatile  again :  fo 
that  one  degree  deftroys  what  another  had  done. 

‘23.  Secondly,  neither  is  fire  is  fo  pure  a  folvent,  as  only  to  extradt 
from  bodies  what  before  exifted  in  them  *,  fince  it  mixes  fome  things 
with  them  at  the  fame  time  that  it  extradts  others  •,  of  which  we  have 
many  indications.  Thus  while  antimony  is  calcining  by  the  folar  fire,  it 
occasions  it  to  emit  a  copious  fume  ;  yet  at  the  fame  time  introduces  fuch 
3  quantity  of  other  matter,  that  the  calx  is  inereafed  both  in  bulk  and 
weight.  And  if  lead,  by  the  like  operation,  be  reduced  to  minium,  it  all 
the  while  yields  a  plentiful  poifonous  fume ;  and  yet  the  calx  becomes  con- 
fiderably  heavier  than  the  metal  originally  was.  The  like  augmentation 
of  weight  is  found  in  coral,  when  calcined  by  a  vehement  fire  long  con¬ 
tinued.  So  mercury,  if  well  purified  by  means  of  metals,  and  then  di- 
gefted  a  long  time  in  a  glafs  phial  by  fire,  turns  at  length  into  a  fixed  powder, 
and  a  fmall  quantity  of  good  metal ,  weighing  together  more  than  the  mer¬ 
cury  firft  employed. 

24.  Fire,  from  fome  bodies,  produces  nothing  new  ;  but  lets  them 
pafs  unchanged,  and  untouched  as  it  were  :  as  we  find  in  gold,  filver, 
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cfteocolla,  glafs,  felenitis ,  talc,  and  virgin-fand ;  which  are  not  feparated 
into  elements,  or  any  other  bodies  by  fire  alone,  however  applied  (k). 

25.  There  are  many  bodies  from  which  fire,  in  what  manner  foever  Tho' fefarable 
applied,  will  not,  of  itfelf,  feparate  any  different  parts  ;  though  it  be  known  otberwi/e. 
that  different  parts  concurred  to  the  compofition  of  fuch  bodies ;  and  tho* 
by  other  means  we  can  adtually  refolve  them  into  fuch  component  parts.  Va¬ 
rious  infiances  hereof  have  been  long  ago  alledged  by  learned  authors :  we  fhall 
only  mention  a  few.  If  gold,  filver,  and  copper  be  melted,  and  thus  mix’d 
together,  they  will  afford  a  mafs  ;  out  of  which  the  fire  will  fcarce  ever  ex- 
trad  thofe  three  ingredients.  But  if  we  put  this  mixture,  with  twenty  times 
the  quantity  of  lead,  in  a  refiner’s  furnace,  the  copper  will  very  foon  be  accu¬ 
rately  feparated  ;  leaving  the  gold  and  filver  pure  behind.  And  if  thefe  two 
be  again  expofed,  in  what  manner  foever,  to  the  fire,  they  will  ftill  remain 
mixed  ;  and  this  fo  intimately,  that  each  particle  of  the  mafs  fhall  contain, 
the  fame  proportion  of  gold  and  filver,  as  is  found  in  the  whole  mafs.  But 
if  fpirit  of  nitre  be  poured  on  the  fame,  all  the  filver  will  be  diffolved,  and 
the  gold  remain  at  the  bottom  of  the  veflel,  in  form  of  a  black  powder. 

The  filver  thus  feparated  from  the  gold,  and  conceal’d  in  the  fpirit  of  nitre, 
is  very  difficultly  feparable  therefrom  without  lofs  :  for  with  fire  it  will 
dry  into  a  mafs,  called  lapis  infern  alis,  wherein  the  acid  part  of  the  nitre 
ftill  obftinately  adheres  to  the  filver,  and  melts  with  it,  like  a  metal,  yield¬ 
ing  no  fmoke.  But  if  a  quantity  of  thin  pieces  of  copper  be  added  to  the 
folution,  the  whole  body  of  the  filver,  gradually  feparating  from  the  fpirit 
of  nitre,  will  gently  adhere  to  the  copper  ;  and  the  veflel  being  ftiaken,  fall 
to  the  bottom  thereof;  and  being  wafhed  with  fair  water,  become  perfectly 
pure:  fo  that  what  the  fire  could  not  do,  is  here  done  by  other  means.  I 
need  not  add,  that  fulphurs  adhere  fo  ftrongly  to  the  ores  in  metals,  that, 
when  expofed  to  the  fire,  they  either  melt,  or  evaporate  with  them  into 
the  air.  How  vainly,  and  with  what  immenfe  lofs,  have  the  refiners  of 
metals  endeavoured  to  expel  the  fulphurous  parts  by  fire,  fo  as  to  obtain 
only  the  metalline  parts  pure  at  the  bottom  of  the  teft  ?  But  when  they 
came  to  mix  fix’d  alcalies,  or  iron,  which  in  the  fire  attradl  fulphur,  or  ab- 
forbent  powders  made  of  thefe  or  the  like  matters,  with  the  ore  ;  the  ful¬ 
phur  absorbing  fuch  addition,  and  uniting  the  fulphurous  fcorias  with  itfelf, 
left  the  metalline  part  pure  behind.  Thus  antimony,  when  pure,  appears 
homogeneous ;  but  if  expofed  in  any  manner  to  the  fire,  either  evaporates 
wholly,  or  if  the  fire  be  flow,  remains  fixed  therein  :  but  upon  mixing  it 
with  tartar  and  nitre,  or  with  iron  and  nitre,  and  then  deflagrating  the  mix¬ 
ture,  an  heterogeneous  fulphurous  part  prefently  feparates  from  the  reft, 
leaving  a  metalline,  homogeneous,  ponderous  mafs  behind.  The  fame  an¬ 
timony  is  diflolvable  in  its  metalline  part  by  aqua  regia,  whilft  its  fulphur 
remains  untouch’d  by  the  acid  thereof.  Sal-ammoniac,  which  is  a  com¬ 
pofition  of  various  matters,  evaporates  wholly  in  a  ftrong  fire,  and  in  a 
lefler  remains  unchang’d  ;  but  upon  adding  to  it  a  fix’d  alcaline  fait,  it 
prefently  feparates  into  a  fixed  fea-falt,  and  a  volatile  animal  one.  So  cor- 
rofive-fublimate  of  mercury,  expofed  to  a  long  continued  fire,  fuffers  no 

•  B  b  b  divifion 

(4)  See  Helmont  in  various  places ;  and  Boylt  Air.  Vol.  III.  p.  266,  &  feq. 
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divifion  of  its  component  parts ;  but  upon  mixing  with  it  a  quantity  of  iron 
or  alcalies,  becomes  freed  of  its  acids.  Chemiftry  abounds  with  fimilar 
inftances. 

Fire  does  not  2  6.  It  is  further  remarkable,  that  thofe  parts  which  fire,  however 
feparatc bodies  carefully  applied,  procures  from  compound  bodies,  are  not  fimple,  but  ftill 
into  their  eh-  Varioufly  mixed  together.  If  we  examine  the  fimple  waters  drawn  from 
bodies  by  fire,  they  evidently  appear,  both  by  their  fmell,  the  thicknefs 
they  fpontaneoufly  acquire,  and  their  mucilage,  to  be  ftill  much  com¬ 
pounded  *,  fince  none  of  thefe  ever  obtain  in  truly  fimple  water.  If  we 
confider  fpirits,  they  will  be  found  fo  compounded  of  a  water,  and  a  fait 
inherent  therein,  that  there  is  no  feparating  them  perfe&ly  by  any  art,  with¬ 
out  applying  both  fixed  falts  and  fire.  For  oils,  the  generality  of  che- 
mifts  allow  them  as  true,  fimple,  fulphureous  elements  ;  but  the  more 
knowing  few  fhew  them  to  be  compounded  of  a  great  variety  of  parts  ;  viz-. 
that  inflammable  principle,  of  which  we  have  already  treated  fo  fully,  a 
large -proportion  of  water,  a  quantity  of  fait  intimately  mixed,  and  fome 
earth.  And  what  extreme  care  does  it  require,  before  the  earth  obtained 
from  bodies  by  fire  can  be  had  abfolutely  pure  ;  fixed  falts  ftill  adhering  to 
it,  even  till  it  vitrifies  ? 

27.  It  appears,  by  the  refult  of  numerous  experiments,  that  fire  com¬ 
pounds  bodies,  as  well  as  divides  them ;  being  found  to  unite  different  mat¬ 
ters  fo  clofely  together,  that  the  whole  refulting  therefrom  appears  extremely 
fimple ;  and  will  even  bear  the  fire  afterwards,  without  being  changed-  Thus, 
pure  fand  and  fixed  alcali  being  intimately  mixed  by  grinding,  calcining,  and 
melting  them  together,  with  a  vehement  fire,  produce  glafs;  which  is  a  body 
fo  fimple  both  in  its  parts,  and  the  whole,  that  we  fcarce  know  another 
more  fimple  one,  or  harder  to  be  refolved  into  its  ingredients  •,  which  can. 
only  be  effe&ed  by  melting  it  with  a  great  proportion  of  fixed  alcali,  fuffi- 
c-ienttogive  it  a  faline  nature,  and  then  digefting  it  in  an  acid  ;  upon  which 
the  fand  precipitates  to  the  bottom,  in  form  of  a  fine  powder.  The  fame  is 
fhewn  by  fapo’s  •,  alfo  by  the  diftillation  of  aqua  regia  •,  and  by  the  elettra  of 
metals.  In  fine,  all  nature  makes  ufe  of  fire,  as  the  chief  inftrument  of  pro¬ 
ducing  compounds.  What  compound  do  we  find,  either  in  the  animal,  ve¬ 
getable,  or  foflil  kingdom,  but  owes  its  origin  to  a  gentle,  digefting, 
arranging,,  compounding  fire  ?  In  reality,  a  flow  fedate  aeftion  of  fire  in 
motion,  appears  the  principal  caufe  of  all  the  clofeft  combinations  we  meet 
with  ;  fo  that  it  may  well  be  doubted,  whether  fire  contributes  more  to  the 
compofition,  or  the  diflolution  of  bodies. 

28.  It  may  be  obferved,  that  the  fame  fire,  as  applied  in  different 
quantities,  firft  compounds  bodies,  and,  when  raifed  to  a  higher  pitch,  de¬ 
compounds  them  again.  This  the  chemifts  have  found,  to  their  no  fmali 
lofs  ;  when  after  employing  many  years  to  fix  mercury  by  a  flow  fire,  gently 
raifed  through  feveral  degrees,  they  have  at  length  brought  it  into  a  red 
powder,  which  remains  long  fixed  in  the  fire  •,  yet  when  the  fame  fire  is  raifed 
to  its  utmoft  pitch  by  force  of  bellows,  this  likewife  evaporates  into  the  air  ; 
whereby,  at  the  fame  time  they  were  difappointed  in  their  expectation  they 
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learnt  this  fecret ;  viz.  that  one  degree  of  fire  will  feparate,  what  another 
had  compounded. 

29.  One  and  the  fame  fire,  applied  to  the  fame,  body  with  different  Adis  dijfe- 
circumftances,  will  have  quite  different  effe&s  *,  and  efpecially  asthe  air 
happens  to  be  vai  ioufly  admitted,  during  the  operation.  Dr.  Hook  took 
a  coal,  put  it  in  an  iron  box,  and  clofed  the  fame  very  accurately  with  a  lid 
fcrew’d  down:  then  applying  the  whole  a  long  time  over  a  ftrong  fire,  the  coal, 
upon  taking  it  out  again,  was  not  found  burnt  (/j.  From  whence  he  in- 
ferr’d,  that  air  is  a  menftruum,  which  being  agitated  by  fire,  could  diffolve 
all  fulphurous  bodies  ;  which,  fire  without  air  could  not  do  (m).  The  fame 
has  been  obferved  by  Helmont  in  diftillations  with  his  fixed  coal  ;  and  by 
Papin  (n).  I  myfelf  have  burnt  the  fine  dull:  of  guaiacum,  with  a  vehement 
fire  long  continued  •,  yet  have  found  the  black  feces  remaining  with  the  oil 
in  them,  which  no  force  of  fire  could  drive  out  of  the  retort.  Yet  no  fooner 
was  this  carbonaceous  powder  laid  in  a  fhallow  bafon,  and  a  fmall  fpark  of 
fire  applied  to  it,  than  the  black  oil  all  exhaled  with  an  aromatic  cedar-like 
fume  ;  leaving  nothing  behind  but  white  taftelefs  afhes.  Thus  camphire* 
when  kindled  in  air,  even  though  it  were  fwimming  on  water,  will  burn 
quite  away  i  but  if  put  in  a  fubliming  glafs-veffel  over  the  fire,  it  will  melt, 
rife  to  the  top,  and  concrete  into  new  camphire,  altogether  the  fame  as  be¬ 
fore.  And  the  like  will  happen,  though  the  operation  be  repeated  a  num¬ 
ber  of  times.  Thus  fulphur,  in  clofe  veffels,  will  fublime  a  hundred  times  ; 
yet  ftill  remain  fulphur  :  but  if  during  the  operation,  a  crack  happen  in  the 
veffel,  and  the  melted  fulphur  becomes  by  this  contiguous  to  the  air  *,  it  im- 

B  b  b  2  mediately 


(/)  See  his  life  prefixed  to  his  pofthumous 
works,  p.  xxi. 

(m)  The  truth  is,  in  fome  cafes,  the  pre¬ 
fence  of  air  is  neceflary  for  the  production 
of  light,  or  prefervation  of  fire  :  as  appears 
from  the  burning  of  thofe  bodies  which  go 
out  when  the  air  is  taken  away  ;  thus  a  lighted 
candle  being  put  in  a  receiver,  and  the  air 
exhaufted,  the  candle  is  immediately  extin- 
guifhed  :  nor  will  the  ordinary  attrition  of 
a  flint  and  fteel  produce  any  fpark  of  light  in 
s vacuo .  On  the  contrary,  on  fome  occafions 
the  abfence  of  the  air  is  neceflary  to  light. 
Laftly,  in  other  cafes,  the  light  which  was 
before  feen  in  the  air,  becomes  augmented 
upon  taking  away  the  air :  as  we  fee  in  the 
lucid  lines  drawn  by  phofphorus  *. 

“  For  the  fake  of  thofe  who  think  the  at- 
“  trition  of  contiguous  air  neceflary  to  pro* 
“  duce  a  manifeft  heat,  we  placed  fome  hard 
“  black  pitch  in  a  bafon,  at  a  convenient 
“  diftance  under  water,  and  call:  the  fun’s 
“  rays  on  it  with  a  burning-glafs,  in  fuch 
“  manner  that,  notwithftanding  the  refrac- 
■“  tion  they  fuffered  in  palling  thro’  the  water, 
“  the  focus  falling  on  the  pitch,  would  pro- 


“  duce  fometimes  bubbles,  lometimes  fmoke, 
“  and  quickly  communicate  a  degree  of  heat, 

‘  ‘  able  to  melt  it,  if  not  alfo  to  make  it  boil  f. 

“  We  took  a  piftol,  and  having  firmly  tied 
“  it  to  a  flick  almoft  as  long*as  the  cavity  of 
4‘  the  receiver,  we  primed  it  with  dry  gun- 
“  powder;  then  cocking  it,  we  fatten'd  the 
“  t!"igger  t0  one  end  of  a  flring,  the  other 
“  being  fatten’d  to  the  key  in  the  cover  of 
“  our  receiver  :  this  done,  we  convey’d  the 
“  whole  apparatus  into  the  veffel,  which  be- 
“  ing  clofed  up,  and  emptied  after  the  ufual 
“  manner,  we  turn’d  the  key  in  the  cover, 
“  and  thereby  fhortning  the.  firing,  pulled 
“  the  trigger,  and  obferv’d,  that  the  force 
“  of  the  fpring  of  the  lock,  was  not  fenfibly 
“  abated  by  the  abfence  of  the  air  ;  for  the 
“  cock  falling  with  its  ufual  violence,  ftruck 
<£  as  many,  and  as  confpicuous  fparks  of  fire, 
“  as,  for  aught  we  could  perceive,  it  did  in 
“  the  open  air.  Upon  often  repeating  this 
“  experiment,  we  could  not  perceive,  but 
“  that  the  fparks  of  fire  moved  upwards,  down- 
“  wards,  and  fideways,  as  when  out  of  the 
“  receiver  J.” 

(»)  See  his  Recueil  des  Machines,  p.  25,  26. 


*  s' Grave/ and.  *{■  Boyle  Me  eh.  Grig,  of  Heat,  Sec, 

^  Moyle  Phyf  Mech.  Exper.  on  dir. 
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mediately  catches  fire,  and  refolves  into  a  blue  flame  and  acid  fume.  So 
amber,  if  kindled  in  the  open  air,  burns  almoft  wholly  away,  maintaining  a 
fire  and  flame  :  but  if  the  fame  be  diftill’d  in  a  retort,  with  a  fire  at  firfl: 
very  gentle,  but  gradually  raifed  to  the  highefl:  pitch  ;  it  will  firfl  yield  a 
water,  fpirit,  volatile  acid  fait,  and  an  oil  of  different  kinds  ;  and  at  length, 
by  the  highefl  degree  of  fire,  the  whole  fubftance  will  rife  through  the  neck 
of  the  retort,  as  I  have  often  experienced.  It  follows  therefore,  that  fire, 
either  without  air,  or  pent  up  with  it,  and  reftrain’d  from  motion,  has  very 
different  effedts,  from  what  it  is  found  to  have  under  other  circumftances. 

30.  The  fame  fire,  as  applied  in  different  degrees  to  the  fame  objedfl, 
has  very  different  effects,  as  we  find  by  experiments.  For  if  the  white  of 
a  new-laid  egg  be  put  in  a  clean  open  veffel,  and  kept  in  a  degree  of  heat, 
denoted  by  92  degrees  on  Fahrenheit's  thermometer,  it  will  in  a  fhort  time 
be  turn’d  into  a  thinner,  fanious,  fetid,  putrid  liquor,  incapable  of  being 
again  coagulated  by  the  heat  of  boiling  water  ;  and  at  length  becomes  a  vo¬ 
latile  fetid  alkali :  but  if  the  fame  white  of  egg  be  kept  in  the  200th  de¬ 
gree  of  heat  on  the  fame  thermometer,  it  quickly  turns  to  a  white,  folid, 
fciflile,  infipid  mafs,  and  yields  plenty  of  aqueous,  inodorous,  infipid  fume  ; 
leaving  at  bottom  a  hard,  brittle,  pellucid,  infipid,  inodorous  matter,  which 
will  remain  immutable  for  many  years.  Again,  the  fame  white  being  put  in  a 
clean  glafs  retort  in  400  degrees  of  heat,  yields  phlegm,  fpirits,  fetid  oils, 
volatile,  alcaline,  oleous,  and  fetid  fait,  with  a  black  coal  which  fwells 

exceedingly  by  the  fire. - There  would  be  no  end,  were  1  to  rehearfe  all 

that  might  be  faid  of  the  nature  and  power  of  fire.  It  may  now  fuflice  to 
give  a  fhort  recapitulation  of  the  do&rine  laid  down  in  the  foregoing  arti¬ 
cles  ;  as  that  fire,  diverfified  according  to  all  the  preceding  conditions,  may 
produce  moft  of  the  effects  obferved  in  nature,  we  mean  as  a  concurrent 
caufe ;  viz.  it  may  change  concretes,  both  in  their  figures  and  cohefions, 
but  fo  as  that  the  diverfity  of  concretes  will  hereby  produce  different  things  ; 
it  being  never  obferved,  that  fire  can  produce  the  fame  things  from  different 
ones,  but  only  certain  definite  things  from  certain  bodies,  and  thefe  alfo  diffe¬ 
rent  according  to  the  order,  degree,  and  manner  of  application  of  the  fire. 


Of  the  DireSUon  and  Regulation  of  Fire  in  Chemijlry . 

i.TT  remains  now  to  fpeak  of  that  knowledge  of  fire,  confidered  as  prefent 
j[  and  adting  in  any  given  place,  which  is  requifite  in  a  chemift,  to  enable 
him  to  raife,  diredt,  maintain,  and  apply  the  degree  of  fire  neceffary  to  pro¬ 
duce  the  defired  change  in  a  given  body.  This  part  of  knowledge  indeed 
is  delivered  by  the  antient  chemifts,  but  has  been  brought  almoft  to  per¬ 
fection  in  our  days,  fince  the  way  has  been  found  of  applying  M.  Fahren¬ 
heit's  excellent  thermometer  to  this  purpofe.  The  antients  teach,  that  the 
power  of  fire  may  commodioufly  be  divided  into  four  different  degrees, 
which  they  hold  fuflicient  to  the  practice  of  their  art,  but  fay  little  very 
diftindtly  on  that  head  •,  nor  have  the  generality  of  modern^  added  any 
thing  confiderable  to  their  dodtrine.  Our  endeavour  will  be  in  what  follows, 
to  reduce  the  rules  of  art  to  more  natural  principles. 


2. 


The  Theory  tf/'CHEM'fS'T&r.  373 

2.  The  firft  degree  of  fire  then  is  that  which  in  nature  performs  the  of-  'The  degrees  of 
fice  of  vegetation  in  plants,  and  whereby  chemiftry  imitates,  or  does  t he^'r’  viz  ^he 
like.  This  commences  from  the  higheft  degree  of  cold,  which  in  Fahren- ^  ' 
beit's  thermometer  is  denoted  by  one,  and  ends  at  80  degrees  ;  fince,  in 
this  whole  interval,  we  find  certain  plants  give  indications  of  life  and 
growth.  Thus  in  the  fevered:  winter’s  cold  we  find  the  bitter  modes  grow¬ 
ing  on  the  barks  of  trees  ;  and  what  is  more,  they  only  grow  at  fuch  times  ; 
the  fir,  juniper,  oriental  larix,  cedar,  pine,  favin,  yew,  life-tree,  and  other 
ever- greens,  maintain  their  verdure  during  the  moft  pinching  froft:  the  like 
holds  of  corallines,  earth-modes,  black  hellebore,  hepatica,  the  Leucoian 
narciflus,  the  winter  aconite,  helleborafter,  and  others,  which  will  lhoot,  blof- 
fom,  generate,  conceive,  and  bring  forth  under  the  fevered:  cold,  which  is 
unable  to  check  their  conjugal  heat.  In  fine,  were  we  to  rife  from  the  low¬ 
ed:  to  the  higheft  pitch  of  this  degree  of  heat,  and  then  rehearfe  all  the 
fpecies  of  known  plants,  we  fhould  find  fome  which  arrive  at  their  utmoft 
ftrength  in  every  point  or  degree  of  the  heat  above-mentioned. 

3.  Hence  it  appears  probable,  that  a  chemid,  by  duly  conducting  this  -And  it's  ufes. 
degree  of  heat  in  an  artificial  dove,  might  imitate  the  heat  which  nature 

makes  ufe  of  in  the  production  of  plants  •,  proceeding  by  gentle  degrees,  fo 
as  to  cherifh,  not  deftroy  them.  To  raife  this  degree,  let  a  furnace  be  made, 
and  on  this  fet  a  veflel  full  of  water,  to  which  a  thermometer  being  ap¬ 
plied,  may  by  its  rifing  and  falling  indicate  the  degree  of  heat  required  ; 
then  placing  glafs-vefiels  in  the  water  thus  temper’d,  put  the  bodies  there¬ 
in,  which  are  to  undergo  the  aClion  of  the  fire  :  ’tis  very  probable  this 
degree  of  fire  would  be  fitted:  for  impregnating  of  oils  with  any  excellent, 
precious,  vegetable  fpirit  without  wafting.  Thus,  to  communicate  the 
fragrant  fcent  of  rofes  to  a  given  oil,  the  bed:  method  fhould  feem  to 
be  to  take  pure,  inodorous,  infipid  oil  of  olives,  and  put  it  in  a  tall  clean 
chemical  fire,  and  digeft  it  in  a  heat  of  56  degrees  with  rofes,  gather’d  juft 
as  they  open  in  the  morning  •,  by  fuch  means  the  warmth  will  unite  the 
fpirit  of  the  rofe  with  the  vifcidity  of  the  oil,  in  the  moft  intimate  manner, 
and  exhibit  an  highly  odorous  balfam.  The  application  of  a  fimilar  degree 
of  heat  would  impregnate  alcohol  with  the  fined:  fpirit  of  faftron  ;  a  lefier 
degree  fcarce  fufficing  to  extraCl  this  fpirit  from  its  body,  whilft  a  greater 
will  diffipate  the  more  volatile  part  of  the  fame  fpirit.  Few  conceive  the 
juftnefs  of  this  method  ;  and  yet  ’tis  certain  feveral  incomparable  medicines 
are  thus  prepared,  merely  by  a  cautious  management  of  the  fire  j  which  are 
utterly  loft  if  the  fire  be  raifed  beyond  the  proper  degree. 

4.  The  fecond  degree  of  fire  may  commoaioufiy  be  taken  from  the  The  fee  ova 
heat  which  ordinarily  obtains  in  an  healthy  man,  and  which  may  be  degree. 
fuppofed  to  commence  at  the  40th  degree  of.  the  thermometer,  and  end 

about  the  94th.  Within  this  compafs  animals  may  live  and  fubfift ;  that 
is,  if!  their  juices  be  of  any  degree  of  heat  within  thefe  bounds.  The  vital 
juices  of  fome  infeeds  have  indeed  a  very  fmall  degree  of  heat  j  and  I  have 
often  wonder’d  how  the  embryo’s  in  the  ova  of  caterpillars,  which  fix  their 
fecund ified  eggs  by  a  vifeus  to  the  (lender  branches  of  trees,  fhould  have 
fubfifted  unhurt  during  the  whole  hard  winter  of  the  years  1709  and  1729, 

when 
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when  every  body  would  have  imagined  this  whole  race  of  worms  muft  have 
been  deftroy’d  by  fo  fevere  a  froft ;  yet  as  the  warmth  of  the  fpring  ap¬ 
proach’d,  we  found  them  creep  out  of  their  ovula  *,  and  confequently  they 
muft  have  bore  the  whole  feverity  of  the  feafon  without  harm.  So  fifhes, 
both  of  the  river  and  fea  kind,  which  have  gills  inftead  of  lungs,  live  in  a 
watery  medium,  which  is  only  34  degrees  hot  *,  and  confequently  their  bo¬ 
dies  are  reduced  to  the  fame  temperature  ;  yet  they  can  bear  any  heat 
from  hence  to  the  60th  degree,  and  fomewhat  further  :  but  fifties  that  are 
furnifhed  with  lungs,  as  alfo  all  breathing  animals,  conceive  a  greater  heat 
of  their  juices,  which,  when  healthy,  are  found  about  92  degrees  hot  ; 

And  it's  ufes.  for  which  reafon  we  limit  this  fecond  degree  of  fire  between  33  and  94 
degrees :  within  which  compafs  the  vital  functions  of  all  animals,  the  fer¬ 
mentations  of  vegetables,  and  the  putrefa&ions  of  animals  and  vegetables, 
as  well  as  all  generations,  geftations,  incubations,  births,  nutritions,  &c. 
of  animals  are  performed.  This  degree  is  ufed  by  the  beft  chemifts  for 
making  elixirs,  volatile  alcaline  falts,  both  fimple  and  oily,  alfo  tindlures, 
and  the  digefting  of  the  philofophical  mercury  for  the  firft  preparation  of 
the  ftone. 

5.  The  third  degree  of  fire  is  that  which  extends  from  94  degrees  of 
and  it's  the  thermometer  to  212  •,  at  which  laft,  water  ufually  boils.  In  the  whole 

compafs  of  this  degree  the  water  and  native  fpirits  are  feparated  from  all 
vegetables  and  animals,  and  the  remainder  drying,  becomes  durable,  and 
almoft  immutable the  eftential  oils  of  plants  thus  become  volatile  ;  but  the 
falts  and  oils  obtainable  from  the  recent  juices  of  animals,  fcarce  rife  with¬ 
in  this  degree,  but  rather  dry  into  a  thick,  hard,  brittle,  infipid,  inodo¬ 
rous  matter,  which  remains  unchang’d  for  many  years  j  by  which  appears 
the  falfehood  of  that  ufual  opinion,  that  volatile,  alcaline,  and  oily  falts 
are  generated  and  found  in  the  healthy  bodies  of  men,  with  this  degree 
of  heat.  All  diftill’d  oils  are  prepared,  and  alfo  all  diftillations  of  medicated 
waters  from  vegetables  are  made  in  this  ;  and  the  fanguineous  and  ferous  hu¬ 
mours  of  animals  coagulate  by  boiling  water  into  fciftile  maftes  ;  all  their 
folid  parts  are  deftroyed  and  turned  into  a  thick  tenacious  liquid  j  confe¬ 
quently  all  animals  are  quickly  deftroyed  therein. 

6.  The  fourth  degree  may  be  taken  from  211  to  600  degrees  on  the  ther¬ 
mometer  ;  within  which  latitude  the  diftillation  of  all  oils,  faline  lixiviums, 
quickfilver,  and  oil  of  vitriol,  is  performable.  Within  this  alfo  lead  and 
tin  will  melt  and  mix  together  j  oils,  falts,  and  fapo’s  both  of  animals 
and  vegetables,  become  volatile  and  acrimonious,  tending  more  or  lefs  to 
an  alcaline  nature  *,  their  folid  parts  dry  up,  and  burn  into  a  black  coal.  In 
fine,  all  thefe  matters  are  utterly  deftroyed,  have  their  nature  chang’d,  and 
lole  their  proper  powers  in  this  degree  of  heat :  and  foftile  fulphur  and  fal 
ammoniac  are  fublimed  by  the  fame. 

7.  The  fifth  degree  is  that  wherein  the  other  metals  melt,  and  which  com¬ 
mences  from  600  degrees  of  the  thermometer,  and  ends  where  iron  is  held  in 
a  ftate  of  fufion.  In  this  degree  moft  bodies  are  deftroyed  ;  butglafs,  gold, 
ftlver,  copper,  and  iron,  remain  long  unchang’d  j  all  other  fixed  bodies 
grow  red-hot  in  this  degree:  the  fixed  falts  of  vegetables  and  foftils  melt,. 


The  fourth 
degree . 


The fifth. 


375 


The  Theory  of  Chemistry. 

are  deprived  of  moft  of  their  oils,  and  raifed  further  and  further  to- 
,  wards  an  alcaline  acrimony,  and  thus  with  fand  or  flint  turn  to  glafs  \  in  this 
lime-ftones  calcine,  and  all  other  bodies  vitrify,  or  become  volatile,  and 
diffipate  in  the  air. 

8.  The  fixth  and  laft  degree  of  fire  is  that  made  either  by  a  burning  lens  The  fix  tb. 
or  a  fpeculum,  which  fcarce  any  fubftance  is  able  to  withftand,  and  gold 

itfelf  becomes  confiderably  alter’d  thereby  :  concerning  this  degree  of  fire 
confult  Homb erg’s ,  Hartfoeker’ s,  and  Villettefs  experiments  j  as  alfo  what  we 
have  already  delivered  in  the  courfe  of  this  hiftory.  Its  ufual  and  almoft 
univerfal  effedt  on  all  bodies  is  their  vitrification  •,  whence  we  lay  it  down, 
that  the  ultimate  effort  of  any  fire  hitherto  difcovered  is  to  vitrify  all  fixed 
bodies.  This  the  antient  fages  of  Afia  feem  to  have  been  apprized  of-,  as 
they  relate  in  their  predi&ions,  that  the  whole  world  fhould  at  length  pe- 
rifh  by  fire,  and  be  turned  into  tranfparent  glafs.  Thus  much  at  leaft  we 
have  fufficiently  made  out  concerning  the  degrees  of  fire  ;  human  under- 
ftanding  being  unable  to  fix  its  ultimate  limits.  It  will  now  be  neceflary 
to  fhew  how  a  fire  may  be  raifed,  and  maintained  in  any  given  degree  i  upon 
which  the  whole  art  of  the  chemift  immediately  depends. 

9.  In  refpedt  of  this  we  obferve,  that  it  is  much  more  difficult  to  pre-  How  to  dir  eft 
ferve  a  great  degree  of  cold  for  a  long  time,  than  to  maintain  a  great  degree  and  apply  the 
of  heat  for  an  equal  continuance  ;  as  fufficiently  appears  from  the  works  of 

glafs-men,  forgers,  and  founders  of  metals,  ific. - Now  the  way  to  to  the  nature 

guide  and  moderate  the  fire,  is  firft  by  making  choice  of  fuch  among  oftbefewd . 
the  fewels  above  rehearfed,  as  is  fit  for  railing  the  requifite  degree  of 

fire.  Alcohol  affords  a  very  feeble  but  equable  flame,  which  may  eafily 
be  guided  by  the  lighting  a  greater  or  lefs  number  of  wieks  :  for  the  re¬ 
quifite  degree  of  fire  being  fettled,  there  remains  nothing  but  to  light  a 
lamp  furnifhed  with  a  fufficient  number  of  wieks  to  raife  the  thermometer 
to  the  degree  defired.  After  alcohol  follow  other  light,  porous,  and  fpon- 
gy  fewels,  as  hay,  ftraw,  rufhes,  dried  leaves,  hair,  feathers,  faw-duft, 
barks,  chaff,  bran,  &V.  and  after  thefe,  oils,  tallow,  wax,  camphire,  pitch, 
rofin,  fulphur,  and.  other  combuftibles  prepared  from  thefe  -,  then  the  thick 
hard  heavy  woods,  not  over  dry,  and  the  coals  made  from  thence-,  and  laftly, 
red-hot  metals  and  pit- coal. 

10.  A  different  degree  of  fire  may  alfo  be  raifed,  from  the  lo weft  to  And  its  mean- 
the  higheft,  by  the  quantity  of  the  fcwel  applied ;  fince  if  a  great  heap  of  tity. 
this  be  thrown  on  and  kindled  together,  the  fire  produced  thereby  will  be 
proportionably  greater  and  ftronger  ;  it  being  a  rule  here,  as  every  where, 
that  vis  unila  fortior. 

n.  The  degree  of  heat  produced,  alfo  differs,  with  regard  to  the  objeft  And  difanci, 
to  be  changed,  according  to  the  diftance  at  which  the  fire  is  applied  to  it, 
by  reafon  the  heat  neceffarily  diminifhes  as  that  diftance  is  greater.  Some 
philofophers  have  imagin’d,  that  this  diverfity  might  be  reduced  to  a 
Ample  law  as  holding  that  the  powers  of  corporeal  qualities  decreafe  in  a 
reciprocal  ratio  of  the  fquares  of  the  diftance,  from  the  centre  of  the  body 
which  exerts  fuch  quality-,  and  accordingly,  that  at  a  double  diftance  from, 
the  fire  its  power  will  be  four  times  lefs.  But  to  admit  this  for  a  rule,  we 

fhould 
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fhould  firft  be  certain  whether  the  fire  itfelf,  when  colledted  into  lefs  fpace* 
does  not  acquire  fome  new  powers,  which  do  not  depend  on  the  mere  num¬ 
ber  of  the  fiery  particles,  but  on  fome  other  power  arifing  from  their  clofer 
contact.  If  this  be  confidered,  we  fhall  find  it  true,  that  the  nearer  the 
fire,  the  greater  always  the  heat ;  but  that  the  law  of  fuch  increafe  or  de- 
creafe  is  very  different  from  the  general  one  firft  laid  down  ;  fince  in  mak¬ 
ing  experiments  with  care,  we  find  a  fudaen  great  diminution  of  the  force 
of  fire  at  a  very  fmall  difiance  from  the  body  that  emits  it,  which  diminu¬ 
tion  increafes,  the  further  we  recede  from  the  fire,  tho’  not  in  the  fame, 
but  a  lefs  proportion.  From  whence  it  appears  probable,  that  the  particles 
of  fire,  befides  that  power  which  they  have  in  adling  on  any  other  bodies, 
have  fome  other  power,  arifing  from  a  relative  motion  produced  by  their 
being  very  near  each  other.  For  as  Grimaldi  and  Sir  Ijaa.c  Ncwtcn  have 
obferved,  that  the  particles  of  fire,  when  ready  to  ftrike  againfi  opake  re- 
fledting  bodies,  acquire  new  motions  by  the  vicinity  of  fuch  bodies  ;  thofe 
particles  may  perhaps  acquire  fomething  of  the  fame  kind  by  their  vici¬ 
nity  to  each  other  :  but  of  this  matter  we  have  fpoke  more  fully  above. 

12.  Laftly,  the  degree  of  fire  may  be  modified  by  fhaking,  ftirring,  and 
compreffmg  its  fewel,  or  the  airy  vault  furrounding  it :  Thefe  make  a  great 
increafe  in  the  violence  of  fire,  and  the  greater  as  they  are  fironger,  pro¬ 
vided  the  vault  be  not  deftroyed  by  them,  as  we  have  above  explaiifd  : 
and  fince  we  have  no  more  commodious  and  cogent  way  of  producing  this 
agitation  and  comprefiion  than  by  blowing,  or  driving  a  fiream  of  air  upon 
the  fire,  bellows  hence  become  of  extraordinary  ufe  to  prefs  the  air  clofer 
againfi  the  furface  of  the  fire,  and  hereby  fhake  the  fire  compreffed  under 
it  ;  as  has  been  already  fhewn  in  fpeaking  of  this  aerial  vault  around  a 
kindled  fire:  where  we  likewife  obferved,  that  if  the  blafts  of  a  great  num¬ 
ber  of  forcible  bellows  were  diredted  from  different  parts  of  the  circum¬ 
ference,  around  a  fire  to  the  fame  point  in  it,  its  power  would  be  diredted 
with  Hill  greater  violence  upon  an  objedt  placed  in  fuch  point,  and  con- 
fiquently  make  a  greater  alteration  therein  :  this  artifice  is  accordingly 
ufed  by  refiners  and  affayers,  when  they  require  the  higheft  degree  of  fire. 

13.  To  thefe  may*  be  added,  a  fifth  method  of  ordering  the  degree  of 
fire  ;  viz.  by  means  of  the  arched  figure  of  the  furnace,  difpofed  to  refledt 
the  fire,  and  colledt  it  into  a  given  place  of  the  focus  (0). 

14.  To  fay  no  more  ;  if  the  five  above-mentioned  helps  be  applied 
at  the  fame  time,  we  fhall  have  the  greateft  poffible  degree  of  vulgar  fire. 

1 5.  Thefe  are  the  chief  matters  which  I  had  to  deliver  concerning  the 
the  Joanne  of  naturai  hiftory  of  fire,  as  it  is  concerned  in  chemiftry.  They  have  coft  me 

indeed  much  labour ;  to  what  purpofe  I  muff  leave  to  others  :  but  thus 
much  I  think  I  have  fuliy  fhewn  may  fafely  be  inferred  hence,  that  a  fire 
of  the  fame  definite  fewel,  degree,  and  manner  of  application  will  always 
have  the  fame  effedt,  on  the  fame  objedt,  whether  it  be  to  feparate  or 
combine ;  and  that  unlefs  thofe  conditions  be  firft  accurately  affign’d,  no¬ 
thing  certain  can  be  concluded  concerning  the  adtion  of  fire  on  bodies  ; 
confequently,  that  in  defcribing  chemical  operations,  the  greateft  care  muft 

always 
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always  be  taken  to  be  very  precife  oft  thofe  heads,  which  accordingly  we  have 
been  very  follicitoos  to  do  thro*  the  courfe  of  this  chapter.  By  fuch  means 
might  the  art  of  chemiftry  be  reduced  into  a  fcience  equally  certain  and 
regular  with  others.  The  degree  of  fire,  then,  is  always  to  be  expreffed, 
as  alfo  the  fucceffion  of  degrees,  the  fewel  it  is  fupported  by,  with  the 
weight  of  the  atmofphere,  its  warmth,  motion,  wind,  or  blaft  ;  and  laftly, 
the  objedt  itfelf :  this  will  prevent  a  perfon  being  led  into  error,  who  lhall 
undertake  to  imitate  the  fame 

1 6.  To  the  whole,  we  may  add  a  few  circumftances  relating  to  the  nature  Additional 
of  fire;  as  that  fire  does  not  want  air,  nitre,  fewel,  fulphur,  or  any  other  articles  to  the 
body.  The  true  naphtha  catches  fire  the  eafieft  of  all  known  bodies,  at  a  hiPry  °f  firt° 
confiderable  diftance  from  the  flame  :  and  the  like  holds  of  the  purefi: 
petroleum  (p).  Bodies  fmear’d  with  this  liquor  of  naphtha,  and  then 
kindled  and  thrown  under  water,  continue  ftill  to  bufn  (q'.  Naphtha 
will  kindle  by  the  flame  of  a  candle,  even  placed  in  a  lanthorn,  and  thus  ex¬ 
cluded  from  any  contadl  with  it  (r).  Gun-powder  being  enclofed  in  a  ma¬ 
chine,  which  water  could  not  penetrate,  and  a  clock  enclofed  together 
with  it,  which  fhould  at  a  certain  time,  by  ftriking  a  flint  againft  a  fteel,  fet 
fire  to  the  powder,  and  the  whole  being  let  down  to  the  bottom  of  the  fea,  the 
powder  was  accordingly  kindled  there,  a  great  rumbling  noife  heard,  and 
a  thick  fmoke  raifed  from  the  fame,  but  no  flame  (j)  :  An  experiment  very 
confiderable,  and  which  may  afford  matter  of  much  {peculation.  Sibbald 
relates  fomething  ftill  more  fingular  concerning  the  lake  Strath-Frith ,  wTofe 
water  never  freezes,  even- in  the  fevereft  cold,  before  the  month  of  Fe¬ 
bruary  ;  but  often  afterwards,  even  with  a  fingle  night’s  froft,  will  be  co¬ 
ver’d  with  a  ftrong  ice(/).  This  feemfs  to  argue, -that  as  the  heat  increafes  in 
one  place,  it  increafes  the  cold  proportionally  in  another ;  which  is  fur¬ 
ther  confirmed  from  a  remarkable  obfervation  of  a  little  brook  which  never 
freezes,  even  in  the  coldeft  feafon  (u).  And  the  fame- is  ftill  further  con¬ 
firmed,  from  what  is  related  by  the  Abbot  Boijjot  and  du  Hamel  (x)  ;  viA. 
that  about  five  leagues  diftant  from  Vefuntion  in  France ,  there  is  a  cave'  three 
hundred  paces  deep,  which,  in  a  hot  feafon,  yields  more  ice  in  one  day’s 
time,  than  the  carts  and  mules  can  carry  off  in  eight  days;  being  often  found 
to  rife  to  four  feet  thicknefs-,  whilft  in  the  winter-time  it  fhows  only  a  thick 
vapour,  with  a  rivulet  running  in  the  middle;- which  rivulet  is  always  frozen 
in  fummer.  When  the  vapour  appears  in  this  cave,  it  is  looked  on  as  a 
certain  prognoftic  of  rain  fpeedily  to  enfue.  So  we  find  in  green-houfes 
and  ftoves,  where  plants  are  kept  in  winter,  that  the  more  the  heat  isincreafed 
in  fome  places,  the  more  fevere  is  the  cold  in  others,  where  the  fire  cannot 
reach.  So  in  the  fmelting-houfes  for  iron  and  fmiths  forges,  the  more  vio¬ 
lently  the -fire  burns  ,  the  greater  cold  is  found  in  the  adjacent  places. 

*7- 


{p)  J oum  des  Scrv.  1675.  P •  55- 
(?)  Joum.  des  Sca<v,  16S3.  p.  104. 

(r)  Philo f  TranfaSt.  100.  p.  188. 

( s )  Sinclair,  de  Aer.  Gravitat.  p.  301. 
(/)  Scot.  IJluJlrat . 


(w)  Philof.  fr  an  fa  El.  N®.  5  6,  p.  1 139-  A- 
bridged.  V.  II.  p.  335. 

(v)  See  fourn.  Scan;.  1 686.  p.  336-  Scllifl? 
Acad.  Scient.  p.  257. 


C  C  C 


37®  7$<?  Tbtory  of  Chemistry. 

t  Qmlnfw.  ij.  Thus  much  for  the  nature  pf  that  wonderful  caufe,  which  the  Creator 
has  lodged  in.  the  vmiverfe,  with  a  power  pf  exciting  fuch  motions  in  bodies, 
gs  are,  negelTary  for  effe$ing  thofe  great  alterations,  every  where  found 
,  throughout  the  world.  I  here  leave  the  matter,  after  having  examin’d  it 
with  my  utmpft  endeavours,  to  be  further  purfued  by  others.  There  are 
infinite  things  hill  remaining  to  be  difcovered  in  it,  which  may  afford  room 
for  fagacity  and  beneficence  to  find  out  and  impart  to  mankind,  in  order 
to  enable  them  more  fully  to  underhand  and  adore  tfip  power  and  wifdoip  of 
the  Creator?  from  a  elegrer  yiew  of  his  works. 
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%.  U  R  next  ftep  is  to  treat  of  air,  whofe  a<5tion  and  concurrence  Air,  howu  to 

are  ufed  in  moft  of  the  operations,  both  of  nature  and  art ;  con-  \e  enquired 
fequently  its  properties  and  powers  are  to  be  thoroughly  under-  int°' 

Rood,  in  order  to  a  knowledge  of  the  manner  wherein  phyfical  alterations 
are  made.  But  as  this  is  more  compound  than  fire  itfelf,  its  nature  accor¬ 
dingly  becomes  more  difficult  to  inveftigate  *,  fo  that  to  get  an  infight  into 
its  hidden  properties,  we  muft  fet  out  as  if  we  were  utterly  ignorant  of  it ; 
and  proceed  with  the  fame  caution  as  we  have  already  done  in  the  difeovery 

of  fire. - By  air,  then,  we  mean  a  fluid  fcarcely  perceivable  by  our  fenfes, 

and  which  only  difeovers  itfelf  by  the  refiftance  it  makes  to  the  velocity  of 
moving  bodies  •,  or  by  its  own  vehement  motion  againft  other  bodies,  called 
wind  (y).  This  we  find  by  experiments  is  every  where  incumbent  over  the 

furface. 


(y)  Mr.  Boyle  Conj.&rfes  the  atmofpherical 
air  to  confift  of  three  different  kinds  of  cor- 
pufcles :  the  firft,  thofe  numberlefs  particles, 
which,  in  the  form  of  vapours,  or  dry  exha¬ 
lations,  afeend  from  the  earth,  water,  mine¬ 
rals,  vegetables,  animals,  l$c.  in  a  word, 
whatever  fubftances  are  elevated  by  the  cele- 
ftial,  or  fubterraneal  heat,  .and  thence  diffufed 
into  the  atmofphere.  The  fecond  may  be  yet 
more  fubtile,  and  confift  of  thofe  exceedingly 
minute  atoms,  the  magnetical  effluvia  of  the 
earth,  with  other  innumerable  particles  fent 
from  the  bodies  of  the  celeftial  luminaries,  and 
caufing,  by  their  impulfe,  the  idea  of  light  in 
us.  The  third  fort  is  its  charafteriftic  and 
effential  property,  we  mean  permanently  elaftic 
parts  *. 

The  fame  author  gives  us  feveral  experi¬ 
ments  and  methods  for  the  production  p£«ir  ;  * 
taking  the  word  production  for  the  obtaining 
a  fenfible  quantity  of  that  fluid  from  bodies 
wherein  it  did  not  before  appear  either  at  all,  '• 
or  in  fo  great  plenty  j  though  perhaps  fome 
of  his  experiments  may  argue  a  new  and  real 
production  of  air  in  th'e  ftriCter  fenfe  of  the 
word. 

*  Among  the  feveral  ways  of  producing  air, 

*  the  fitteft  for  practice  feem  to  be  fermen- 

*  tation,  corrofion,  and  the  diffolution  of  bo- 

*  dies,  by  the  boiling  of  water  and  other  li- 

*  quors  ;  by  the  mutual  aCtion  of  bodies  upon 

*  one  another,  efpecially  (aline  ones ;  and 
'  laftly,  by  analyzing  and  revolving .  certain 

*  fubftances  f . 

*  Boyle  Abr.  Vol.  HI.  p.  l6,  17,. 

(j  Optics,  p.  3 17.; 


*  I  have  found  that  various,  folid;  and  mi- 

*  neral  bodies,  unfufpeCted  of  elafticity,  being 
‘  plunged  in  corrofive  unelaftical  menftrua, 

‘  will,  upon  a  proper  comminution  of  their 
‘  parts,  afford,  in  the  conflict,  a  confiderable 

*  quantity  of  permanently  elaftic  air 

Sir  If.  Newton  ftiews  that  gunpowder  gen*-  - 
rates  air  ;  i.  e.  by  explofion  it  goes  off  in  a 
flaming  fmoke,  or  red-hot  exhalation,  confift- 
ing  chiefly  of  the  fpirit  of  nitre,  ratified  by  the 
accenfion  of  the  fulphur-  and  charcoal,  and 
driven  off  much  after  the  manner  of  water  out 
of  an  eolipilej  the  volatile  fulphur,  at  the  1 
fame  time,  and  the  fixed  body  of  nitre,  join¬ 
ing  with  it,  and  increafing  the  efteft  ||. 

Som»  'of  the  later  authors  divide  air  into 
tranfient  or  apparent,  and  permanent  or  real : 
for  that  all  which  appears  to  be  air,  does  not 
continue  fuch,  is  evident  hence,  that  if  an 
eolipile  of  water  be  fufficiently  heated,  and 
fuffered  to  expel  the  particles  of  air  by  its  a- 
queous  vapour ;  this  will  afterwards  be  forcibly 
driven  out  in  a  large  quantity,  like  the  blaftdf 
a  pair  of  bellows,  and  occafion  a  fharp,  whitt¬ 
ling  noife  againft  the  edge  of  a  knife  conve¬ 
niently  held  thereto  :  yet  fuch  a  vapour,  tho’ 
whilft  the  motion  laft  it  refembles  air,  foon 
lofes  that  refemblance  ;  efpecially  in  the  cold  j  - 
and  returns,  by  condenfation,  to  its  original 
water. 

‘  Various  hypothefes  may  be  framed  re-  - 
‘  lating  to  the  ftruCture  of  the  particles  of 

*  air.  They  might  be  refembled  to  the 

*  fprings  of  watches,  coiled  up  artd  endea- 

C  c  c  2  *  vQuring  a 
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. furface  of  our  earth:  In  this  mankind  live  ;  this  they  continually  breathe,  and 
are  necefliirily  every  moment  infpiring  and  exfpiring  to  fuppoit  life.*,  fo  that 
all  alTiftances  of  art,  exclufive  or  the  help  of  air,  would  be  of  no  ufe  to  its 
prefer  vation  (z). 

2. 


*  vourlng  to  reftore  tKentfelves  ;  to  flocks  oT 

*  wool,  which  being  compreflcd,  have  an  e!a- 
‘  flic  force  ;  to  {lender  wires,  of  different  fub- 

*  flances,  confiftences,  lengths,  and  thicknefs, 

*  in  greater  curls,  or  leis,  near  to  or  re- 
■  ‘  moter  from  each  other,  iff c.  yet  all  conti- 

*  -nuing  fpringy,  expanfibfe,  and  eompreffible. 

'  Laftly,  they. may  alio  be  compared  to  the 
‘  .  thin  {havings  of  different  ..kinds  of  wood, 

*  various  in  their  lengths,  breadth,  and.thick- 

*  -nefs  *.’ 

(a;)  In  an  exprefs  treatife  on  the  whole fo?ne- 
nefs  and  unit,  loolefomenefs  of  the  air,  Mr.  Boyle 
makes  appear,  that  it  depends  principally  on  the 
impregnation  the  air  receives  from  fubterraneal 
effluvia,  a  caufe  generally  overlook’d  by  phyli- 
cians;  of  which  he  diftinguiffies  diverfe.  kinds, 
viz.  ordinary ,  which  are  almoft  conftantly 
fending  up  ;  extraordinary,  which  rife  but  at 
certain  times.  Thefe,  again,  if  they  come  at 
{fated  feafons,  he  calls  periodical-,  if  uncertainly, 
fortuitous  or  irregular. 

Ip  the  general,  tho’  the  wholefomenefs  of 
the  air  in  fome  places  may  be  chiefly  due  to  the 
vvholefome  expirations  of  fubterraneal  bodies ; 
yet  is  the  air  depraved  in  far  more  places  than 
it  is  improved,  by  being  impregnated  with 
mineral  expirations.  Indeed,  among  the  mi¬ 
nerals  known  to  us,  there  are  many  more 
noxious  than  vvholefome ;  and  the  power  of  the 
former  to  do  mifchief  is  more  efficacious  than 
of  the  latter  to  do  good  ;  as  we  may  guefs  by 
the  fmall  benefit  men  receive  in  point  of  health, 
by  the  effiuvia  of  any  mineral,  or  qther  known 
foffil,  in  comparifon  of  the  great  and  bidden 
damage  that  is  often  done  by  the  expirations 
of  orpiment,  fandrac,  and  white  arfenic. 

Among  the  various  forts  of  particles  where¬ 
with  the  atmofphere  is  replete,  fome,  he  ffiews, 
may  be  fo  fmall  and  folid,  or  fo  conveniently 
ihaped,  as  to  enter  many  of  the  numerous  ori¬ 
fices  of  the  minute  glandules  of  the  {kin,  or 
at  other  pores  thereof.  Thus,  tho’  neither  pa¬ 
per,  nor  a  bladder,  be  pervious  to  the  elaflic 
parts  of  the  air  ;  yet  jnay  either  of  them  be 
eaflly  penetrated  by  other  corpufcles  of  the  at- 
mo{ph.ere  and  that  excellent  author  has  pre¬ 
pared  a  dry  body,  which  being  iflclofed  in 
either,  would,  without  wetting  or  difcolouring, 
or  any  way  fenfibly  altering  them,  pafs  in  a 
trice  thro’  the  pores  thereof,  in  fuch  plenty  as 

**  Boyle  Abr.  Vol.  III.  p.  17,  21,  iffc.‘ 


to  exert,  a  manifeft  operation  on  bodies  placed 
at  fome  diflnnce  therefrom. 

This  is  confirmed  from  the  fudden  check 
almoft  every  fummer  given  to  the  plague  at 
Grand  Cairo  :  for,  fince  morbific  caufes  ope¬ 
rate  more  effectually  than  curative  ones  ;  it 
feems  more  than  probable,  that  exhalations  af- 
cending  from  under  ground,  may  produce  pef- 
tilential  fevers,  and  the  plague  itlelf ;  fince  the 
■xorpufcles  which  impregnate  the  Egyptian  air 
upon  the ‘fvvelling  of  the  'Nile,  put  *  fpeedy 
flop  not  only  to  the  contagion,  but  to  the 
malignity  of  the  plague,  affilted  evfcn  by  the 
fummer’s  heat,  which  there  is  exceffive. 

’Tis  very  probable,  that  moll  of  the  dif- 
eafes,  which  even  phyficians  call  new,  arc 
caufed  either  principally  or  fecondarily,  by 
fubterraneal  fleams. 

Indeed,  there  may  be  noxious  minerals  in  a 
country,  without  being  often  able  to  produce 
peflilences :  they  may  lie  in  beds  lo  deep,  that 
even  a. fmall  earthquake  {hall  not  reach  fo  far 
downwards  as  to  affedt  them  j  tho’  a  more  vio¬ 
lent  fliock  may.  And  hence  we  may  account 
for  the  plague’s  raging  in  fome  parts  of  Africa , 
once  in  thirty,  or  once  in  a  hundred  years  j 
fince  there  may  be  periodical  paroxyfms,  or 
grand  and  vehement  commotions  in  fubterra¬ 
neal  parts,  tho’  not  yet  obferved  in  them.  A 
late  judicious  French  hiftorian  records,  that  a 
very  pernicious  difeafe,  of  the  nature  of  a 
cholic,  reign’d  in  France  every  tenth  year,  for 
feventy  years  together. 

Mezeray  relates,  *  That  the  great  plague, 
‘  which  happen’d  in  France  in  the  year  1  346, 

*  and  which  was  fo  contagious  that  fcarce  a 
‘  village,  or  even  an  houfe,  efcaped  uninfedled, 
‘  hegan,  two  years  before,  in  the  kingdom 

*  of  Cathay,  by  a  vapour  moll  horribly  fetid, 
‘  and  breaking  out  of  the  earth,  like  a  kind 
‘  of  fubterraneal  fire  j  which  confumed  and 
■*  devoured  above  two  hundred  leagues  of  that 
‘  country,  even  to  the  very  trees  and  ftones ; 
‘  and  infedted  the  air  in  a  wonderful  manner.* 
He  adds,  *  that  from  Cathay  it  paffed  into 
‘  Afa  and  Greece,  thence  into  Afric,  and  af- 
‘  terwards  into  Europe,  which  it  ranfacked 

*  throughout  f.’ 

And  not  only  plagues,  but  moft  new,  con¬ 
tagious,  and  epidemical  difeafes,Mr.  Boy  /stakes 
to  arife  from  fubterraneous  caufes.  He  in- 

ftances 

4-  Hif.  de  France. 
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•  2.  If  v/e  trace  the  order  of  nature,  it  tvill  be  found,  that  this  air  is  an  An  almeft u- 
univerfal,  neceftary,  and  moil:  efficacious  inftrument,  which  nature  is  per-  niCVSrfa^ 
petually  applying  in  aimoft  all  her  works  *,  for  in  this  all  the  fpecies  of  bodies  a^eh  ' 
are  placed  ;  in  this  they  perform  their  motions,  and  exert  the  feveral  actions, 
which  arife  either  from  the  proper  and  peculiar  nature  arid  powers  of  each,  or 
from  the  mutual  relative  powers  between  them.  Nay,  it  will  hereafter  be 
fhewn  from  experiments,  that  there  k  fcarce  any  fluid,  with  whofe  particles 
air  is  not  mixed/,  or  any  folid,  from  whence  air  may  not  be  extracted  by 
art  •,  lb  that  it  would  be  very  difficult  to  affign  any  known  operation  of  nature, 
which  is  performed  without  air,  excepting,  perhaps,  thofe  of  magnetifm, 
gravity,  and  the  particular  attraction  and  repulfion  between  the  particles  of 
bodies,  which  feem  capable  of  being  performed  without  air  ;  but  for  all  the 
reft,  this  inftrument  is  indifpenfabi'y  neceffiary  :  and  for  the  operations  of 
chemiftry  they  are  all  performed  in  air,  without  one  exception  that  I  know 
of*,  unlefs  alchemifts  imagine,  that  the  matter  of  the  philofophers  ftone,  duly 
prepared,  and  carefully  inclofed  in  the  philofophical  egg,  is  to  be  deftitute 
of  all  crude  air,  and  fucceeds  better  in  vacuo-  than  in  the  air  itfelf:  it  being  a 
conftant  principle  among  them  all,  that  nothing  is  a  greater  impediment  to 
the  maturation  of  this  wonderful  work  than  crude  air  *,  but  this  probably  is 
rather  to  be  underftood  of  the  other  ingredients  mixed  with  air  than  qf  the 
pure  element  itfelf.  ’Tis  certain  that  fire,  which  moves  all  things,  can 
lcarce  be  collected,  preferred,  directed,  heighten’d,  or  abated  without  air  *,  Animates  fire.. 
and  confequently  if  air  be  neceftary  to  fire,  it  is  alfo  neceffiary  to  all  the 
works  performed  by  it;  fince  without  air,  fire  ceafes  to  operate,  nor  can 
be  applied  at  all :  where,  by  fire  I  mean  that  kindled  and  preferved  by  a 
proper  fewel,  which  is  that  ufed  both  by  art  and  nature  in  raoft  of  their 
works  ;  and  for  which,  we  have  already  fhewn,  by  a  great  variety  of  argu¬ 
ments,  that  fire  is  abfolutely  required  (b). 


Ranees  a  great  cold,  which,  in  one  day  or  two,, 
invaded  multitudes  in  the  fame  city,  with 
violent  and  fatal  fymptoms^  when  yet,'  he 
could  fee  no  room  to  judge,  that  the  bare 
coldnefs  of  the  air  could  fo  fuddenly  produce 
a  difeafe  fo  epidemical  and  hurtful ;  and  it 
appear’d  more  probable,  that  the  caufe  came 
from  under  ground,  becaufe  it  began  with  a 
very  troublefome  fog. 

Peculiar  kinds  of  venomous  exhalations,  ’tis 
probable,  may  fometimes  be  emitted ;  efpecially 
after  earthquakes;  and  thus  occafion  mortal  dif- 
eafes  in  animals  of  one  kind,  and  not  of  an¬ 
other  ;  and  in  this  or  that  place,  and  not ,^lfe- 
where.  Fernelius  gives  us  an  account  of  .a 
plague  or  murrain  in  1514,  which  invaded 
none  .but  cats.  Dionyfius  Fialicarnajfi-eus  men¬ 
tions  a  plague  which  attacked  none  but  maids : 
and  that  which  raged  in  the  time  of  G&ntilis 
killed  fcarce  any  women,  and  very  few  but  lulty 
men.  Botcrus  mentions  another  great  plague 
which  aflauhed  none  but  -  -'ounger  fort  : 


and  we  have  indances  of  the  fame  kind  of  a 
later  ftanding.  Cardan  fpeaks  of  a  plague  at 
Bafil ,  with  which  the  Sivit-zers.,  and  not  the 
Italians ,  Germans,,  or  French,  were  infedled  : 
and  Job.  Utenhonjius  takes  notice  of  a  cruel 
plague  at  .Copenhagen  ;  which,  tho1  it  raged 
among  the  Danes.,  fpared  the  Germans,  Dutch, 
and  Englijh,  who  went  with  all  freedom,  and 
without  the  lead  danger,  to  the  houfes  of  the 
infolded  *. 

( a )  We  are  extremely  apt  to;be  too  .preci¬ 
pitate  in  our  conclufions ;  after  having  learnt 
a  few  of  the  properties  of  .a  body,  vve  think 
we  have  got  all,  and  impofe  it  on  ourfelves 
to  account  for  all  the  phenomena  and  eftedls 
thereof,  how  various  foever,  fronj  what  vve  do 
know.  Hence  innumerable  crude,  conjlrained 
folufions.  No  body  appears  to  have  been  more 
on  his  guard,  in  this  refpeft,  than  Mr.  Boyle :  he 
favv  abundance  of  .efFcdls  from  air,  which  did 
rot  appear  to  have  any  dependance  on  the 
known  mechanical  properties  thereof  ;  and  on 

this 
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3.  If  we  examine  the  moft  univerfol  fpecies  or  clafles  of  bodies,  it  is  eviv 
dent  they  every  where  require  air,  in  order  to  live,  grow,  thrive,  and  a<5t  5- 
for  if  life  in  thefe  be  only  a  motion  01  their  fevetul  humours  through  their 
proper- veflels,  a  converting  of  other  matters  by  feme  inherent  power  into 
their  own  nature,  oratleaft  the  appofition  of  fuch  matters  to  their  own  mafs, 
from  whence  arifes  an  increafe  of  their  magnitude  :  it  does  not  appear  that 
any  one  of  thefe  can  ever  be  effe&ed  without  the  continual  aeftion  and  af- 
Jfiftance  of  the  air. 

4.  The  chemifts  will  perhaps  wonder  to  hear  me  alledge  air  as  neceflary 
in  the  ceconomy  of  foffils,  whofe  great  fimplicity  of  matter  feems  only  to  re¬ 
quire  the  atftion  of  fire  to  enable  them  to  ad,  or  undergo  every  thing  that  be¬ 
longs  to  this  fpecies  of  things  ;  but  the  fkilful  enquirers  into  nature  have" 
long  ago  difeovered  that  folfils,  even  in  the  deepeft  mines,  generate,  mul¬ 
tiply,  and  are  driven  upwards  *,  all  which  is  performed  by  fome  peculiar 
power  of  the  fubterraneous  fire  :  but  then  it  is  alfo  evident,  that  fuch 
fubterraneous  fire,  as  perpetual  as  it  is,  is  only  retained,  colleded,  and 
applied  in  fuch  places  by  means  of  air.  It  may  be  worth  while  to  fet 
this  matter  ,  in  a  clearer  light,  in  regard  it  has  not  hitherto  been  wellftated. 
Air,  which  is  fluid,  heavy, .  elaftic,  -  denfe,  in  proportion  to  the  weight 
wherewith  it  is  compreffed,  ads  more  ftrongly  by  the  fame  fire,  in  propor¬ 
tion  to  the  denfity  it  has  acquired  ;  ■  expands  in  proportion  as  it  is  freed  from 
the  compreflion  ot  weights  s  and  rarifies  in  proportion  to  the  fire  which  ads 
on  it  1  This  air,  we  fay,  infinuates  into  all  bodies,  penetrates  into  the  very 
bowels  of  the  earth,  and  more  efpeeiaily -exerts  all  its  powers  -  towards  the 

centre 

*  way,  without  any  fenfible  fmoke  ;  and  this 
4  without  any  wieck  at  all.’-' 

Again, — ‘  It  Teems  furprizing  what  fhould 
‘  be  in  the  air,  which  enabling,  it  to  keep 

*  flame  alive,  does  yet,  by  being  confumed  or 
‘  removed,  To  Tuddenly  render  the  air  unfit  tp 

*  preTerve  flame.  It  fhould  Teem,  by  the  fud- 

*  den  waiting  or  fpoiling  of  this  fine  fubftance, 

‘  whatever  it  be,  that,  the  bulk  of  it  is  but 

*  very  fniall,  in  proportion  to  the  air.  it  im- 
‘  pregnates  with  its  virtue  ;  for  after  the  ex- 
‘  tindtion  of  the  flame,  the  air  in  the  receiver 
‘  was  not  vilibly  alter’d,  and,  for  aught  I 

*  could  perceive,  by  feveral  ways  of  judging, 

4  the  air  retained  either  all,  or  the  greateft 
‘  part  of  its  elafticity  3  which  I  take  to  be  its 
‘  moft  genuine,  and  diftinguifhing  property. 

‘  This  undeltroyed  fpringinefs  of  the  air, 

‘  with  the  necefiity  of  frelh  ail-  to  the  life  of 
‘  hot  animals,  fuggefts  a  great  fufpicion  of 
‘  fome  vital  fubltance,  if  1  may  fo  call  it, 

‘  diffufed  through  the  air,  whether  it  be  a 
‘  volatile  nitre,  .or  rather  fome  anonymous 
‘  fubftance,  fldereal  or  fubterraneal  ;  tho’  not  ' 

*  improbably  of  kin  to  that  which  feems  fo  ne- 

*  Ceffary  to  t  he  maintenance -of  other  flames-  */ 


this  view  compofed  that  excellent  piece  of 
Sufficients  about  fome  hidden  qualities  of  the 
fir.  4  The  difficulty,  fays  he,  we  find  in 
‘  keeping  flame  and  fire  alive,  tho’  but  for  a 
4  Jittle  time,  without-  air,  renders  it?  fufpi."’ 
‘  cious,  that  there  may  be  difperfed  through 

*  the  atmofphere,  fome  odd'  fubftances,  either 
4  of  a  folar,  aftral,  or  fubterraneous  nature  ; 
•*  on  account  where.of,  the  air  is  fo  necefiary 
4  to  the  fubfiftance  of  flame.  And  this  ne- 

*  ceffity  1  have  found  to  be  more  confide- 

*  rable,  and  lefs  dependant  upon-  the  manifeft 
4  attributes  of  the  air,  than  is  ufually  ob- 
‘  ferved  j  for  by  trials  purpofely  made,  it  has 

*  appeared  that  a  fniall  flame  of  a  lamp,  tho’ 
4  fed  perhaps  with  a  fubtile  thin  oil,  would, 

*  in  a  large  receiver,  expire  for  want  of  air, 
‘  in  a  far  lefs  time  than  one  would  believe. 

*  And  it  will  not  much  lefTcn.  the^difticuity  to 

*  aliedge,  that-either  the  grofs  fuliginous  fmoke 

*  'in  a  large  veflel,  ftifled  the  flame  ;  or  that 
4  the.preflure  of  the!  air  is  requifite  to  impel 

*  up  the -aliment  into  the  v/keks  j  for  to  o’o- 
4  viate  thde -objetftions,  it  may  be  obferved, 
"  that  the  experiment  holds  of  fpirit  of  wine, 

*  which,  in  the.  open  air,  will  burn  quite  a-- 

*‘  Mr.  Vol.  p;  7^  .&  fe<K- 
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.-centre  thereof :  Hence  then  it  will  always  acft  more  violently  in- the  earth,  iu 
proportion  as  it  is  deeper  and  denier,  and  more  agitated  by  the  fire,  more 
plentifully  collected  by  this  attrition  of  the  air  ;  and  thus  becomes  the  phy* 
fical  caufe  of  the  ftrong  compreflion,  attrition,  purification,  and  collection  .of 
homogeneous  matters  •,  whence  it  is,  that  the  foflils  here  produced  are  en¬ 
dued  with  the  like  nature.  Nothing  of  this,  therefore,  could  be  effected 
without  air  •,  and  hence  we  have  a  probable  reafon  why  thofe  bodies  are 
only  generated  there-:  but  .of  this  we  fhall  have  occafion  to  fpeak  hereafter  \ 
all  we  here  intend  to  fhew  is,  that  the  prefence  and  active  power  of  air  are 
neceflary  in  all  the  operation*  of  nature. 

5.  Nor  need  we  expatiate  on  the  power  of  air  upon  vegetables  and  plants ;  Jts  ”*'*&%  *• 
it  being  known,  by  the  moft  acurate  modem  experiments,  that  no  eggs  of  offals'** 
animals,  or  feeds  of  vegetables,  however  mature  and  prolific,  will,  if*  kept  J 
without  air,  ever  breed  ox  produce  their  embryo’s,  even  though  they  be 
cherifhed  with  the  proper  brooding  heat.  Thus  even  the  fmalleft  plants, 

for  inftance  mo.fTes  and  weeds  floating  on  water,  immediately  die  in  a  place 
where  there  is  no  air,  or  even  whemthe  air  ftagnates,  and  is  at  reft :  and 
the  fame  holds  true  of  all  animals,  even  the  minuteft  infect :  fo  great  is  the 
.  dominion  of  the  air  over  all  things. 

6.  An  exact  knowledge  of  the  air,  therefore,  comprehending  its  active  Its  knowledge 
properties,  is  abfolutely  neceflary,  both  to  a  chemift,  a  phyfician,  and  a  rece£dry. 
philofopher,  in  order  to  underftand  the  productions  both  of  art  and  nature.; 

one  of  the  chief  caufes  and  agents  wherein  is  fome  innate  property  of  -air, 
no  where  elfe  exifting. 

7.  In  the  mean  while,  there  is  not  perhaps'any  body  more  difficult  to  be  Hse  difficulty 
perfectly  underftood,  in  regard  it  does  not  of  itfelf,  and  by  its  own  nature,  °f  the  enquiry, 
affect  the  organs  of  our  fenfes,  by  reafon  doubtlefs  of  its  great  fubtility, 

which  .efcapes  the  groflnefs  of  our  nerves ;  fo  that  even  the  moft  perfect 
jnicrofeopes  difeover  nothing  *m  it.  What  renders  it  ftill  more  difficult  to 
underftand,  is,  that  it  contains  within  it  various  kinds  of  other  bodies,  fp 
"that  we  fcarcely  find  any  fluid  in  nature,  compofed  of  fuch  a  variety  of  dif¬ 
ferent  ingredients  ;  and  it  will  be.fhewn  in  the  courfe  of  this  chapter,  that 
.  there  is  fcarce  any  fpecios  of  bodies,  fome  parts  of  which  are  not  found 
floating  in  the  air  ;  gold  itfelf,  though  one  of  the  leaft  volatile,  not  ex¬ 
cepted. 

8.  Hence,  the  more  neceflary  it  will  be  to  examine  all  its  properties  di-  How  to  it 
itinctly  and  feparately,  taking  care  not  to -admit. any  confufion  therein;  and  ^Jpn'd. 
after  eaeh  of  them  has  been  thus  feverally  confidered,  it  ortly  remains  to 
collect  all  the  obfervations  into  one  aggregate,  and  we  fhall  have  a9  juft  a 
knowledge  of  the  nature  of  air,  as  the  fubject  will  admit. 

9.  The  firft  property  which  appears  in  the  confideration  of  air  is  its  flui-  ttxt  air  is 
dity.  This  indeed  is  fo  eflential  to  air,  .that  we  do  not  find  -gny  inftance  flutd% 
wherein  it  was  ever  taken  from  it. 

10.  *Tis  obvious,  that  in  the  keeneft  froft,  when  every  thing  eife  con¬ 
geals,  air  ftill  remains  fluid;  fo  in  a  cold,  40  degrees  greater  than  nature 
ever  made,  the  air  has  been  found  fluid,  though  exceflively  conftringed ; 
and  if  air  be  comprefled  into  the  fmalleft  (pace,  by  the  greateft  power 

or 
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or  weights,  it  hill  remains  equally  fluid,  and  when  the  compreftion  is  abated^, 
returns  to  its  former  fluidity.  Among  a  great  number  of  experiments; 
wherein  1  have  mixed  a  great  variety  ofliquors;.  and  by 'this  means  have 
procured  a  multitude  of  different  co.igulums;  I  have  never  met  with  a  Angle 
in  dance,  which  fhew’d  that  common  air-  might  be  coagulated  into  a  folk! 
niafs.  ’Tis  true,  I  have.fcmetimes  obferved,  upon  viewing  the  air  at  noon 
in  a  cold  clear  day,  a  number  of  little  corpufcles  floating  in  it,  which  fhined 
by  the  fun’s  rays;  and  even  fparkled  by  the  different  reflection  of  thefe  rays, 
as  the  little  furfaces  of  the  corpufcles  happen’d  to  change  their  fituation-* 
but  upon  further  examination,  I  have  found  that  thefe  were  only  little 
giebes  or  maftes,  formed  out  of  pfrticks  of  water  difperfed  in  the  air,  col¬ 
lected  together,  and  as  it  were. frozen  into  the  form  of  a  fubtile  floating  hoar-- 
froft.  So  that  if  Are  be  able  to  cohere  and  confolidate  with  other  bodies,  of 
which  we  have.fpoken  in  the  preceding  chapter,  air  would-be  much  more  tena¬ 
cious  of  its  natural  fluidity  than  fire  itfelf.  ‘  But  to  me  it  rather  feems  probable, 
that  there  are  in  nature  two  fluids,  whofe  particles  never  unite  or  cohere, 
either  with  themfelves,  or  with  anp  other  matters,  fo  as  to  form  an  homo¬ 
geneous  mafs  ;. and  thefe  are*  air  and  fire:  though  it  muft  be  remember’d; 
that  this  fame  air  coheres  with  all  kinds  of  known  bodies,  and  thus  com 
fpires  as  an  element  to  the  compofltion  of  concretes,  as  fufficiently  appeals 
by  the  great  quantity  of  air,  which  arifes -from  al.moft.all  bodies,  when  re- 
iblved  intotheir  elements.  This  the. late  philofophers  call,  though  perhaps 
with  little  propriety,  factitious  air:,  upon  examination  it  appears,  that  this 
air  is  contain’d  in  all  known  fluids,  and  penetrates,  together  with  thefe, 
into  all  the  receffes  of  folids,  fo  as  upon  the  coalition  thereof,  it;  is  flopped 
and  Retained  in  their,  pores,  as  in  fo  many  minute  bubbles*  and  at  lath, 
upon  the  diflipation  of  the  fluid,  wherewith  it  was  at  firft  introduced,  is  left 
alone  :  from  whence  .it  clearly  appears,  that  the  air  here  had  -not  cohered  or 
united  with  the  body*  but  only,  been  detain’d  or  imprifoned  therein  ;  and 
accordingly,  noTooner  does- it  find  a  paflage,  than  it  immediately  flies  out, 
and  refumes  its  former  nature.  This  may  be  further  ihewn  from  the  inftance 
of  common  water,  when  turning  to. ice,  wherein,  a. great  quantity  of  air  is 
lodged,  though  inviflble-  ;  for  .as  loon  as  . the  water  begins  to  cohefe,  aud  its 
parts  become  clofer  applied  to  each  other,,  wanting. the  power' of  fire,  which 
is  necefiaryto  feparate  the  particles  from  each  other.,  and  hinder  them  from 
joining  in  their  mutual  natural  embraces,  the  particles  of  air,*  intercepted 
between  thofe  of  the  water,  are  unable  to  cohere,  but  are  extruded  out  of 
the  pores  of  the  water,  united  with  other  aerial  particles,  and  thus  fepara- 
ting  from  the  water,  gather  into  bubbles,,  and.  conflitute  a  fluid  air,  as 
before.  This  fhew-s,  that  the  air  did  not  cohere  or  coagulate,  that  it  only 
femain’d  intercepted,  not  alter’d  •,  and  the  like  beings  found,  in  all  other 
cafes,  we  may  lay  dawn  fluidity  as  the  firft  property  of  air. 

Oiving  io  ii s  ii.  This  fluidity  of  air  feems,  in  the  firft  place,  .owing  to  the  tenuity 
inertcfs  of  of  its  parts,  whichare  fo  exceedingly  fine,  as  to  be  incapable  of  being  ren- 

dcr’d  vifible  by  any  microfcope;  and  yet  they  muft  be  much  larger  than 
thofe  of  fire,  in  regard  they  cannot  penetrate  metals,  glafs,  ftones,  the 
clofer  woods,  nor  even.gqod  paper  itfelf;  and  hence  air  may  alfo.be. ex¬ 
cluded 
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eluded  From  many  bodies,  and  cannot  even  pafs  thro*  the  invifible  pores 
of  fome,  that  would  admit  of,  alcohol,  wine,  oil,  water,  brine,  lixivium?, 
and  alcaline  or  acid  fpirits  *,  as  appears  from  the  air-pump  experiments: 
for  here  the  ring  of  leather,  laid  upon  the  brafs  plate  of  the  air-pump, 
to  fupport  the  glafs  receiver,  being  prefled  upon  by  the  edges  of  the  glafs ; 
and  the  air  being  extracted  from  its  cavity,  the  weight  of  the  atmofphere 
prefles  the  edges  clofe  to  the  leather  j  upon  which,  the  external  air  will, 
not  enter  thro*  the  pores  of  the  leather,  under  the  edges  into  the  receiver, 
but  be  intirely  kept  out:  whereas  if  any  of  the  above-mentioned  liquors 
be  externally  poured  upon  the  leather  ring,  they  will  foon  be  fucked  up 
by  it,  infinuate  themfelves  under  the  edges,  and  get  into  the  receiver :  which 
plainly  {hews,  that  even  thick  and  vifeid  liquors  may  eafily  enter,  where  air 
will  not ;  and  the  fame  might  be  {hewn  by  many  other  experiments. 

12.  Thefe  fmalleft  particles  of  air,  are  fo  eafily  feparable  from  each  other,  lubricity 
that,  in  order  to  feparate  them,  even  a  lefs  force  is  required  than  our  fenfes  °f^etartsof 
can  perceive  ;  and  this  reparation  is  equally  eafy  in  every  diredion.  That 

air  is  fo  eafily  divifible,  any  one  may  find,  by  obferving  the  motion  of  a 
fmall  fmooth  body  thro’  that  fluid  at  reft  :  thus,  a  needle  may  be  moved  in 
any  diredion  thro*  the  air  that  furrounds  it  •,  and  the  like  holds  in  all  other 
fimilar  cafes :  this  property  of  air,  I  fliall  hereafter  call  its  lubricity. 

13.  Upon  carefully  examining  into  this  property,  it  fhould  feem  as  if  Their  mutual 
there  was  a  certain  attradion  between  thefe  particles  of  air,  whereby  they  attraction* 
eafily  run  into  mutual  contad,  tho*  of  a  very  flight  and  feparable  kind  ; 

thus,  when  a  fingle  particle  of  air  lies  concealed  in  any  fluid,  we  cannot 
perceive  the  leaft  figns  of  it  •,  but  if  another  joins  it,  we  prefently  perceive 
a  little  air-bubble  made  of  the  two  ;  which  bubble  refifts  its  feparation  by 
a  certain  tenacity :  if  another  fuch  bubble  or  two  be  added  to  the  former, 

Stis  manifeft  they  make  a  larger,  that  retains  its  particular  magnitude  and 
fpherical  figure.  This,  it  may  be  fufpeded,  is  owing  to  the  compreffure 
of  the  furrounding  fluid :  and  by  allowing  it  to  be  fo,  it  will  follow,  that 
there  is  a  ftronger  attradion  between  the  particles  of  air  and  air,  than 
between  thole  of  air  and  the  particles  of  the  comprefling  fluid  ;  and  doubtlefs 
the  attraction  between  thefe  particles  is  exceeding  fmall.  Some  might  fufped 
that  repulfion  takes  place  here,  according  to  what  Sir  Ifaac  Newton  has 
fhewn  (. b ).  This  may  be  poflible,  and  we  {hall  treat  of  it  below:  in  the 

mean 


(b)  The  inftanteof  air  and  vapours,  which 
feem  to  difeover  fome  luch  repelling  power, 
that  illuftrious  author  brings  as  an  argument 
of  the  fame  power  being  found  in  other  bo¬ 
dies. - *  The  particles  emitted  or  ihaken 

*  off  from  bodies  by  heat  or  fermentation, 

*  fays  he ,  fo  foon  as  they  are  beyond  the  reach 

*  of  the  attraction  of  the  body,  recede  from 

*  it,  and  alio  from  one  another,  with  great 

*  itrength,  and  keep  at  a  diflance ;  fo  as  fome- 

*  times  to  take  above  a  million  of  times  more 

*  fpace  than  they  did  before,  in  the  form  of 


*  a  denfe  body  :  which  vaft  contraction  and 
4  expanfion  feems  unintelligible,  by  feigning 
4  the  particles  of  air  to  be  fpringy  andramous, 
4  or  rolled  up  like  hoops,  or,  by  any  other 
‘  means  than  a  repulfive  power. 

4  The  particles  of  fluids,  which  do  not  co- 
4  here  too  Itroagly,  and  are  of  fuch  fmallnefs, 
4  as  renders  them  molt  fufccptible  of  thofe 
4  agitations,  which  keep  .liquors  in  a  fluor,  are 
4  molt  eafily  feparated,  and  rarified  into  va- 
4  pour,  and  in  the  language  of  the  chemifts, 
4  are  vo/atHe,  rarifying  with  an  eafy  heat,  and 
D  d  d  4  coodenfin^ 
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Their  mifci- 
bihty  with 
others. 


Whence  its 
imperceptibi- 
lity . 


Its  abfaJkte 
gravity. 
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mean  time,  we  lay  it  down  as  certain,  that  thefe  particles  have  a  power  of 
uniting  into  a  fpherical  figure,  and  thus  of  long  defending  themfel'ves  againft 
the  furrounding  prefTure. 

14.  For,  upon  a  clofer  examination  of  this  attra<5live  principle,  we  fhall 
find  that  thefe  particles  of  air,  when  fingle,  prefently  infinuate  into,  and  mix 
themfelves  with  any  liquor  that  is  deftitute  of  air,  adhere  tenacioufly  to 
it,  and  lodge  quietly  in  tTie  interftices  thereof;  after  the  manner  of  falts  dif- 
folved  in  water:  on  the  other  hand,,  we  fhall  fee  hereafter,  that  a  large 
bubble  of  air,  confifting  of  many  aerial  particles  united,  being  placed  upon 
the  furface  of  a  liquor  purged  of  air,  refoives  into  its  particles,  which  be¬ 
ing  thus  disjoined,  flip  into  the  interftices  left  in  the  liquid,  without  ever 
coliefling  into  bubbles  again,  unlefs  a  frefh  caufe  be  applied. 

1 5.  And  hence  we  may  underftand  the  above-mentioned  imperceptibility 
of  air,  with  refpefl  to  our  fenfes  :  for  we  fhould  have  had  no  notion  of  air, 
the  fubjeft  we  are  treating,  without  obferving  the  motion  of  large  bodies 
thro’  it,  and  particularly  of  fuch  as  hare  much  furface,  and  are  moved  broad¬ 
ways  :  for  thus  we  are  prefently  made  fenfible,  that  air  by  its  ftrong  refiftance, 
is  a  corporeal  fubftance  :  and  as  this  refiftance  increafes  in  a  duplicate  ratio 
of  the  velocity  of  the  moving  body  ;  ’tis  manifeft  it  may  be  prodigioufly 
augmented.  For  example,  let  any  one  attempt  to  move  a  thin  copper¬ 
plate  of  a  hundred  fquare  feet,  perpendicularly,  with  its  flat  fide  forwards, 
in  a  thill  air,  at  the  rate  of  22  feet  in  a  fecond,  and  he  will  be  fenfible 
of  an  almoft  incredible  refiftance,  which  may  eafily  be  computed  on  M. 
MarioH? s  principles.  This  is  to  be  underftood  of  the  entire  air  as  a  com¬ 
pound,  wherein  not  only  light  and  fmall  bodies,  but  alfo  large  and  heavy 
ones  may  float  ;  as  we  fee  by  the  flight  of  birds,  and  bodies  carried  away 
by  the  winds. 

16.  The  next  thing  to  be  confidered  of  air  is  its  entire  weight,  or  the 
weight  of  the  atmofphere.  'Torricelli  attempted  to  difcover  it  ftatically, 
in  the  year  1643;  Otto  Guerick  confirm’d  it  by  experiments/in  the  year 
1 655  ;  it  was  afterwards  illuftrated  by  M.  Pafchal ,  carried  further  by  Mr. 
■Boyle,  and  finifhed  by  M.  Mariotte ,  in  a  fet  of  elegant  experiments  ;  fo 
that  at  prefent  nothing  feems  better  eftablifhed  in  all  phyfics  (c). 

l7' 


*  condenfing  with  cold :  but,  thofe  which  are 
‘  grofTer,  and  fo  lefs  fufceptible  of  agitation, 
4  cohere  by  a  ft  ronger  attraction,  and  are  not 

*  feparated  without  ftronger  heat,  or  perhaps 
4  not  without  fermentation,  and  thefe  Jaft  are 
4  the  bodies,  which  chemifts  call  fixed-,  which, 
4  being  rarified  by  fermentation,  become  true 
4  permanent  air  ;  thofe  particles  receding  from 
4  one  another  with  the  greateft  force,  and  be- 
4  ing  moil  difficultly  brought  together,  which, 
4  upon  contaCt,  cohere  moil  ftrongly. 

‘  And  becaufe  the  particles  of  permanent 
4  air  are  grofter,  and  arife  from  denfer  fub- 
4  fiances  than  thofe  of  vapours,  thence  it  is 


4  that  true  air  is  more  ponderous  than  vapour, 
4  and  that  a  moift  atmofphere  is  lighter  than 
4  a  dry  one.  Opticks,  p.  371,  372. 

(r)  We  have  fenfible  demonftrations  of  the 
thing  from  experiment ;  thus  the  hand  ap¬ 
plied  fo  as  to  cover  the  orifice  of  a  receiver, 
upon  working  the  air-pump,  and  thus  with¬ 
drawing  the  iubjacent  air,  foon  feels  the  load  ; 
fo  exhaulting  the  air  from  a  thin,  fquare  glafs 
receiver,  the  preifure  of  the  incumbent  air 
eafily  burits  it :  again,  two  hollow  fegments 
of  a  fphere  exaCtly  fitting  each  other,  being 
e  xhaulted  of  their  air,  and  thus  expofed  to  the 
p  refluft  if  the  external  air,  will  fuftain  a  fdlce 

«f 
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17.  But  the  comparative  weight  of  air  ftill  remained  difficult  to  determine  ;  relative 
it  appearing  upon  trial,  that  no  two  equal  bulks  thereof,  taken  at  the  fame  iraevttf’ 
time  at  different  heights,  were  equiponderant,  but  that  the  lower  always 
weighed  more  than  the  upper ;  and  this  was  found  true,  beginning  at  the 

furface  of  the  earth,  and  proceeding  to  the  tops  of  the  higheft  mountains  : 
and  even  at  the  fame  place  at  different  times,  an  equal  bulk  of  air  does  not 
retain  the  fame  weight,  but  buffers  a  great  variety. 

18.  Again  the  atmofphere  in  our  climate,  where-ever  it  has  hitherto  been  The  variable 
tried,  is  fubje<5t  to  great  and  almoft  perpetual  changes  with  refped  to  its  nefs  ofiti 
weight,  which  never  remains  the  fame  long  together.  This  difference  is  cwek!:t' 
chiefly  found  on  the  change  of  meteors  in  the  air,  which  frequently  happens : 

thus,  the  atmofphere  has  a  different  weight  upon  the  coming  on  of  rain, 

Aiowers,  mifts,  hail,  fnow,  lightning,  thunder,  corufcations,  alterations  of 
the  wind,  ftorms,  whirlwinds,  droughts,  and  the  changes  of  the  afpe&s  of 
the  planets:  even  the  different  feafons  of  the  year  occaflon  furprifing  changes 
therein  ;  fo  that  the  conftant,  and  fucceffive  mutability,  depending  upon  fo 
many  renewable  caufes,  renders  the  atmofphere  ever  variable  in  its  weight : 
whence  alfo  proceed  numerous  effects  about  the  furface  of  the  earth,  depend¬ 
ing  chiefly  upon  the  variable  weight  of  the  air,  which  is  continually  chang¬ 
ing  (d).  We  learn  from  careful  obfervation,  made  and  continued  rbr  the 
fpace  of  86  years;  that  the  greatefl:  and  leaft  difference,  herein  Eurofey 
in  this  weight  of  the  atmofphere,  is  equal  to  that  of  30  inches  and  and 
27  and  4-  of  mercury  in  the  barometer  ;  fo  that  the  difference  is  about 
a  -At  part  of  the  greatefl:  weight. 

19.  This  frequent  change  in  the  weight  of  the  air  depends  upon  many  Reducible  te 
different  caufes  ;  and  as  thefe  caufes  are  certain,  they  may  be  difcovered  by  rule. 
careful  and  accurate  obfervations,  fo  as  to  aflign  the  reafon  of  this  fluctuation 

and  uncertainty.  Nitolas  Cruquius  has  fhewn  us  the  way  of  bringing  this 
matter  to  a  certainty,  in  his  meteorological  tables,  formed  with  great  induftry 
and  exaCtnefs ;  where  we  fee  at  one  view,  all  the  caufes  that  contribute  to 
increafe  the  weight  of  the  atmofphere  in  every  degree.  It  were  to  be  wifhed, 
that  a  proper  inducement  might  encourage  others  to  follow  the  example  of 
fo  ufeful  an  inquirer  into  natural  philofophy. 

20.  It  was  alfo  at  length  difcovered,  that  the  common  weight  of  the  air  The  wight  of 
about  our  earth,  in  a  mean  weight  of  the  atmofphere,  and  in  a  mean  tern-  atr.  cf”Pare<i 
perature  of  the  year,  is  to  that  of  water  nearly  as  1  to  8505  tho*  this  is  K'Jli  e  ' 
to  be  underflood  according  to  the  conditions  above  laid  down,  o'therwife 

nothing  certain  can  be  determined  about  it. 

D  d  d  2  si. 


of  140  pounds,  fuppofing  their  diameter  three 
inches,  before  they  feparate  :  to  fay  no  more, the 
rifing  of  mercury  in  the  barometer  to  the  height 
of  28  inches,  and  of  water  in  pumps,  &c.  to 
that  of  32  feet,  are  inconteflable  proofs  of  the 
weight  of  the  air.  See  the  writers  on  hydro- 
flatics,  Boyle ,  Wolfius,  s'  Gravefande,  &  c. 

(d)  Thus  the  difference  of  the  air  in  point 
of  gravity  may  come  to  have  a  very  fonfiitera- 


bfe  influence  on  the  health*  of  men..  ‘‘  Whefc 
‘  the  air,  fays  Mr.  Boyle,  grows  of  a  fudde*. 

‘  much  lighter  than  uiiial,  the  fpirituou*  and 
‘  aerial  particles,  plentifully  lodged  in  th« 

*  blood,  will  naturally  fwell  drat  liquor,  and 

*  fo  diftend  the  greater  veffeb,  and  alter  thjf 
‘  manner  of  the  circulation  thro’  the  capillary 

*  veins  and  arteries ;  whence  feveral  cha|ig<*e 

‘  may  happen  i*  .  he  bedy.’  Hifl.  •/  Ain  \  ^ 
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21.  The  air,  by  its  weight,  continually  preiTes  upon  the  furface  of  oti 
earth,  with  a  force  equal  to  that  which  fuftains  a  perpendicular  column 
of  quickfilver  at  the  lame  height,  it  then  hands  at  in  the  barometer ; 
the  bafe  of  which  column  is  an  horizontal  plane,  cutting  a  pyramid,  whofe 
vertex  is  in  the  center  of  the  earth,  and  whofe  fides  touch  the  horizontal 
limits  of  the  body  prefled  upon  by  the  incumbent  atmofphere  :  fo  that 
this  power  may  every  where  be  exactly  calculated,  from  knowing  the  height 
of  the  mercury  in  the  barometer,  and  the  quantity  of  furface  preffed  upon. 
And  hence  it  follows,  that  bodies,  lituated  in  the  earth,  fuftain  a  greater 
preffure  from  the  incumbent  atmofphere,  the  nearer  they  are  to  the  center 
of  the  earth  :  for,  it  appears  from  hydroftalics,  that  fluids  prefs  upon 
their  bafes  in  proportion  to  their  altitudes  ;  fo  that,  if  air  be  confidered 
as  an  homogeneous  incompreflible  fluid,  we  may  eafily  compute  in  what 
proportion  it  preffes  upon  bodies  in  any  part  of  a  perpendicular,  tending 
from  the  furface  to  the  center  of  the  earth  (e) :  but  as  the  elaftic  property 
of  the  air  greatly  alters  the  cafe,  we  fhall  treat  of  its  effeft  below.  Hence 
all  bodies,  contiguous  to  the  air,  are  never  long  preffed  upon  by  the  fame 
external  weight-,  the  preffure  varying  aim  oft  every  moment-,  tho*  the  dif- 
ferencein  the  fame  place  never  exceeds  A^of  the  whole.  While  the  air  thus 
preffes  bodies  with  a  different  force,  it  is  alfo  repelled  by  fuch  as  are  elaftic, 
or  have  a  natural  power  of  expanding  themfelves,  or  recovering  their  own 
bulk:  whence  all  fuch  bodies,  contiguous  to  the  air,  have  a  conftant  ofcilla- 
tion  in  their  parts,  correfponding  reciprocally  to  the  increafe  or  decreafe  of 
the  weight  of  the  air;  and  tho*  this  difference  be  fmall,  as  never  exceeding 
,v,  yet  it  is  always  fomething,  and  nearly  perpetual.  It  was  obferved  in 
the  hiftory  of  fire,  that  the  parts  of  bodies  had  another  tremulous  vibration, 
depending  upon  the  viciftitude  of  heat  and  cold;  and  this,  with  the  prefent, 
may  produce  confiderable  and  conftant  effects  :  fo  that  we  muft  allow  thefe 
two  caufes,  viz.  fire  and  air,  productive  of  a  conftant  internal  motion  in 
all  the  parts  of  elaftic  bodies.  It  may  here  be  added,  that  on  bodies  ab- 
iolutely  foft,  if  any  fuch  there  are,  or  perfeftly  unelaftic,  as  water  for  exam¬ 
ple,  which  cannot  be  compreffed  by  external  weight,  the  weight  of  the  at¬ 
mofphere  cannot  aft  by  any  increafe,  or  diminution  of  its  weight,  and  con- 
fequently  fuch  bodies  will  hence  have  no  tremulous  motion  in  their  parts : 

but 


(*■)  ‘  The  atmofphere  in  its  free  ftate  may 

*  be  confidered,  as  if  it  had  once  been  water, 

*  covering  the  earth  to  the  height  of  3 1  feet ; 

*  but  afterwards  exceedingly  rarified,  expand- 
4  ed,  and  converted  into  what  we  call  air ; 
‘  which,  tho’  in  fatt  it  poffeffcs  a  larger  fpace, 

*  has  not  a  greater  weight  than  water  of  the 

*  height  of  31  feet :  now  it  is  eafy  to  com- 
4  pute  what  quantity  of  water  would  every  way 
‘  lurround  the  earth  to  that  height,  which 

*  gives  the  whole  weight  of  the  air  ;  for, 

*  fince  a  cubic  foot  of  water  weighs  feventy 
‘  two  pounds,  a  prifm  thereof  (to  ufe  that  for 
‘  the  fettor  of  a  fphere)  whofe  bafe  is  a  foot 


4  fquare,  and  height  31  feet,  will  weigh  2232 

*  pounds  ;  and  fince  the  furface  of  the  earth 
‘  contains  3711. 420000.  000000  fquare  feet, 

*  the  product  of  thefe  two  fums,  which  is 

*  8.283889.440000.000000  pounds,  gives  the 
‘  quantity  of  water,  and  confequently  the 
‘  quantity  of  air  required.’  Pafchal,  Lraite  de 
r Equilibre  des  Liqueurs. 

Hence,  when  a  column  of  quickfilver,  30 
inches  high,  is  fuflained  in  the  barometer,  as 
it  frequently  happens ;  a  column  of  air,  that 
preffes  upon  an  inch  fquare  near  the  furface 
of  the  earth,  muft  weigh  above  15  avoirdupois 
pounds.  Id.  ibid. 


The  Theory  of  Chemistry,  389 

but  then,  as  fire  ads  more  upon  fuch  bodies  than  upon  any  others,  it  is 
plain,  that  the  force  of  fire  is  much  more  general  in  this  refped  than  that 
of  air. 

22.  It  may  be  proper,  with  regard  to  chemiftry,  that  we  next  confider  <77^  eje^  0f 
the  effeds  of  the  external  air,  as  it  is  at  once  both  a  fluid  and  heavy'  bo-  the  air  as  a 
dy  :  for  as  fuch,  we  have  already  feen,  it  externally  prefles  upon  the  fur -fluid  and  hea- 
faces  of  all  bodies  ;  and  hence  it  will  insinuate  it  felf  into  the  furfaces  of  ^ 
all  thofe  bodies,  whofe  pores  are  large  enough  to  receive  its  fubtile  par¬ 
ticles,  or  whofe  texture  is  flight  enough  to  admit  them  :  whence  we  may 
infer,  that  the  pores  of  bodies,  which  to  us  appear  empty,  may  be  full  of 
common  air  ;  which  air  will  produce  its  proper  effeds  in  thofe  pores  :  and 
upon  this,  numerous  natural  effeds  frequently  depend.  ’Tis  a  curious  ob- 
fervation  in  hydroftatics,  that  air,  as  a  gravitating  fluid,  prefles  bodies  e- 
qually  every  way  *,  as  laterally,  horizontally,  vertically,  upwards,  down¬ 
wards,  and  obliquely.  This  is  demonftrated  in  that  fcience  ;  but  as  che- 
mifts  are  feldom  acquainted  therewith,  it  may  be  proper  to  prove  a  truth 
of  fuch  moment  in  chemiftry,  by  a  familiar  example.  Take  three  glafs  veflels, 
the  one  of  a  cylindrical  figure  A,  the  other  conical  B,  the  third  bellied  Plate 6.  Fig. 
C,  with  a  cylindrical  neck  j  ’tis  plain  from  geometry,  that  all  the  kinds  of  *• 

Ample  veflels  may  be  referred  to  thefe  three :  let  thefe  be  filled  to  the  brim 
with  fair  water,  and  covered  with  a  fingle  piece  of  paper,  fo  as  to  touch 
the  furface  of  the  water,  and  by  prefling  it  down  with  the  hand,  prevent  the 
external  air  infinuating  between  the  paper  and  the  water  ;  if  the  glafles  be  now 
inverted,  whilft  the  paper  remains  prefled  clofe  with  the  palm  of  the  hand, 
and  the  hand  be  afterwards  gently  withdrawn,  the  water  will  ftill  remain 
in  the  glafles  ;  and  the  fame  holds  true,  tho’  the  glafles  be  held  horizon¬ 
tal,  or  in  any  other  pofition  :  whence  we  fee  that  air,  as  a  heavy  fluid,  pref- 
fes  equally  upwards,  laterally,  downwards,  &c.  Archimedes,  obferving  this 
property  of  every  gravitating  fluid,  has  raifed  many  noble  demonftrations 
upon  it  ;  and  indeed  numerous  confequences  might  hence  be  deduced, 
which  we  leave  mechanics  to  explain,  whilft  we  make  ufe  of  them  only  as 
chemifts.  Hence  it  appears,  that  the  air  prefles  upon  all  the  points  of  a 
furface  expofed  to  it,  and  enters  into  all  the  pores  it  can  come  at,  however 
they  are  fituated,  conftantly  .prefling  againft  them  with  an  equal  weight, 
tho*  always  more  as  the  body  is  fituated  lower  therein.  And  by  thefe  its 
properties,  air  compreftes  bodies  on  all  fides,  fills  up  their  cavities,  and  forms 
a  ftrong  comprefling  furface  about  them  •,  and  hence  it  happens,  that  both 
the  external  and  internal  air,  which  is  always  fuppofed  a  moveable  fluid,  and 
by  its  gravity  applies  it  felf  to  the  furfaces  of  fluids,  impinges  3gainft,  fhakes, 
moves  and  agitates  their  fuperficial  parts  ;  whence  it  wonderfully  mixes  thefe 
different  fluids  together,  excites  and  applies  their  forces  reciprocally,  and 
thus  conftantly  produces  numerous  effects  :  yet  it  does  not  change  the  figures 
of  the  bodies  it  touches,  except  fo  far  only  as  they  have  pores  void  of  air  ; 
but  if  they  are  capable  of  yielding  to  the  air’s  preflure,  they  will  thus  be 
condenfed  and  leflened  in  their  bulk  •,  otherwife  the  air  with  all  its  weight 
cannot  break  even  the  weakeft  and  moft  brittle  body,  that,  being  replete 
with  air,  refts  in  the  atjjiofphere :  the  external  preflure  in  this  cafe  being. 

exadi/ 


to 


go 
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exa&ly  equal  to  the  internal.  On  the  other  hand  we  know,  that  the  air  is 
always  in  confiderable  rapid  motion  •,  as  clearly  appears  from  hence,  that  in 
a  hill  place,'  fuppofe  a  clofe  darkened  chamber,  illumined  only  by  one  fmall 
hole  in  the  window-lhutter,  where,  if  aperfon  at  reft  views  the  enlightened 
cone  of  air  tideways,  as  it  extends  along  the  room,  he  will  perceive  a  fur- 
prifing  motion  of  the  dufty  atoms  therein,  perpetually  rolling  and  tofting 
about  with  great  rapidity  :  whence  it  may  be  fairly  concluded,  that  the 
fame  thing  happens,  in  a  higher  degree,  in  the  external  open  air  *,  fo  as  to 
excite  a  ftill  greater  agitation,  motion,  and  attrition  in  the  bodies  it  hits  a- 
gainft  ;  fince  the  motion  is  here  perpetual,  and  the  power  of  gravity  in  the 
air  equal  co  that  of  a  column  of  water  thirty-three  foot  high.  Hence  it 
is  eafy  to  conceive,  how  great  a  degree  of  motion  and  attrition  the  atmo- 
fphere  exerts  upon  the  furfaces  of  ail  bodies,  efpecially  when  a  large  bulk 
of  it  is  put  into  a  rapid  motion,  either  by  fire  or  violent  winds  :  thus  fup- 
pofing  a  body  of  2080  pound  weight  to  prefs,  by  its  gravity,  upon  an  area  of 
a  foot  fquare,  and  this  body  to  be  moved  by  a  violent  ftorm,  at  the  rate 
of  twenty-two  feet  in  a  fecond,  it  muft  needs  exert  a  prodigious  force  againft 
the  body  it  moves  upon  :  and  hence  numerous  and  great  phyfical  changes 
are  every  moment  performed  by  thefe  caufes  ;  which  chemifts  overlooking, 
fly  to  other  abftrufe  and  fictitious  ones  for  explaining  the  fame  effeCts.  But 
here  we  muft  remember,  that  the  finalleft  particles  of  air  cohere  together  in 
fuch  a  manner,  as  not  to  be  eafily  feparable  fo  far  as  readily  to  enter  the  finalleft 
pores  of  bodies,  but  muft  firft  form  themfelves  into  bubbles  of  fome  fize, 
before  they  can  infinuate  ;  this  appears  by  the  following  experiment.  Take 
a  thermometer- glafs  four  foot  long,  the  diameter  of  its  tube  being  only  4. 
of  an  inch  ; -perfectly  fill  it  with  water  ;  and  if  now  it  be  inverted,  not  a  drop 
of  the  v/ater  will  run  out,  but  the  whole  remain  fufpended,  as  if  the  open 
end  was  carefully  clofed  :  fo  in  the  common  barometer,  filled  with  quick- 
filver,  no  air  is  forced  up  into  the  vacuum  at  the  top  of  the  tube,  tho’  the 
atmofphere  prefies  with  all  its  weight  upon  the  furface  of  the  quickfilver 
beiow  ;  for  here  the  air  cannot  divide  itfelf  into  fuch  fmali  particles,  as  to 
enter  the  interfaces  of  the  quickfilver,  but  remains  excluded.  The  fame  ex¬ 
periment  holds,  tho’  made  with  water,  or  even  alcohol  itfelf  •,  whence  it  is 
plain,  that  air  cannot  be  eafily  divided  into  its  fmalleft  particles,  othervife 
they  would  pafs  thro*  the  pores  of  thefe  fluids,  wherein  however  the  par¬ 
ticles  of  air  may  be  concealed,  as  we  fhall  manifeft  hereafter  :  at  prefent  we 
fhall  attempt  to  fhew  the  fize  of  thefe  bubbles,  under  which  air  afcends  thro* 
water  in  tubes.  Take  a  thermometer-glafs  with  a  long  ftem,  whofe  diame¬ 
ter  is  of  an  inch,  fill  it  with  water  and  invert  it,  the  air  will  now  afcend  1  p 
thro*  the  water  in  large  bubbles,  without  feparating  it  felf  into  fm.a!  1  ones  ; 
whilft  fome,  of  a  confiderable  magnitude,  ftick  up  and  down  in  the  neck  ofthe 
glafs  :  here  therefore,  there  is  either  an  attracting  quality  in  the  air,  or  a  repel¬ 
ling  force  in  the  liquors  with  refpeCt  to  the  air,  driving  i  s  particles  into  con¬ 
tact.  The  following  experiment  may  give  more  light  to  the  affair  :  into  a 
glafs  vefiel  of  alcohol  invert  a  thermometer-glafs  full  of  water,  the  orifice  of 
which  glafs  air  would  not  enter,  when  held  inverted  therein  •,  the  alcohol  will 
here  afcend  in  curling  veins  thro’  the  water  to  the  top  of  the  ball,  whilft  the. 

1  wat;y 
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water  deflcends  into  the  glafs  deferted  by  the  alcohol,  till  the  two  liquors 
entirely  change  their  places :  whence  I  conclude,  that  the  parts  of  alcohol 
and  water  do,  by  their'  Angle  force  of  gravity  and  fluidity,  eafily  pafs  thro* 
the  interfaces  of  each  other,  whilft  air  does  it  with  difficulty.  The  fame 
is  proved  evidently  by  ufing  oil  inflead  of  alcohol,  and  proceeding  as  above 
and  the  like  effedt  is  found  upon  inverting  a  thermometer-glafs  of  a  fitfu- 
rated  lixivium  into  water,  alcohol,  or  oil.  This  property  of  air  therefore, 
as  compared  with  other  fluids,  we  recommend  to  the  farther  confideration 
of  chemifts  ;  to  fhew  why  the  particles  of  air,  collected  into  a  bubble,  are 
much  more  difficult  to  feparate  than  the  particles  of  any  other  known  fluids ; 
whence  the  fmalleft  particles  of  air  do  not  readily  mix  with  other  fluid, 
but  rather  unite  with  each  other  within  them,  fo  -as  to  manifeffc  themfelves 
therein  by  bubbles,  or  froth,  which  is  a  collection  of  bubbles  *,  and  whence, 
when  Angle  particles  of  air  feparately  lodge  themfelves  in  the  deferted  pores 
of  other  fluids,  they  are  hard  to  be  got  out  *,  thus  it  is  extremely  difficult  per¬ 
fectly  to  feparate  air  concealed  in  quickfllver  ;  which  when  once  done, 
what  ftrange  phenomena  may  enfue,  we  learn  from  M.  Huygens ,  who' 
found  that  quickfllver,  well  purged  of  air,  flood  at  the  height  of  above 
fifty  inches  in  the  barometer:  but  of  this  property  of  the  air  I  fhall  more 
exprefly  treat  hereafter. 

Hitherto  I  have  endeavoured  to  explain  thofe  properties  of  air,  which 
it  has  in  common  with  other  bodies,  together  with  the  effeCts  thence  ari- 
fing  in  chemical  operations  i  as  alfo  tranftently  its  mifcibility  with  other 
fluids  :  I  next  proceed  to  confider  its  peculiar  properties. 

23.  The  firft  of  thefe  is  its  elafticity,  by  which  is  meant  that  particu¬ 
lar  power  wherewith  all  known  air,  confined  in  a  certain  fpace,  fo  that  it 
cannot  efcape,  contracts  its  dimenfions  upon  prefiure,  in  proportion  to  the 
weight  applied  ;  but  fo  as  always  to  reftore  it  felf  by  its  own  natural  ex¬ 
pan  five  po\ver,  in  proportion  as  the  weight  is  leffiened  ;  where,  if  no  other 
caufe  intervenes,  it  conftantly  returns  to  the  fame  fpace  it  poflefled  be¬ 
fore,  when  the  compreffing  force  is  removed  5  and-  ftretches  farther,  if  the 
power  be  dimini fhed.  (/)  This 


(f)  The  elafticity  of  air  is  as  its  denftty  j 
for  this  laft  is  inverfely  as  the  fpace  taken  up 
by  the  air,  and  therefore  as  the  force  com- 
prefling  the  air,  which  is  equal  to  that  by 
which  the  air  endeavours  to  expand  itfelf, 
but  this  force  is  its  elafticity.  V  GranjefancCs 
Elem.  Pbyf. 

‘  The  air  is  loaded  by  the  weight  of  the 

*  whole  atmofphere,  prefling  every  way  ac- 

*  cording  to  the  nature  of  a  fluid  ;  the  force 
it  exerts,  does  no  way  depend  upon  the  E- 

*  lafticity  ;  becaufe,  whether  you  fuppofe  e- 

*  lafticity  or  not,  that  force  which  arifes  from 

*  the  weight  of  the  atmofphere,  and  is  equal 
‘  to  it,  can  no  way  be  changed  :  but,  as  the 
‘  air  is  eUftic,  it  is  reduced  to  fuch  a  fpace 

*  by  the  weight  of  the  atmofphere,  as  that 
1  the  elafticity,  which  re-attsagai  ift  the  com- 

*  prefling  weight,  is  equal  to  hat  v  eight. 

*  But  the  elafticity  encreafes  and  diminiihes 


*  as  thediftance  of  the  particles  diminiihes  or 
‘  increafes  ;  and  it  is  no  matter,  whether 
*•  the  air  be  retained  in  a  certain  fpace  by 

*  the  weight  of  the  atmofphere,  or  any  other 
‘  way;  for  in  either  cafe,  it  will  endeavour 

*  to  expand  itfelf  with  the  fame  fotce,  and 
‘  prefs  every  way.  Therefore  if  the  air  near 

*  the  earth  be  included  in  any  veflel,  with- 
‘  out  altering  its  denfity,  the  preflure  of  the 
‘  included  air  will  be  equal  to  the  weight 

*  of  the  whole  atmofphere.  Thus  we  And 

*  mercury  fuftained  to  the  fame  height  by 

*  the  elaitic  force  of  air  included  in  a  glafs 

*  veflel  no  way  communicating  with  the  ex- 

*  ternal  air,  as  by  the  weight  of  the  whole 

*  atmofphere.’  Id.  ibid. 

‘  The  eftefts  of  the  elafticity  of  the  air  are 

*  like  thofe  of  its  gravity  ;  and  included  air 
‘  afts  by  elafticity,  juft  as  air  not  included 
‘  by  its  weight,’  Id.  ibid. 
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24. This  kind  of  elafticity  I  do  not  remember  to  have  been  obferved  in  any 
other  fluid  •,  ’tis  never  found  in  alcohol,  oil,  water,  fpirits,  or  lixiviums, 
tho’  thefe  all  eafily  expand  with  heat,  and  contrail  with  cold,  but  they  are 
not  compreflible  by  weight :  this  therefore  may  be  a  peculiar  property  of  the 
air  alone,  and  fhould  carefully  explain’d,  as  we  fhall  endeavour  to  do  from  the 
difcoveries  of  Mr.  Boyle  and  Mr.  Mariotte. 

25.  Thefe  gentlemen  found,  by  experiments,  the  firfx  law  of  this  elafticity, 
and  confequently  its  denftty,  to  be  always  proportionable  to  the  compref- 
ling  weight.  Suppofe  a  ftiong  cylindrical  veflel,  the  area  of  whofe  bafis  is 
a  foot  fquare,  and  its  height  fixty-four  inches,  to  be  filled  with  air  ;  this 
air  will  fuftain  upon  its  upper  furface  the  preflure  of  the  atmofphere,  which 
we  may  fuppofe  to  be  2112  pound  Troy  ;  ’tis  plain,  the  air  in  the  tube  will 
then  be  as  common  air  :  if  now  its  upper  furface  be  prefled  upon  by  the  in¬ 
cumbent  weight  of  quickfilver,  riflng  to  the  height  of  twenty-nine  inches, 
it  will  then  fuftain  a  preflure  twice  as  great  as  that  of  the  atmofphere 
alone  ;  and  fo  in  proportion  the  air  will  be  comprefled  according  to  the  fol¬ 
lowing  table,  viz. 

If  2 1 12  fills  the  tube 
4224  * 

8448 
16896 

33792 

67584. 

135168 

260336 

Hence  it  appears  difficult  to  find  a  way  of  comprefling  air  into  a  —  part 
of  the  fpace  it  naturally  poflefles,  when  fuch  a  prodigious  weight,  and  fo 
ftrong  a  tube,  of  fo  confiderable  a  height  as  203  inches,  are  required  for 
the  purpofe  ;  and  in  this  cafe,  the  weight  of  air  would  be  to  that  of  wa¬ 
ter,  as  11  to  13  j  and  upon  doubling  the  weight  of  the  mercury  11  times., 
the  air  would  be  reduced  to  a of  its  natural  bulk,  and  thus  become 
much  more  defife,  and  ponderous  than  common  water  ;  but  how  much 
foever  it  is  condenfed,  it  will  always  retain  fome  bulk,  as  appears  by  the 
table. 

26.  It  will  be  fhewn  hereafter,  that  perhaps  at  leaft  WW  part  of  com¬ 
mon  air  confifts  of  aqueous,  fpirituous,  oily,  faline  liquids,  and  other  cor- 
pufcles  floating  in  it  •,  which  being  brought  together  by  this  compreflion, 
will  at  length  form  an  incompreflible  fubftance  :  whence  it  appears  probable 
to  me,  that  common  air  can  never  be  condenfed  to  -0V0-  part  of  its  bulk, 
without  forming  maftes  nearly  folid  *,  tho’  thefe  indeed,  with  refpedl  to  the 
elaftic  part  of  the  air,  may  be  always  farther  compreflible,  but  never  in 
proportion  to  the  comprefling  weights  ;  otherwife  the  bodies,  mixed  in  a- 
mong  common  air,  muft  have  the  fame  degree  of  elafticity  therewith  ;  which 
is  contrary  to  experiment.  But  as  thefe  incompreflible  parts  in  common 
air  feldom  make  up  -g4r  Part  °f  ^ts  bulk,  ’tis  no  wonder  that  in  the  experi¬ 
ments,  made  to  determine  this  law,  this  proportion  ftiould  always  be  found  ; 
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a  plain  reafon  whereof  will  alfo  appear  below,  when  we  come  to  confider 
Mr.  Tcwnley’s  experiments. 

27.  ’Tis  eafy  by  means  of  a  comprefling  weight  to  reduce  the  com-  Plain  in 
mon  air  to  4  its  bulk  ;  and  it  has  been  accurately  obferved,  that  twice  th zfirjlinjiawce. 
weight  gives  it  this  degree  of  condenfation  ;  for,  here  the  millefimal  pro¬ 
portion  of  the  incompreffible  particles  is  fo  fmall,  as  to  be  infenfible  in  this 
primary  condenfation,  fo  that  here  the  rule  correfponds  to  fight. 

28.  But  it  is  plainly  more  difficult  to  determine  this  law,  in  proportion  But  lefs  anl 
as  the .  air  is  more  and  more  compreffed :  we  fee  in  hydroftaticks,  that  iefs  after- 
fluids  prefs  upon  the  bottom  and  fides  of  the  containing  veffels,  in  pro-  wards, 
portion  to  their  perpendicular  altitudes  ;  whence  very  ftrong  tubes  would  be 
neceftary  to  carry  on  this  experiment,  fo  as  to  comprefs  the  air  into  a  -j-4-g 

part  of  its  natural  fpace.  It  alfo  appears  by  the  obfervations  of  the  academy 
del  Cimento ,  that  metallic  veffels,  filled  with  ponderous  liquors,  yield  and 
grow  larger  ;  much  more  would  veffels  of  glafs  do  fo  :  yet  this  is  the  mat¬ 
ter  here  required  for  the  purpofe,  in  order  to  obferve  and  mark  the  height 
of  the  compreffing  quickfilver,  in  proportion  to  that  of  the  air  compreffed  5 
fince  an  exa<5t  knowledge,  and  juft  comparifon  of  thefe  heights,  are  here  abfo- 
Jutely  requifite.  Befides,  great  caution  muft  needs  be  required,  the  tube  muft 
be  very  high,  not  dilatable,  of  a  perfectly  even  bore,  and  perfe&ly  tranfpa- 
rent ;  at  the  fame  time  the  air  to  be  compreffed,  fhould,  during  the  whole 
examination,  remain  conftantly  of  the  fame  equable  heat  ;  the  leaft  increafe 
whereof  will  dilate  the  air  more,  as  it  is  the  more  compreffed  by  the  in¬ 
cumbent  weight.  Phyfical  experiments  are  made  in  the  midft  of  a  thou- 
fand  concurring  caufes,  any  of  which  being  negle&ed  alters  the  cafe. 

29.  To  render  this  matter  clearer,  it  may  be  worth  while  to  relate  a f-  The  difco-vey 
ter  what  manner  philofophers  difcovered  this  law  of  the  air’s  elafticity ;  °f  this  law. 
whence  we  may  the  better  judge  what  is  reafonably  to  be  thought  of  it, 

and  of  its  expanfion,  which  perhaps  has  been  ftretched  too  far.  Mr.  Boyle 
took  a  glafs-tube  A  B  be  bent,  as  expreffed  in  the  figure,  open  at  A,  her-  Plate  7.  Fig, 
metically  fealed  at  c ;  it  was  nearly  of  an  equal  width  at  b  c,  and  confifted  r> 
of  thick  and  very  ftrong  glafs  ;  the  higher  leg  be  was  12  inches,  accurate¬ 
ly  divided  into  lines,  and  the  other  leg  A  B  was  feveral  feet  in  length  5 
then  by  the  pouring  in  of  quickfilver,  he  condenfed  the  air  in  b  c ,  from 
48  to  3,  or  from  16  to  1,  and  conftantly  found  the  fpace  of  the  compref¬ 
fed  air  diminifhed  proportionably,  as  the  weight  was  increafed  (g) . 

30.  As  thefe  have  been  the  methods  and  limits  of  the  obfervations,  that  The  caution 
fhew  air  to  be  compreffible  in  proportion  to  the  weights  applied  ;  it  ap-  It  retires. 
pears,  that  this  compreffibility  has  not  been  obferved  farther  than  to  ~  part ; 

nor  do  I  remember  any  experiments  publifhed,  that  have  carried  it  farther  : 

Dr.  Halley  (h)  indeed,  and  the  academy  del  Cimento  affirm,  that  air  cannot  be 

con- 

(g)  See  Boyle  Ahr.  Vol.  II.  p.  67.  and  Ma-  no  force  is  able  to  reduce  air  into  800  times 

riot  te  of  the  Nature  of  Air,  p.  151,  1^4.  lefs  fpace  than  it  naturally  poflefles  on  the 

(h)  Dr.  Halley  aflerts  in  the  Philofophical  furface  of  the  earth.  In  anfwer  to  which, 

Tranfattions ,  that  from  the  experiments  made  M.  Amontons  maintains  that  there  is  no  fixing 
at  London,  and  by  the  Academy  del  Cimento  any  bounds  to  its  condenf  aijn  at  all  ;  that 
at  Florence ,  it  may  be  fafely  concluded,  that  greater  weights  will  Hill  bring  it  into  lefs 

E  e  e  com- 
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condenfed  to  lefs  than  ^ts-  (0»  hut  they  have  not  defcribed  the  experiments, 
whereby  they  could  comprefs  it  to  fuch  a  degree  as  not  to  receive  a  farther 
compreflure  by  the  fame  means :  however  this  matter  be,  ’tis  certain  that 
air,  thus  comprefled,  again  dilates  it  felf  in  proportion  as  the  weight  is  lef- 
fened  *,  and  that  this  fpontaneous  dilatation  conftantly  obferves  this  law,  up¬ 
on  the  diminution  of  the  weight,  from  i  to  32,  as  Mr.  Townley  found  by  ex¬ 
periment,  according  to  what  Mr.  Boyle  relates  in  the  place  above  cited ; 
but  from  this  limited  experiment  we  muft  not  draw  too  general  a  conclufion, 
and  aflert  that  the  fame  law  conftantly  holds,  or  that  air  is  always  com- 
preflible  in  proportion  to  the  incumbent  weight ;  which  I  believe  is  not  de¬ 
termined.  This  much  I  my  felf  have  found  to  be  true,  viz.  1.  That  common 
air  may  be  truely  reduced,  and  confequently  condenfed,  into  a  44  part  of 
its  natural  fpace.  2.  That  it  may  expand  it  felf  equably  into  32  times  its 
natural  dimenfions.  3.  That  this  contraction  of  air  by  compreflure  depends 
entirely  upon  the  external  weight  applied.  4.  That  the  air,  freed  from  pref- 
fure,  barely  by  removing  the  incumbent  weight,  does  of  its  own  nature, 
without  any  other  caufe,  except  the  prefence  of  fire,  dilate  it  felf,  fo  as  to 
recover  the  very  dimenfions  it  loft  upon  compreflure.  5.  That  this  expan- 
five  power,  peculiar  to  air,  remains  in  it,  even  after  the  ftrongeft  compref- 
fion  ;  as  being  always  exadly  proportional  to  the  weight  removed.  6.  That 
“’tis  always  capable  of  fuftaining  preflure  *,  for,  even  after  its  rarifadion  to 
32  ;  by  removing  the  weight,  the  air,  thus  rarified,  maybe  recomprefled  by 
the  fame  weight  applied.  7.  That  this  dilatation  and  compreflion  of  the  air 
by  weight  exadly  correfponds  as  to  fenfe,  with  the  increafe,  or  diminution 
of  the  weight  applied.  As  to  that  obfervation  of  the  Italians  and  the  Englijh , 
that  air  cannot  be  comprefled  beyond  -^-o  Part  >  finee  they  have  not  taught 
us  their  method,  I  fliall  attempt  to  fhew  the  great  probability  of  the  fad, 
when  l  come  to  treat  of  the  corpufcles  that  float  in  common  air.  8.  That 
the  fpaces  poflefled  by  the  fame  portion  of  air,  are  thus  far  in  a  reciprocal 
proportion  of  the  comprefling  weight.  9.  That  this  always  holds  in  air, 
reduced  to  Part  °f  lts  fpace>  as  well  35  in  that  which  is  comprefled  by 
the  atmofphere.  10.  That  in  the  whole  extent,  from  32  to  1,  the  propor¬ 
tion  holds  invariably  the  fame,  according  to  Mr.  Townletf s  obfervations. 
11.  Whence  it  fee  ms  highly  probable,  that  the  fame  rule  always  holds  in 
farther  condenfations  •,  but  fo,  that  to  make  the  fame  compreflion,  a  greater 
weight  is  required,  as  the  air  becomes  more  denfe  ;  till  at  length  it  remains 
no  longer  comprelfible.  12.  That  air,  thus  confined  and  comprefled,  does 
not  pafs  thro*  the  pores  of  glafs,  nor  even  of  quickfilver  ;  for,  it  ftill  re¬ 
mains  in  the  tube,  tho’  fo  highly  condenfed  by  fuch  an  incumbent  weight 
of  mercury  ;  nay,  and  if  even  heated  in  this  ftate,  fo  as  to  raife  the  mer¬ 
cury,  ftill  it  neither  penetrates  that,  nor  the  glafs. 
fis  elafticity  31.  Indeftrudibility  is  another  law,  that  obtains  in  the  air’s  elafticity  ; 
unalterable.  fofj  after  all  the  experiments  hitherto  made  upon  it,  the  air  has  always  re¬ 
mained  elaftic  ;  fo  that  neither  long  continued  reft,  nor  violent  compref- 

fion* 

compafs  ;  that  it  is  only  elaftic  in  virtue  of  fire,  and  confequently  to  make  a  perfect  con- 
the  fiery  particle-  it  contains,  and  that  it  is  denfation. 

-impoftible  abfoluteiy  to  drive  out  all  the  (*)  See  Memoirs  of  the  Royal  Academy  of 

Sciences,  An.  1703.  p.  102. 
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Aon,  can  deprive  it  thereof  *,  thus,  when  Mr.  Boyle  and  M.  Mariotte  ftrong- 
ly  compreffed  common  air  in  a  gun-barrel,  and  kept  it  long  in  a  quiet 
place, yet  upon  opening  the  barrel,  they  found  this  air  as  elaftic  as  at  firft ;  and 
M.  Roberval ,  examining  air,  after  it  had  been  confined  fifteen  Years  in  the 
fame  manner,  found  its  elafticity  perfed  ( k ).  It  will  hereafter  appear,  that 
the  elaftic  parts  of  air,  deeply  immerfed  in  the  pores  of  fluid,  or  folid  bo¬ 
dies,  being  at  length  fet  free,  and  then  uniting  with  others,  exert  the  fam« 
degree  of  elafticity,  which  they  thus  feem  to  have  loft,  by  giving  no  figni 
thereof  ;  but  when  once  releafed,  they  prefently  recover  themfelves,  and 
produce  extraordinary  effeds,  merely  owing  to  their  elafticity :  which  fliows, 
that  neither  time,  nor  reft,  nor  even  their  fuppofed  concretion  with  animal, 
vegetable  and  mineral  bodies,  can  deftroy  this  wonderful  property  of  the  air. 

And  we  fee  by  experiment,  that  thefe  elaftic  particles  of  air,  when  exifting 
feparate,  may  be  fo  united  with  other  bodies,  or  remain  fo  much  at  reft* 
therein,  as  to  afford  no  figns  of  elafticity  for  ages ;  and  yet  when  they  come 
to  be  loofened,  and  mixed  with  other  particles  of  a  like  nature,  they  recover, 
or  appear  to  have  retained  their  whole  elafticity :  thus  in  the  diftillation  of 
hartfhorn,  which  may  be  kept  for  ages,  we  fee  a  large  quantity  of  air  pro-  A  Jingle  par* 
duced  ;  whence  it  appears  highly  probable,  that  a  Angle  particle  of  air  is  tide  of  air  taf 
not  elaftic  ;  but  that  the  elafticity  of  air  arifes  from  two  of  thefe  particles,  elaftic, 
touching  and  repelling  one  another  ;  fo  that  if  a  parcel  of  thefe  particles 
fhould  be  fo  far  diftant  from  each  other,  as  to  exert  no  repelling  force,  the 
whole  of  them  would  make  no  refiftance  to  their  compreflion,  nor  be  capable 
of  fpontaneous  expanfion,  till  they  come  to  be  compreffed  fo  clofe,  as  that 
they  might  exert  their  repelling  force.  A  Angle  particle  of  air  therefore  would 
not  be  elaftic  *,  but  elafticity  depends  upon  the  contad  of  feveral  particles. 

We  may,  therefore,  fuppofe  the  effeds  of  elaftic  air  to  be  immutable  and 
eternal. 

32.  But  how  much  foe ver  air  hath  been  compreffed  by  weight,  it  hath  Condenfed ait 
always  remained  highly  fluid,  and  capable  of  reftoring  itfelf  fo  eafily  in  all  a  ftuici' 

its  parts,  as  perfedly  to  poffefs  its  former  fpace  ;  all  thefe  parts  receding 
from  one  another  as  readily,  as  they  came  together.  And  as  this  has  been 
the  uniform  fuccefs  of  all  the  experiments  hitherto  made,  from  1  to  52000; 
it  may  be  prefumed  true,  that  the  fluidity  of  air  remains  unchanged  in  this 
large  fcale  of  rarifadion  and  condenfatkm,  fo  as  never  to  become  a  folid  by 
any  force,  either  of  cold,  or  preffure. 

33.  Mr.  Boyle  has  demonftrated  a  confiderable  paradox,  with  refped  to  this  Spring  of  air* 
elafticity  of  air,  by  fhewing  that  the  elafticity  in  every  part  thereof  may ,  without  equal  to  its,  " 
any  farther  compreflion  than  it  receives  from  the  atmofphere,  fuftain  the  whole  weigh* 
weight  of  an  entire  column  thereof ;  and  that  this  elafticity,  in  a  very  fmali 
quantity  of  air,  fo  powerfully  refills  the  preffure  of  bodies  by  its  expanfion,  as 

to  equal  the  power  of  the  external  weight  (/) :  this  he  fhews  by  the  two  fol¬ 
lowing  experiments.  (1.)  Take  a  barometer,  with  the  mercury  ftanding  in  it 
at  the  height  of  28  inches,  plunge  its  lower  part  into  a  clofe  cylindrical  veffel 
filled  with  mercury  ;  this  veffel  being  fo  contrived,  that  by  turning  of  a  cock, 

E  e  e  2  all 

(  k  )  See  du  Hamel  Hifl.  of  the  Royal  Acade -  fpaces,  pofleffed  by  the  air,  are  always  in- 
tny  of  Sciences,  p.  368.  verily  as  the  forces  whereby  it  is  compreffed. 

(/)  The  rule  of  this  dilatation,  i.%  that  th« 
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all  communication  may  be  cut  off  between  the  external  air  and  that  fmal 
quantity  contained  in  the  veffel,  above  the  furface  of  the  mercury  ;  the  cock 
therefore  being  thus  turned,  fo  as  to  exclude  the  external  air,  no  other  air 
can  prefs  upon  the  furface  of  the  mercury,  except  that  fh ut  up  along  with 
it  *,  but  now  the  mercury  in  the  tube,  {till  remains  at  the  fame  height,  as 
it'  did  when  the  whole  weight  of  the  atmofphere  preffed  upon  it ;  con- 
fequently  this  fmall  quantity  of  confin’d  air  fuftains  the  weight  of  the  quick- 
filver,  as  much  as  that  of  the  incumbent  atmofphere  :  and  if  in  this  ftate  the 
veffel  be  heated,  the  quickfilver  gradually  rifes  higher  in  the  tube  *,  for,  as  the 
included  air  cannot  get  out,  it  expands  with  heat,  and  thus  preffes  the  fur¬ 
face  of  the  quickfilver,  fo  as  to  raife  it:  and  tho’  but  a  very  fmall  quantity 
of  air  were  contained  in  this  veffel  above  the  mercury,  thefe  effeffs  will  be 
the  fame.  (2.)  Again,  let  the  veffel  be  almoft  full  of  quickfilver,  only  a 
little  air  remaining  upon  the  furface ;  if  now  a  fmall  glafs  tube,  open  at  both 
ends,  be  dipped  into  the  mercury,  fo  as  no  air  can  get  in  or  out  from  the 
veffel,  along  the  furface  of  the  tube  *,  then  the  air  by  means  of  the  air-pump, 
being  extracted  from  the  tube,  the  quickfilver  will  rife  into  the  barometer, 
to  nearly  the  height  of  28  inches,^  as  if  the  whole  weight  of  the  atmofphere 
had  preffed  it(m).  And  this  elaftic  power  of  the  air  deferves  the  particular 
regard  of  chemifts,  as  it  may  certainly  produce  furprifing  and  terrible  effeCts 
in  all  their  operations,  perform’d  by  fire  in  clofe  veffels,  by  compreffmg  the 
fubjedts,  burfting  the  glaffes,  &V. 

34.  A  very  fmall  portion  of  air,  therefore,  under  confinement  may  pro¬ 
duce  the  fame  effedls  as  a  larger :  thus  if  common  air  fhould  be  lodged  in 
any  compreflible  cavity,  it  may  there  not  only  fuftain,  but  even  repel  the 
whole  preffure  of  the  atmofphere,  upon  coming  to  be  rarified  by  fire,  or 
freed  from  external  preffure,  fo  as  immediately  to  expand  or  rarify,  and 
equal  the  force  of  a  larger  quantity.  ’Tis  another  law  of  this  elafticity  of 
air,  that  when  air  is  condenfed  to  a  certain  degree,  it  expands  itfelf  every 
way  upon  the  application  of  heat;  and  the  power  of  this  expanfion,  arifing 
from  heat,  is  the  fame  as  if  the  air  was  condenfed  inftead  of  being  rari¬ 
fied  •,  for  example,  if  in  the  foregoing  cafe  and  apparatus,  the  air  in  the 
veffel  raifes  the  mercury  in  the  barometer  28  inches,  and  then  the  air  in 
this  veffel  becomes  twice  as  denfe,  it  will  raife  die  mercury  to  56  inches, 
as  Mr.  Boyle  has  fhewn;  fo  on  the  other  hand,  if  the  former  air  be  rarified 
to  twice  its  bulk,  upon  the  application  of  fire,  and  yet  be  confined  within 
the  fame  veffel,  it  will  then  alfo  raife  the  mercury  to  56  inches  :  and  all  kinds 
of  experiments,  made  with  the  barometer  and  thermometer,  manifeft  this  to 
be  true.  And  hence  arife  great  and  unexpected  chemical  effects,  upon  the 
application  of  fire  to  air,  aflignable  to  no  other  caufe,  and  deferving  to  be 
carefully  remarked. 

35.  The  rarifaCtion  in  air  by  heat  is  quicker  than  in  any  other  known 
folid,  or  fluid  body  ;  an  otherwife  imperceptible  increafe  of  heat  immediately- 
producing  a  fenfible  rarifaCtion  of  the  air  in  DrebeV s  thermometer-:  but  the 
preceeding  hiftory  of  fire  has  fhewn  thefe  things  fo  particularly,  that  they  need 
not  be  repeated.  We  only  add  that,  air  is  fo  prodigioufly  rarifiable  by  fire,, 

that 


(m)  See  Mr.  Byte's  met  banket  expcr,  mol,  1.  part  2.  p.  24. 
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that  nisri«Hlfe>iiave  hitherto  been  found  of  its  expanfion  ;  the  heat  of  boiling 
water  rWines  it  4  of  its-  bulk  (n) :  but,  this  rarifadtion  muft  needs  be  very 
great  in  a  fire  capable  of  melting  iron  ;  to  which  purpofe  confult  the 
hiftory  of  fire  above. 

36.  We  alfo  find,  that  unequal  quantities  of  air  of  the  fame  denfity  expand 
equally  with  the  fame  degree  of  heat  *,  and  confequently,  that  thefe  expan- 
fions  of  air  of  the  fame  denfity  univerfally  correfpond  to  the  increafe  of  heat 
applied  ;  whence  if  the  degree  of  expanfion  of  any  portion  of  air  to  a  given 
heat  be  known,  its  degree  of  expanfion  may  be  determined  in  all  other 
cafes  :  many  excellent  particulars  to  this  purpofe  may  be  found  in  the  Me¬ 
moirs  of  the  Royal  Academy  of  Sciences  ( 0 ). 

37.  ’Tis  alfo  conftantly  found,  that  the  more  air  is  condenfed  by  com- 
prefture,  the  more -elafiic  it  becomes  with  the  fame  degree  of  heat,  and  this 
nearly  in  a  direcft  proportion  of  its  denfity,  as  M.  Amontons  has  difcovered  (J>) ; 
fo  that  air,  greatly  condenfed,  may  acquire  a  ftrongly  refifting  force  by  a 
very  fmall  heat ;  whence  if  air  could  poffibly  be  condenfed  to  part  of 
its  fpace,  it  might  by  the  heat  of  boiling  water  be  made  capable  of  fuftaining 
29600  inches  of  mercury,  as  common  air  with  the  fame  heat  fuftains  37  : 
this  prodigious  power  may  lhew,  that  if  the  higheft  fubterraneous  heat  be 
applied  to  air,  comprefied  to  -^-0  part  of  its  bulk,  in  the  deep,  parts  of  the 
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earth,  an  almoft  incredible  power  would  thence  arife,  fo  as  far  to  exceed 
all  the  effects-  we  are  acquainted  with;  doubtlefs,  the  elafiic  power  of  the- 
air  would  increafe  in  a  compound  ratio  of  the  inqreafed  denfity  and  heat 
applied  (q)  :  the  converfe  alfo  holds  true,  fo  that  air,  twice  as  much  rarified^ 

requires 


(»)  See  Hifiory  of  the  Royal  Acad,  of  Scienc. 
anno  1 699,  p.  101 .  . 

[0)  Ibid  anno  1699.  P*  173 >  and  anno  1702, 
p.1  —  5. 

(p)  See  Hifiory  of  the  Royal  Acad,  anno  \  JO-2, 
p.  1  —  5,  and  Mem.  155. 

{q)  M .  Amontons  has  adifcourfe  to  prove  that 
the  weight  and  fpring  of  air,  with  a  moderate 
degree  cf  warmth,,  may  enable  it  to  produce 
earthquakes,  itfc.  According  to  the  experi¬ 
ments  of  M.  de  la  Hire,  and  M.  Amontons,  a 
column  of  air  on  the  furface  of  the  earth,.  36 
fathoms  high,  is  equal  in  weight  to  three  lines 
of  mercury  ;  and  it  is  found  that  equal  weights 
of  air  pciTefs  fpaces  reciprocally  proportional 
to  the  weights  wherewith  they  are  preffed  : 
the  weight  of  air,  therefore,  which  would  fill 
the  whole  fpace  poiTefled  by  the  terreftrial 
globe,would  be  equal  toacylinder  of  mercury, 
whofe  bafe  is  equal  to  the  furface  of  the  earth, 
and  its  height  contains  as  many  times  three 
lines  as  the  atmofpherical  fpace  contains  orbs 
equal  in  weight  to  that  of  the  36  fathoms, 
whereof  the  experiment  was  made. 

Hence  taking  the  denfefl  of  all  bodies,  e.gr. 
Gold,  whofe  gravity  is  about  14630  times 
greater  than  that  of  air  in  our  orb,  it  is  eafy 
to  compute,  that  this  air  would  be  reduced  to 


the  fame  denfity  as  gold  by  the  prefiure  of  a: 
column  of  mercury  14630  times  28  inches 
high,  i.  e.  4096^0  inches  ;  fince  the  bulks  of 
air,  in  that  cafe,  would  be  in  the  reciprocal 
ratio  of  the  weights,  wherewith  they  are  pref¬ 
fed  ;  thus  409640  inches,  therefore,  exprefies 
the  height,  at  which  the  barometer  muft  Hand, 
where  air  would  be  as  heavy  as  gold,  and  the 
number  2  lines,  thethicknefs  to  which 

our  column  of  36  fathoms  of  air  would  be  re¬ 
duced  in  the  fame  place.  Now  we  know,, 
that  409640  inches,  or  43528  fathoms  is  only 
the  feventy-fourthpart  of  the  femi-diameter  of 
the  earth  ;  and  when. you  are  paft  that,  what¬ 
ever  matters  there  be,  they  muft  be  lighter 
than  air.  It  is  not  improbable,  therefore  that 
the  remaining  fphere  of  6451538  fathoms  dia¬ 
meter,  may  be  full  of  denfe  air,  heavier  by 
many  degrees  than  the  heavieft  bodies  among, 
us. 

Hence,  again,  as  it  is  proved  that  the  more 
air  is  comprefied,  the  more  does  the  fame  de¬ 
gree  of  fire  increafe  the  force  of  its  fpring, 
and  render  it  capable  of  fo  much  the  greater- 
eftett  ;  and  that,  for  inftance,the  heat  of  boil¬ 
ing  water  increafes  this  fpring  of  our  air  be¬ 
yond  what  it  ordinarily  is,  by, a  quantity  e- 
cjual  to  one  third  of  the  weight,  wherewith. 
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fCquires  twice  the  heat  to  make  it  of  the  fame  elafticity,  &c.  as  the  above- 
mentioned  author  has  ftiewn  by  experiments ;  whence  we  fuppofe,  that  air 
at  the  top  of  the  atmofphere  would  fcarce  be  rendered  more  elaftic  by  the 
moft  violent  fire,  being  already  fo  highly  rarified. 

38.  The  next  thing  obfervable  in  air,  with  regard  to  its  elafticity,  is,  that 
it  condenfes  by  cold,  as  well  as  by  increafe  of  weight*,  fo  that  an  increafe 
of  cold  always  increafes  its  denfity.  The  higheft  known  degree  of  cold 
in  the  north  of  Europe  is  marked  on  the  beginning  of  Fahrenheit's  thermo¬ 
meter:  hence  by  defending  from  the  degree  of  boiling  water  to  O,  we  may 
learn  the  effeCt  of  cold  in  the  condenfing  of  air  *,  but  as  artificial  cold  re¬ 
duces  the  fpirit  of  this  thermometer  40  degrees  below  O,  hence  we  know 
the  power  of  cold  in  increafing  the  denfity  of  the  air,  and  find  that  no  body 
in  nature  has  its  bulk  more  contracted  thereby  than  air :  when  the  atmo¬ 
fphere  is  46  degrees  hot  by  Fahreriheif s  thermometer,  if  the  heat  be  farther 
increafed  by  166  degrees,  it  will  then  be  212,  the  heat  of  boiling  water, 
when  air  is  rarified  4 » confequently,  166  degrees  of  heat  expand  air  4>  and  by 
adding  40  degrees  to  212,  we  fhall  have  252,  for  the  difference  between  the 
higheft  known  degree  of  cold  and  the  heat  of  boiling  water;  within  which 
difference  the  air  is  cendenfed  to  4r?  or  nearly  4  of  the  whole.  Upon  the  fame 
footing,  fuppofing  the  greateft  heat  of  the  atmofphere,  in  a  free  air,  to  rife 
by  natural  caufes  up  to  90  degrees,  which  I  believe  feldom  happens ;  in  this 
cafe,  the  rarifaCtion  or  condenfation  of  the  aif  from  the  greateft  natural  cold 
to  the  ftrongeft  natural  heat,  may  either  increafe  or  diminilh  to  44-  Hence 
it  appears,  how  great  a  change  may  be  made  in  nature  by  the  air,  as  it 
furrounds  bodies,  or  lodges  in  them,  and  receives  the  effeCts  of  natural  heat 
and  cold  ;  the  knowledge  of  which  is  of  great  ufe  in  the  bufinefs  of  fermen¬ 
tation  and  putrefaClion  ;  the  greateft  difference  between  the  moft  rarified  air 
and  the  moft  condenfed  is  determined  by  Mr.  Boyle  to  be  as  1  to  520000. 

39.  This  elafticity  is  fo  peculiar  to,  and  infeparable  from  air,  as  not  to 
be  deftroyed  by  the  moft  violent  fire ;  for,  if  a  fpherical  glafs  phial  be  kept 
in  a  glafs-houfe  furnace,  till  ready  to  melt,  and  then  be  hermetically  fealed 
in  that  heat,  and  fuffered  gradually  to  cool ;  if  now  it  be  held,  inverted, 
under  cold  water,  and  the  end  of  the  neck  be  carefully  broke  off,  the  water 
will  be  violently  forced  into  it,  and  fill  the  glafs,  but  fo  as  to  leave  a  bubble 
of  true  elaftic  air  at  the  top  ;  which  fhews,  that  the  elafticity  of  the  air  could 
not  be  deftroyed  by  fo  great  a  heat :  and  by  comparing  the  weight  of  this 
phial,  full  of  water,  with  that  of  the  fame  phial,  full  of  water  and  the  air- 
bubble,  we  may  learn  the  degree  of  expanfion  that  air  fuffers  by  a  heat 
wherein  glafs  is  ready  to  melt.  And  hence  chemifts  may  know,  what  changes 
they  are  to  expeCt  in  their  operations,  when  they  treat  bodies,  full  of  air, 
with  fuch  a  degree  of  heat :  and  tho*  they  feldom  think  of  fuch  things,  yet 
it  is  of  confequence  that  operators  fhould  remember  them. 

40. 

it  is  preffed ;  we  may  infer  that  a  degree  of  of  boiling  water,  it  is  probable  there  may  be 
heat,  which  in  our  orb  can  only  produce  a  fome,  whofe  violence,  thus  affifted  by  the 
moderate  efleft,  may  have  a  very  violent  one  weight  of  the  air,  may  be  fufficient  to  tear 
in  fuch  lower  orb  ;  and  that  as  there  may  be  afunder  the  folid  globe.  Meta,  de  I'Aead.  amt. 
many  degrees  of  heat  in  nature,  beyond  that  1 703. 


The  Theory  a/'Che  mistr  v.  399 

40.  Since  therefore,  after  fo  high  a  degree  of  rarifa&ion,  as  from  1  to  K°r  by  any 
520000,  or  more,  and  the  correfponding  numerous  condensations,  by  the  otker'waJ* 
higheft  degrees  of  heat  and  cold,  and  this  for  fo  many  years  fucceffively, 

the  elafticity  of  air  may  ftill  remain  unaltered,  *tis  probable  that  air  is  an 
unchangeably  elaftic,  moveable  fluid,  conftantly  operating  in,  and  upon  all 
bodies,  by  its  own  peculiar  vibratory  motion. 

41.  Having  hitherto  conftdered  the  properties  of  common  air,  as  they  The  contents 
relate  to  chemiftry  ;  we  next  proceed  to  examine  into  its  contents,  which  are  «*>• 

not  only  incredibly  numerous  and  various,  but  alfo  different  in  different 
parts  of  the  atmofpere ;  fo  that  it  may  properly  be  confidered  as  an  univerfal 
chaos,  confifting  of  almoft  all  kinds  of  corpufcles,  confufedly  jumbled  toge¬ 
ther,  and  conflicting  one  mafs  (r) :  we  fhall  examine  into  them  feverally, 
in  order  to  difcover  its  real  ftate. 

42.  Fire  is  a  conftant  concomitant  of  the  air,  as  is  plain  from  out  hiftory  Fire  in  air, 
of  that  element,  and  lodges  in  it  in  the  fame  quantity  as  in  all  other  bodies 

and  in  the  'Torricellian  vacuum ,  as  hath  been  already  {hewn  by  repeated 
trials  with  the  thermometer ;  for,  fire  is  plainly  contained  in  vacuo ,  in  air, 

&V.  always  alike,  both  in  quantity  and  quality  ;  whence  we  have  a  farther* 
confirmation  of  this  rule,  that  fire  is  co-extended  with  fpace.  And  fince 
fire  does  not  lodge  in  one  body  more  than  in  another,  it  hence  follows,  that 
no  one  part  of  air  will  be  hotter  than  another,  on  account  of  its  containing 
different  bodies  ;  and  therefore  fire  is  always  equally  diftributed  in  air,  fe- 
parately  confidered:  on  the  other  hand,  numerous  caufes  may  arife,  and  be 
applied  in  the  air,  fo  as  to  colled:  fire,  in  a  certain  place,  after  a  manner 
fcarce  to  be  determined  ;  as  we  have  fhewn  in  the  hiftory  of  fire. 

43.  Water  likewife  is  always  prefent  in  air,  fo  as  fcarce  to  be  feparated  In  water* 
from  it  by  art.  As  the  perfpirable  matter  is  chiefly  water,  and  as  Sanblorius 

has  fhewn,  that  a  man  in  health  perfpires  nearly  fix  pounds  in  twenty-four 
hours,  how  large  a  quantity  hereof  muft  go  off  into  the  air  from  the  bodies 
of  all  animals  ?  Plants  alfo  are  obferved  to  perfpire,  and  Dr.  Hales  in  his 
vegetable  fiatics  fhews,  they  thus  difeharge  a  prodigious  quantity.  Again, 
what  a  quantity  of  water  is  exhaled  by  fubterraneous  fires,  &V.?  Dr.  Halley 
has  computed,  that  the  Mediterranean  alone,  in  one  fummer’s  day,  without 
the  afiiftance  of  winds,  exhales  52800000000  hogfheads  of  water  ( s ).  Since 
therefore,  the  fun  and  winds  may  ftill  raife  a  much  geater  quantity  ;  to  which 
if  we  add  all  that  arifing  from  mifts,  dew,  rain,  hoar-froft,  hail,  fnow,  and 
nodurnal  moifture,  which  might  be  collected  in  the  fpace  of  a  year,  and 
add  it  to  the  water  which  rifes  into  the  air  by  means  of  natural  heat,  in 
the  fame  time  *,  we  fhall  find  the  whole  capable  of  covering  the  furface  of 
the  earth  to  about  30  inches,  as  Cruquius  has  fhewn  in  his  meteorological 
tables  \  whence  it  is  probable,  that  fuch  a  quantity  of  water  is  annually  ex¬ 
haled  into  the  air. 

We  have  alfo  a  fenfible  proof,  that  water  is  contained  in  every  part  of  air, 
by  means  of  the  air-pump  ;  where,  as  the  air  is  extracted,  the  remainder, 

being 

(r)  This  Mr.  Boyle  long  ago  noted :  *  Oar  *  great  mafs  of  fluid  matter,  yet,  perhaps, 

*  atmofphere,  fays  he ,  is  a  compound  or  ag-  *  there  is  not  a  more  heterogeneous  body  in. 

*  gregate  of  effluvia  from  fuch  different  bodies,  ‘  the  world.  Sufpic.  of  Hid.  £>ual.  in  the  Jir, 

*  as,  tho’  they  all  agree  in  constituting,  by  (j)  See  Pbilof.  IranfAbridg,  Yol.  II.  p.  lop. 

*  their  minutenefs  and  various  motions,  one 
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being  more  rarified,  becomes  unable  to  Support  the  water,  which  therefore, 
falls  on  the  Inflde  of  the  glafs  receiver,  fo  as  to  render  it  opake  and  cloudy  ^ 
which  not  only  fhews  us,  that  water  is  contained  in  all  air,  but  alfo  that  the 
more  rare  the  eladic  part  of  the  air  becomes,  it  always  proves  lefs  capa¬ 
ble  of  containing  water. 

44.  But  that  water  is  copioufly  contained  in  all  common  air,  appears 

evidently  in  the  making  of  oleum  tartari  per  deliquium  where,  the  dry  fixed 
fait,  being  expofed  to  the  air  of  any  place,  fpontaneoufly  diffolves  by  means  of 
the  water  it  attracts  from  the  air,  fo  as  to  afford  a  confiderable  increafe  of 
weight ;  which  may  eadly  be  tried  by  the  balance,  and  fometimes  amounts 
to  thrice  the  original  weight  of  the  fait  employed  :  and  this  water  fo  at¬ 
tracted  by  the  air,  may  be  obtained  feparate,  by  diddling  the  oleum  tartari 
per  deliquium  to  drynefs.  It  is  here  remarkable,  that  the  water,  thus  attracted 
from  the  air  by  the  fait,  performs  the  folution  in  a  different  manner  than  if 
common  water  was  put  to  the  fame  fait *,  for,  the  acceftion  of  the  water  in 
this  experiment  being  fucceffive  and  flow,  it  only  diffolves  that  pure  part 
of  the  alkaline  fait,  which  is  mod  foluble,  and  thus  feparates  this  part  from 
the  red,  which  is  more  earthy  ;  a  thing  that  can  be  performed  no  other 
way  :  and  hence,  by  repeated  folution  and  coagulation,  the  whole  quantity 
of  fait  may  at  length  be  converted  into  earth,  and  a  volatile  fubdance,  that 
does  not  appear  to  the  fenfes  as  was  well-known  to  Helmont  and  other 
alchemids  before  him.  '  • 

45.  Thefe  condderations  led  me  to  difcover  that  the  air  contained  in  a 
three-pint  bottle,  might  hold  water  enough  to  moiflen  an  ounce  of  fait 
of  tartar,  and  increafe  its  weight :  and  upon  repeating  the  experiment, 

I  found,  that  the  water  (here  mixed  with  the  air)  being,  perhaps,  850  times 
heavier  than  common  air,  mud  make  up  the  larged  part  of  the  weight  of 
this  portion  of  air*,  for,  if  the  850th  part  of  common  air  be  water,  the 
whole  weight  of  the  air  mud  be  owing  to  the  water  alone  ;  whilft  the 
other  parts  add  little  or  nothing  to  the  weight,  or  perhaps  do  not  gravitate 
at  all.  M.  Deventer  the  famous  writer  upon  midwifery,  allured  me  he 
had  made  the  fame  obfervation. 

46.  The  following  conclufions  may,  perhaps,  bejitdly  drawn  from  the 
premifes.  (1.)  That  the  air  is  always  in  motion,  tho’  the  place  be  ever  fo 
ftill,  clofe,  or  fubterraneous  ;  otherwife  the  water,  diffufed  in  the  air,  can¬ 
not  well  come  in  contact  with  the  fait  of  tartar  ;  for,  if  a  cubic  foot  of  air 
contains  at  mod  but  °f  a  Pound  troy  of  water,  and  depodts  its  water  in 
the  fait,  contained  in  a  clofe  veffel,  all  the  air  mud  play  about  the  furface 
of  this  fait,  fo  that  all  its  parts  may  fucceflively  touch  it,  and  depodt  the 
water  they  contain ;  or  (2.)  We  mud  fuppofe,  that  the  aqueous  particles 
at  one  time  diffufed  thro’  the  whole  mafs  of  the  air,  move  in  a  certain 
time  thro’  it,  fo  as  fucceflively  to  be  in  all  the  parts  thereof,  and  at  length 
meet  in  the  fait  contained  within  this  air*,  or  (3.)  We  mud  allow,  that 
there  is  a  real  attractionbetween  the  fait  and  the  water :  and  if  attraction  be 
here  fuppofed  the  caufe  of  the  effect,  the  attraction  mud  be  allowed  of  an 
extendve  nature ;  flnce  the  fait  employed  will  attract  thrice  its  weight  of 
water  j  as  three  ounces  of  water  mud  here  poffefs  at  lead  two  cubic  feet  and 
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a  half  of  air :  but  to  me  it  feems  probable,  from  the  experiments  I  have  made, 
that  all  the  three  above-mentioned  caufes  concur  to  produce  the  effed.  It 
is  obfervable,  that  in  the  preceding  experiment,  nothing  elaftic  can  be  found  in 
the  oil  of  tartar  per  deliquium ,  and  that  the  fait  appears  to  attrad  the  moifture 
of  the  air,  without  deftroying  its  elafticity ;  whence,  it  fhould  feem  that 
the  more  the  air  is  freed  from  aqueous  vapours,  the  more  elaftic  it  becomes.  ' 

In  a  clear  dry  feafon,  the  atmofphere  is  always  heavier,  and  the  water  afcend9 
higher  therein  ;  fo  that  the  atmofphere  never  contains  more  water  than 
when,  by  reafon  of  its  drynefs  below,  it  feems  to  contain  the  leafK  *Tis  eafy 
to  imagine,  that  the  higher  the  water  afcends  into  the  atmofphere,  the  more 
fpace  it  poffefles,  or  the  more  it  is  rarified,  till  the  particles  come  to  be  fet 
fo  far  afunder,  as  to  lofe  the  property  of  moifture  ;  but  if  the  barometer 
ftands  high,  and  thick  fetid  fogs  arife,  watery  particles  almoft  conftantly 
float  low,  and  are  attended  with  grofs,  oily,  faline  exhalations  ;  all  which, 
at  this  time,  are  not  equally  mixed  together.  On  the  other  hand,  when  the 
barometer  ftands  low,  and  the  weather  proves  hot  and  cloudy  *,  the  water, 
now  falling  lower  in  an  uniform  vapour,  occafions  a  mift  without  rain  *, 
whence  it  appears,  that  an  air,  loaded  with  water,  may  often  appear  to  be 
dry,  clear  and  tranfparent  \  but  when  it  contains  lefs  water,  and  this  falls 
low,  fo  as  to  colled  together  unequably,  it  may  prove  to  be  moift,  thick, 
and  dark  ;  as  we  fee  in  chemical  diftillations  of  water,  where,  if  the  glaffes 
are  well  clofed,  while  the  operation  is  performed,  we  find  no  appearance  of 
vapour  *,  but  if  an  opening  be  made,  and  the  equality  of  preffure  thus  de- 
ftroy’d,  the  water  exhales  into  the  air  in  the  form  of  vapour,  rendering 
the  contiguous  bodies,  and  the  air  itfelf,  moift,  dark,  and  cloudy. 

47.  But  if  in  a  long  continued  fummer’s  drought,  the  furface  of  the  earth  Dfav  'in 
comes  to  be  greatly  parched  with  the  heat  of  the  fun,  not  only  water,  but  atr' 
alfo  other  lefs  volatile  fubftances,  of  an  unduous  and  faline  nature,  will  thus 
be  raifed  to  fome  height  into  the  atmofphere  *,  tho’  invifibly,  fo  long  as  fuch 
exhalations  are  agitated  by  the  fun’s  heat,  which  coming  to  leffen  towards 
the  evening,  the  air  foon  grows  cooler  ;  whilft  at  the  fame  time,  the  earth, 
retaining  the  heat  much  longer  than  the  air,  ftill  continues  to  breathe  out  hot 
exhalations  ;  whence  arifes  a  white  denfe  vifible  vapour,  hotter  below  than 
above :  this  vapour  appears,  therefore,  ftrft  in  low,  watery  places,  thence 
gradually  diftufes  itfelf,  fo  as  in  the  night  to  cover  the  earth  with  a  mift, 
which  is  diflipated  by  the  riling  fun.  This  moifture,  called  by  the  name  of 
dew,  is  a  very  compound  fubftarrce ;  nor  can  we  affert  any  thing,  that  will  hold 
univerfally  true  of  its  peculiar  nature  :  it  muft  needs  be  a  chaos,  as  it  is  a 
colledion  of  all  forts  of  volatile  particles,  promifcuoufly  jumbled  together 
by  the  heat  of  the  fun,  ading  upon  the  earth  ;  it  muft  alfo  be  different  in 
different  parts  of  the  earth,  according  as  different  kinds  of  particles  lodge 
therein.  Thus,  in  large  trads  of  gravelly,  or  heath  ground,  which  lie  dry 
and  high,  it  will  be  fmall  in  quantity,  and  almoft  totally  aqueous  *,  as  in  fat 
bituminous  earths,  near  marfhes,  and  ftanding  waters,  it  is  far  different  in 
quantity  and  quality,  and  prejudicial  to  health  •,  whence,  it  is  no  wonder 
that  chemifts,  in  their  analyftng  of  dew,  fhould  find  fuch  different  refults, 
that  fcarce  any  two  are  agreed  about  them :  certainly,  they  who  feek  for 
the  fpirit  of  life,  the  univerfal  folvent,  the  mercury  of  life,  the  nitre  and 
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Reel  of  Sendivogius ,  in  dew,  feem  not  to  take  them  right ;  it  is  more  fober 
to  fay,  that  dew  is  of  a  fubtle  faponaceous  nature,  capable  of  fupporting  ve¬ 
getables.  Some  dew,  that  had  been  colle&ed  in  a  certain  part  of  the  earth, 
has  afforded  a  liquor,  by  diftillation,  which  ftruck  the  colours  of^he  rainbow 
upon  glafs,  fo  ftrong  as  not  to  be  effaced  by  fritftion,  alkaline  lixiviums,  or- 
aqua  regia  ;  it  alfo  burnt  like  fpirit  of  wine  (/) ;  again,  fome  diftilled  dew, 
having  been  digefted  with  a  gentle  heat  for  eight  days,  and  then  rectified  fix 
times  over,  till  it  was  exceeding  fubtile,  is  reported  to  have  broke  three  glafs 
veffels  fucceffively,  tho*  it  ftili  remained  perfedfly  infipid  (u) :  again,  fome 
dew  is  defcribed  to  be  like  a  yellowifh  butter,  that  melts  by  being  rubbed 
upon  the  hand,  yet  grows  hard  and  dry  with  a  moderate  heat,  being  of  a 
fetid  odour,  and  to  be  found  in  pretty  large  lumps  in  the  night,  efpecially  in 
the  fpring  and  winter  {x).  The  nature  of  dew  alfo  differs  furprifingly  with  the 
different  feafons  of  the  year,  and  the  various  fucceffiOns  of  meteors ;  hence, 
exceedingly  fmall  feeds  of  vegetables,  and  invifible  eggs  of  minute  animals,, 
with  numerous  other  things,  coming  to  be  digefted,  fermented  or  putrefied, 
therein,  it  muft  afford  many  very  different  produ&ions  by  diftillation 
whence  chemifts  have  formed  very  odd  opinions  about  it  (y) :  we  can  only  fay' 
that  the  greateft  part  of  it  is  water;  and  that  the  other  parts  cannot  be. 
afcertained  on  account  of  their  infinite  variety. 

48.  ’Tis  manifeft  that  clouds  chiefly  arife  from  water,  and  that  water, , 
brought  into  an  equable  mafs,  is  tranfparent ;  fo  that  clouds  muft  be  formed 
from  water,  whofe  particles  are  beginning  to  come  together,  before  they- 
obtain  their  point  of  reft,  and  continue  to  roll  about  unequably  ;  hence  if 
water,  floating  in  the  air,  rifes  higher  and  higher,  its  parts  will  at  length 
rife  fo  high,  as  to  have  no  great  power  of  union,  but  rather  recede  from  each 
other  :  in  this  cafe,  they  will  not  conftitute  water,  but  the  primary  particles* 
of  water,  which  as  they  afterwards  begin  to  defcend,  come  clofer  together, . 
unite,  put  on  the  form  of  water,  and  conftitute  clouds ;  whence,  the  higher 
water  rifes  into  the  air,  the  clearer  and  dryer  the  feafon,  and  vice  versa  (a). . 
That  water  rifes  to  a  confiderable  height  in  the  air,  we  fee  by  the  moun¬ 
tains  in  Carniola ,  which  tho’  10274  geometrical  feet  high,  yet  fnow  is- 
found  on  their  tops  (z).  Even  the  high  mountain  of  Teneriff  is  daily  found 
to  have  clouds  about  it  in  the  middle  of  the  day,  which  turning  to  water, 
flow  down  fo  plentifully  as  to  water  the  whole  ifland,  where  fhowers  are 
wanting  ( b ). 

49.  When  the  lower  air  is  charged  with  water,  the  aqueous  particles 
begin  to  unite,  fo  as  to  form  the  minuteft  drops,  or  the  fineft  rain,  which 
generally  falls  thick,  but  with  little  force  ;  as  the  fmaller  thefe  drops  are, 
the  more  furface  they  have  in  proportion  to  their  bulk  *,  whence  their  defcent 
is  the  more  hindered  by  the  refiftance  of  the  air  :  but  when  water  begins 

to 


( t )  See  Rcpub.  of  Letters,  Vol.  I.  p.  590. 

(u)  Ibid.  an.  170S.  p.152. 

( x )  See  Phil.  Tranf.  Abridg.  Vol.  II.  p.  1 43* 

(y)  Ibid.  Vol.  II.  p.  141. 

(z)  See  Ad,  Erud.  Lipf  an.  1689.  p.  552. 
( a)  An  excellent  aftronomer  of  my  ac¬ 
quaintance,  fays  Mr,  Boyle ,  who  frequently 


took  the  height  of  the  clouds,  very  rarely 
found  any  even  of  the  white  ones,  in  fair  wea¬ 
ther,  to  be  more  than  |  of  a  mile,  and  feldom 
above  £  a  mile,  from  the  furface  of  the  earth, 
Boyle' s  Hi  ft.  of  Air. 

( b )  See  Ad.  Erud.  Lipf.  1691.  p.  98. 
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to  collect  high  in  the  atmofphere,  To  as  to  become  heavier  and  fall  thro* 
the  air,  thence  gradually  defending  into  more  crouded  fpaces,  they  con- 
ftantly  unite  with  other  aqueous  particles  in  their  way  ;  whence  proceed 
the  largeft  drops  of  water  we  meet  with  in  Europe ,  whofe  diameter  is 
three  lines  ;  but  in  Negro-land  *tis  often  an  inch  ( c ) :  thefe  drops  are  found 
to  be  the  larger  as  they  fall  from  a  greater  height,  and  vice  versa  ;  for, 
it  is  a  conftant  obfervation,  that  the  rain  is  fmall  near  the  top  of  a  high 
mountain,  but  grows  larger  and  larger  the  nearer  it  comes  to  the  bottom. 

And  hence,  the  ftrongeft  fhowers  happen  in  the  fummer,  when  water,  by 
its  rapid  defcent  in  rain,  fuddenly  produces  thunder,  lightning,  and  ftorms  ; 
and  then  the  drops  of  rain  prove  larger  than  in  winter :  thus  much  at 
lead:  is  certain,  that  rain  in  every  part  of  the  atmofphere  is  the  fineft, 
when  it  firft  begins  to  be  generated. 

50.  When  the  air  is  faturated  with  water,  and  growing  cold  in  the  Springs, 
night,  dafhes  againft  the  furface  of  high  mountains,  efpecially  fuch  as  are 
formed  into  a  long  ridge,  this  denfe  and  cold  body,  firft,  towards  the 
north  and  eaft  in  the  beginning  of  the  night,  and  towards  the  fouth  and 
weft  after  midnight,  is  flopped,  cooled,  collected  and  turned  into  aqueous 
humidity  •,  thence  forms  Gender  threads  on  the  tops  of  the  mountains,  and 
conftantly  increafing  in  their  defcent,  by  uniting  with  the  like  fine  ftreams, 
they  increafe,  and  thus  make  a  perpetual  dripping,  that  affords  a  large  quantity 
of  water,  running  down  the  fides  of  the  mountain,  fo  as  to  form  rivulets, 
which  finking  into  fubterraneous  paffages,  conftitute  fprings  riling  in  other 
places  ;  whence,  according  to  the  different  depth  of  each  fpring  from  its 
vent,  the  jet  of  water  muft  be  different:  and  hence  we  may  eafily  underftand 
how  the  water  of  one  fpring  comes  to  differ  from  that  of  another,  in  quan¬ 
tity  and  quality  :  and  hence  alfo,  there  are  no  fprings,  but  where  there  are 
high  mountains  fan  eminent  inftance  whereof  we  have  in  the  fortunate  valley 
defcribed  by  Bernier ,  in  his  account  of  the  Mogul's  country. 

51.  Wherever,  therefore,  fuch  mountains  and  fprings  are  found,  the  water  Rivulets  and 
running  from  the  mountains,  or  continually  difcharged  from  the  fprings,  rivers. 
forms  itfelf  into  rivulets  •,  which  generally  run  a  fmall  ftream  at  firft,  but  be¬ 
ing  joined  by  others,  they  at  length  form  a  river  *,  and  this  alfo  increafing  as 

it  goes,  may  become  of  a  very  large  fize  where  it  difcharges  itfelf  into  the 
fea,  which  it  neither  increafes  nor  runs  back  from;  the  lea  conftantly 
exhaling  as  much  as  it  receives :  indeed,  the  rapid  torrents  of  rivers  fall 
into  fubterraneous  caverns,  and  rife  in  other  places  *,  whence  no  rivers  are  found 
in  flat  countries,  where  there  are  neither  mountains  nor  fprings.  Thus  we 
fee,  that  mountains  are  wifely  difperfed  over  the  globe,  in  order  to  the  col¬ 
lecting  of  water,  and  forming  of  rivers  ;  and  hence  we  find,  that  the  courfe 
of  rivers  correfponds  with  the  direction  of  mountains  all  over  the  globe. 

The  difcoveries  of  Dr.  Halley  deferve  to  be  read,  upon  this  fiibjeCt,  in  the 
Philofophical  PranfaElions.  All  thefe  particulars  ftiould  be  known  to  chemifts, 
who  are  frequently  obliged  to  obferve  the  difference  there  is  between  one 
water,  as  well  as  one  air  and  another. 

52.  It  does  not  appear  from  what  is  hitherto  difcover’d,  how  high  water  Water  every 
may  rife  into  the  atmofphere  ;  but  thus  much  is  certain,  that  there  is  no  air 
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without  water,  even  on  the  tops  of  the  higheft  mountains,  where  the  air  is  con¬ 
ftantly  wet  with  vapours  ;  and  confequently  the  air  applied  in  chemiftry, 
will  always  contain  water.  It  may  perhaps  be  poflible  to  extra#  the  water 
out  of  a  parcel  of  air  contained  in  a  glafs  ;  for,  if  hot  and  dry  fait  of  tartar 
be  put  into  a  glafs,  the  alkali  might  thus  attraCl  all  the  water  from  the 
air  in  that  glafs,  whilft  it  remains  clofe  flopped :  but  fuch  air  as  this  cannot 
be  ufed  in  chemical  operations,  becaufe  as  foon  as  the  glafs  is  opened, 
moift  air  would  immediately  enter. 

Water  turned  53*  We  learn  by  experience,  that  the  higher  water  rifes  into  the  air, 

to  ice  at  great  the  farther  its  parts  recede  from  each  other,  and  the  colder  it  grows  :  for, 

heights.  we  by  experiments,  that  in  all  the  habitable  parts  of  the  globe,  the  heat 
is  the  greateft,  cateris  paribus,on  the  furface  of  the  earth  *,  and  a  freezing  cold 
is  conftantly  found  on  the  tops  of  the  higheft  mountains,  which  are  covered 
with  fnow.  This  holds  true  even  undet-the  equator  and  in  the  torrid  zones. 
The  degree  of  cold  alfo  increafes,  in  proportion,  as  we  rife  from  the  foot 
of  a  mountain  to  the  top  *,  the  increafe  being  in  proportion  to  that  of  the 
altitude.  Hence,  the  water,  riling  into  the  air,  and  coming  to  the  freezing 
height,  muft  neceflarily  be  turned  to  ice,  unlefs  all  its  particles  fhould  fe- 
parate  fo  as  not  to  touch  each  other  ;  but  if,  at  this  height,  the  particles 
of  water,  fo  difperfed,  fhould  by  any  means  whatever  come  into  contaCt, 
they  muft  immediately  begin  to  freeze  into  fmall  icy  flakes,  floating  about 
in  the  air ;  and  if  they  fhould  here  happen  to  dafh  againft  the  furface  of 
any  bodies  in  their  way,  they  would  conftitute  a  fine  hoar-froft,  that  would 
otherwife  fcarce  be  perceivable  :  whence,  therefore,  there  is  a  fpace  in  the 
atmofphere,  concentrical  with  the  earth,  where  the  water  of  the  air,  when 
it  arrives  and  unites,  is  conftantly  turned  to  ice.  ’Tis  however  probable, 
that  this  watei  being  at  firft  little  united,  can  feldom  freeze,  but  remains 
floating  about  n  its  feparate  particles,  till  fome  caufe  happening  to  unite 
them,  it  is  th  turned  into  ice. 

$  54.  The  wa  v  of  the  air,  in  the  fpace  aflign’d,  growing  heavier,  by  a 

larger  quantity  coming  under  lefs  furface,  and  being  now  froze,  it  im¬ 
mediately  begins  to  fall  downwards  into  fpaces  fuller  of  water  •,  where 
joining  with  other  aqueous  particles,  it  gradually  forms  larger  mafles  of 
fnow,  or  hail :  and  as  there  are  many  different  caufes,  that  may  make 
thefe  particles  of  water,  which  were  difperfed  in  the  upper  air,  fuddenly 
unite  in  large  quantities,  ’tis  eafy  to  underftand  how  thefe  collections, 
coming  into  the  freezing  height  of  the  atmofphere,  may  prefently  form 
confiderable  mafles  of  fnow,  or  hail. 

}lail  55.  Thefe  mafles,  collecting  together,  occafion  high  fmall  white  clouds  to 

appear,  from  the  reflection  of  the  fun  in  the  air  *,  thence  falling  with  great 
velocity  downwards,  they  feem  fuddenly  to  increafe  in  magnitude,  and 
dafhing  violently  againft  others  of  the  fame  kind,  they  make  lightning, 
thunder,  ftorms,  fhowers,  and  hail,  and  this  the  ftronger,  the  higher 
the  places  they  fall  from  :  and  hence,  in  the  fummer-time,  when  the  fky  has 
long  been  clear,  the  lower  air  dry,  the  atmofphere  heavy,  and  confequently 
the  water  raifed  high,  the  atmofphere  then  becoming  light  all  on  a  fudden, 
the  above-mentioned  meteors  are  apt  to  appear,  efpecially  between  the- 

tropics. 
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tropics,  where  a  fmall  cloud,  appearing  high  in  the  air,  portends  a  fudden 
violent  ftorm.  And  it  is  highly  probable,  that  as  hail  is  always  formed  in 
the  high  cold  parts  of  the  atmofphere,  and  falling  by  its  weight  into  a 
hotter  region  near  the  earth,  is  there  melted,  and  forms  violent  fhowers, 
attending,  following,  or  flopping  thunder  and  lightning  :  but  if  they  fall 
fo  quick,  as  not  to  be  melted,  they  make  violent  {forms  of  hail,  capable 
of  producing  mifchievous  effects  ;  and  accordingly,  we  have  accounts  of 
hail- Hones  of  a  prodigious  fize  ( d ). 

56.  Among  the  principal  caufes  of  thefe  fudden  changes  in  the  atmo-  The  caufes 
fphere,  we  may  chiefly  reckon  the  diminution  of  its  weight ;  fince,  when  °f  wteoru 
air  becomes  lighter,  water  always  fpontaneoufly  feparates  from  it,  fo  as  to 
manifefl  itfelf,  tho*  it  before  lay  concealed  therein.  Add  to  this,  that  the 

parts  of  the  air,  being  frequently  driven  together  from  oppofite  quarters, 
thus  fuddenly  unite  the  primary  particles  of  water,  which  before  floated 
feparately.  Perhaps  alfo  the  different  afpedls  of  the  planets  may  contri¬ 
bute  to  this  effed  5  not  to  mention  any  thing  of  the  change  of  heat  and 
winds :  all  which  are  capable  of  producing  the  above-mentioned  phe¬ 
nomena. 

57.  Numerous  caufes  may  confpire  to  raife  up  water,  and  mix  it  with  Caufes  of 
the  air ;  but  a  principal  one  is  the  fun,  which  the  more  perpendicularly  its  t!fafcenit 
rays  ftrike  upon  water,  the  more  it  raifes.  Another  caufe  may  be  fubterrane-  ^  ^aUr‘ 
ous  fire,  which  is  continually  in  adion  ;  for  we  find  by  obfervation,  upon 

going  down  into  deep  mines,  we  foon  come  to  a  place  where  water  does 
not  freeze,  but  the  degree  of  heat  remains  invariably  the  fame  as  the 
academicians  of  Paris  have  obferved  in  the  cave  of  their  obfervatory  :  but 
upon  going  lower  into  mines,  the  heat  is  found  to  increafe  in  proportion- 
to  the  depth,  fo  as  at  length  to  become  fuffocating,  unlefs  the  air  be  refrefh- 
ed  by  a  current  of  water.  We  alfo  fee,  in  the  winter-time,  both  the  earth 
and  water  fend  out  a  warm  vapour,  upon  breaking  the  ice,  or  digging 
into  the  frozen  ground.  Let  no  one  imagine  fubterraneous  fire  a  fidion,  as- 
if  it  could  not  there  exift  without  air  or  tewel ,  for,  this  fire  may  arife,  and; 
be  preferved,  by  the  bare  attrition  of  condenfed  air,  without  any  other 
afliftance  •,  for,  what  heat  will  not  air  produce,  when  rendered  600  times 
more  denfe  than  common  air,  as  it  may  be  at  the  bottom  of  the  deepeff 
mines?  And  credible  perfons  have  affirmed,  that  air,  comprefied  in  an  iron 
tube,  has  grown  hot  in  fuch  places.  Doubtlefs,  in  the  deepeff:  parts  of  the 
earth,  bodies  are  prefled  with  a  prodigious  incumbent  weight,  fo  as  that  a 
Anal!  attrition  may  produce  a  great  degree  of  heat.  As,  therefore,  the  adion- 
of  this  fire  is  conftant,  it  muft  produce  a  conftant  exhalation.  In  the  next 
place,  we  muff:  confider  the  great  effeds  of  culinary  fire,  ufed  in  ail  parts  of 
the  habitable  globe,  fo  as  to  raife  water  into  the  air  from  all  kinds  of  fub- 
jeds.  Sharp  froft  raifes  a  confiderable  part  of  ice  into  the  air  every  mo¬ 
ment,  fo  as  in  a  {hort  time  to  carry  off' its  whole  bulk,  as  Mr.  Boyle  has 
fhewn  by  ffatical  experiments  -,  and  we  frequently  obferve,  that  the  violent 
cold  of  a  hard  winter  wonderfully  wears  down  all  forts  of  bodies,  leffens, 
confumes,  and  difperfes  them  into  the  air.  Whatever  phyfiaal  caufe  maw 

fo 

(d)  See  Phil.  Tranf.  Ahridg.  Vol.  II,  p,  144. 
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lo  feparate  the  particles  of  water  from  each  other,  as  to  make  them  exift 
Angle,  will  render  them  capable  of  floating  in  the  air  ;  as  they  now  have 
a  much  larger  furface  in  proportion  to  their  folidity.  We  muft  alfo  here  con* 
fider  the  repelling  power,  which  refills  the  contact  of  the  furfaces  of  diffe¬ 
rent  bodies,  and  therefore  continually  increafes  as  their  furfaces  increafe; 
whence  bodies,  minutely  divided,  are  lefs  apt  to  defcend  by  their  own  gra¬ 
vity  :  and  hence  we  fee  the  reafon,  why  all  the  parts  of  water  about  the 
earth  do  not  always  fall  at  once  out  of  the  air.  This  repelling  power 
feems  alfo  to  be  the  caufe,  why  the  parts  of  water  form  themfelves  into  a 
fpherical  figure  about  the  air  they  contain  ;  and  when  water,  thus  formed 
into  drops,  rifes  upwards,  it  expands  as  it  rifes,  and  in  this  form  may 
remain  at  a  great  height  in  the  atmofphere.  But  laftly,  there  is  no  caufe, 
that  carries  off  a  greater  quantity  of  -water  into  the  air  than  the  wind,  as 
Dr.  Halley  has  fhewn,  and  as  I  myfelf  have  feen  by  many  furprifing  ex¬ 
periments  ;  for,  upon  expofing  a  cylindrical  copper  veffel,  full  of  water, 
in  a  florm  of  wind,  I  found  an  aflonifhing  quantity  evaporated  in  a 
very  little  time;  whereas,  when  the  wind  Was  laid,  but  a  very  little  ex¬ 
haled  in  the  fame  degree  of  heat :  and  hence  violent  winds  follow  upon 
fhowers,  in  order  to  agitate  . the  water,  before  fallen,  and  carry  it  back  into 
the  air,  left  it  fhould  otherwife  ftagnate  and  prove  hurtful  to  vegetables.  All 
thefe  caufes,  therefore,  confpiring  together,  are  abundantly  fufficient  to  raife 
water  into  the  air,  and  keep  it  moving  therein. 

58.  Now  fuppofing  this  eiaftic  air,  faturated  with  water,  to  acft  upon  the 
bodies  of  men,  vegetables,  and  minerals,  we  fhall  find  it  capable  of  pro¬ 
ducing  many  wonderful  changes  ;  its  extreme  tenuity,  which  makes  it  ex¬ 
tremely  penetrating,  and  fit  to  enter  the  fmalleft  pores,  joined  to  its  perpe¬ 
tual  mobility,  and  the  determination  it  has  to  bodies  by  its  gravity,  render  it 
productive  of  numerous  effects,  and  occafion  it  to  diffolve  the  falts,  the 
faline  and  faponaceous  matters  contained  in  bodies  (f ) :  and  as  there  are 
many  fuch  parts  contained  in  raoft  bodies  ;  and  as  thefe  are  the  principal 

inftru- 


(/)  Mr.  Boyle  allures  us,  that  he  has  feveral 
times  made  a  fubitance,  confifting  of  a  me¬ 
talline  body,  of  a  texture  fo  clofe,  as  to  lie  for 
many  hours  undiffolved  in  a  corrofive  men- 
ftruum  ;  yet  this  fubftance.,  that  was  fixed 
enough  to  endure  melting  by  the  fire,  without 
lofing  its  colour,  would,  when  expofed  to  the 
air,  be  difiblved  in  a  very  fliort  time,  and  have 
its  fuperlicial  parts  turned  almoft  black.  Boyle's 
Rift,  of  Air. 

Air,  ’tis  obferved,  may  have  a  notable  ope¬ 
ration  on  vitriol,  even  after  a  ftrong  fire  could 
work  no  farther  thereon.  The  experienced 
Zwelfer  informs  us,  that  the  colcothar  of  this 
mineral,  made  by  a  ftrong  diftillation,  is  not 
corrofive ;  and  that  no  fait  can  be  obtained 
from  it  foon  after  diftillation,  by  the  affufion 
of  water.  But,  fays  he,  if  it  be  for  fome  time 
expofed  to  the  air,  it  will  yield  a  fait,  which  is 
.f.metimes  white,  and  fometimes  of  a  beautiful 


purple  colour,  and  fometimes  alfo  a  nitrous 
kind. 

Mr.  Boyle  has  even  found  the  fumes  of  a 
fharp  liquor  to  work  more  fuddenly  and  ma- 
nifeltly  on  a  certain  metal,  when  fuftained  in 
the  air,  than  did  the  menftruum  itfelf,  that 
emitted  thofe  fumes,  on  the  parts  of  the  metal 
it  covered.  And  a  chemift,  who  had  been  in 
Hungary  and  other  parts.,  purpofely  to  viftt 
mines,  affured  him,  that  as  to  the  ladders  and 
other  wooden  works,  employed  in  one  or  more 
of  the  deep  Hungarian  mines,  thofe  that  were 
in  the  upper  part  of  the  grooves,  near  the  ex¬ 
ternal  air,  would  by  the  fretting  exhalations, 
be  rendred  unferviceable  in  a  few  months  ? 
whilft  fuch  ladders,  pieces  of  timber,  &c.  as 
were  employed  in  the  lower  parts  of  the  mine, 
would  hold  good  two  or  three  times  as  long. 
Id.  ibid. 
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inftruments  of  their  actions,  it  is  eafy  to  perceive,  that  the  particular  virtues 
of  bodies  are  thus  excited,  fo  far  as  thefe  depend  upon  the  peculiar  falts 
and  faponaceous  matters  thereof.  This  principal  change  is  wrought  upon 
bodies  by  the  water  of  the  air,  that  it  renders  fixed  falts,  and  other  com¬ 
pound  fubftances,  volatile.  It  has  long  been  found  true  in  chemiftry,  that 
all  native  falts,  treated  in  an  open  fire,  and  expofed  to  the  air,  run  per 
deliquium ,  leaving  a  quantity  of  earth  behind,  that  did  not  appear  in  the  fait 
before;  and  if  the  liquor,  thus  freed  from  its  firfl:  earth,  be  again  evapora¬ 
ted  to  drynefs,  and  expofed  to  the  air  a-frefh,  more  earth  will  be  thus  pro¬ 
cured,  till  at  length  an  incredible  quantity  thereof  may  be  obtain’d  ;  whilft 
the  other  principle,  which  before  adhering  to  this  earth,  conftituted  the 
fait,  is*  by  the  repeated  action  of  the  water  in  the  air,  fo  loofened  from  its 
earth  and  feparated,  as  to  become  volatile  and  vanifh  infenfibly  into  the  atmo- 
fphere.  This  furprifing  change  does  not  only  hold  true  of  native  falts,  but 
alfo  of  the  fixed  kind  made  by  calcination.  So  long  therefore,  as  water  is 
lodged  in  the  air,  and  is  agitated  by  heat,  or  by  winds,  it  may  produce  great 
and  unexpected  relaxations  in  bodies,  and  in  a  manner  exhauft  many  of 
them.  Its  effeCts  in  fermentation  (g)  are  alfo  confiderable ;  and  in  the  pu¬ 
trefaction  of  bodies,  no  caufe  has  fo  great  a  fhare  as  a  moift  and  warm 
air  (£),  which  in  a  fhort  time  refolves  bodies  into  corruption ;  and  hence, . 

phyficians 

( g )  *  The  air.  Sir  Ifaac  Newton  obferves,  is  this  refiftance  of  putrefaction  rather  owing 

*  abounds  with  acid  vapours,  fit  to  promote  to  the  nitrous  fait,  wherewith  the  air  of  thofe 

*  fermentations ;  as  appears  by  the  rufting  of  countries  abounds  ?  Boyle's  Hiji.  of  Air •; 

,  *  iron  and  copper  in  it,  the  kindling  of  fire  Mr,  Boyle  gives  us  fome  Angular  inftances 

*  by  blowing,  and  the  beating  of  the  heart  by  of  the  effeCt  of  the  air,  hardly  deducible  from 

*  means  of  refpiration.  any  of  the  known  properties  of  this  fluid. 

*  The  above-mentioned  motions,  he  adds,  Dr.  Stubbs  zffxxrzdL  him,  ‘  that  the  filks  brought 

*  are  fo  great  and  violent,  as  to  fhew  that  in  *  from  Jamaica ,  will,  if  there  expofed  to  the 

*  fermentations  the  particles  of  bodies  almoft  *  air,  rot  even' whilft  they  preferve  their  co- 

‘  at  reft,  are  put  into  new  motions  by  a  very  *  lour;  but  if  kept  therefrom,  hold  both  their 

*  potent  principle,  which  adts  upon  them  only  ‘  ftrength  and  dye.’  Ibid. 

*  when  they  approach  one  another,  and  caufes  The  fame  author  was  informed  by  a  learned 

*  them  to  meet  and  clafh  with  great  violence,  gentleman,  ‘  that  the  air  at  Brafl  had  a  great 

*  and  grow  hot  with  the  motion,  and  dafh  *  influence  upon  the  colours  of  clothes,  and 

*  one  another  into  pieces,  and  vanifh  into  air,  «  even  upon  black  ;  fo  that  the  fable  taffety 

*  vapour,  and  flame.’  Opticks.  ‘  there  worn  by  the  higher  rank,  will,  in  a 

[b)  At  Guinea,  the  heat,  with  the  moifture  ‘  few  days,  become  of  an  iron-colour;  tho’ 

of  the -:r,  are  faid  to  be  fo  favourable  to  pu-  *  when  kept  clofe  in  {lions,  it  preferves  its 

trefafti  n,  that  the  fineft  white  fugar  fhall  ‘  proper  hue.’  He  alfo  informed  him,  that  at 

fometimes  be  full  of  maggots ;  and  all  their  a  place  fifty  leagues  beyond  Paragua,  white 
drug plaifers,  iff c.  quite  lofe  their  virtue,  people  foon  grow  tawney, and  as  foon  recover 
and  fome  of  them  grow  verminous.  ’Tis  added,  their  native  colour,  by  removing  out  of  that 
that  in  the  .bland  of  Iago,  they  are  obliged  to  quarter.  Ibid. 

expofe  their  fweetmeats  to  the  heat  of  the  The  firing  of  a  viol  has  been  obferved  to 
fun,  and  thereby  exhale  the  moifture,  they  con-  increafe  in  the  acutenefs  of  its  tone,  by  almoft 
traded  in  the  night,  which  would  otherwife  half  a  note,  either  a  little  before,  or  in  rainy 
havecaufed  them  to  putrefy.  Boyle's  Hiji.  of  weather;  and  the  fame  obferver  has  like  wife 
Air.  found,  that  putting  falfe  firings  in  his  pocket 

Are  not  the  moift  particles,  which  float  in  for  frets,  they  have  been  found  true,  when  he 

the  air,  the  cauf  of  all  corruption  in  bodies  ;  came  to  ufe  them.  Id.  ibid. 

fince,  according  to  Acofa,  every  thing  in  Peru,  If  fome  “Egyptian  earth  be  taken  up  near  the 
(and  the  fame  is  obferved  in  Egypt,)  where  it  river,  and  carefully  preferved  from  the  wet 
ltldom  rains,  continues  long  uncorrupted  ?  Or,  and  wafte,  it  will  be  found,  if  duly  examined 
t  by 
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phyficians  have  obferved,  that  the  plague  itfelf  has  been  occafioned  among 
animals  by  a  long  continued  ftate  of  a  hot  and  moift  air.  As,  therefore,  falts 
and  faponaceous  fubfiances  may  be  thus  diffolved  by  means  of  the  water  in 
the  air,  and  thefe  be  railed,  conveyed,  applied,  and  introduced  into  other 
bodies  they  meet  with  ;  hence  it  is  plain,  that  the  air  may  communicate  the 
particular  qualities  of  lome  bodies  to  others,  and  produce  fuch  effects  upon 
them  as  could  fcarce  happen  from  any  other  caufe  (/). 

Other fuh-  59.  W e  have  hitherto  confidered  the  air  as  containing  elaftic  parts,  fire 
fiances  in  the  and  water  ;  we  next  proceed  to  examine  what  other  fubftances  continually 
float  therein  •,  and  thefe  we  lhall  find  are  extremely  numerous :  for,  as  the  earth 
receives  all  forts  of  bodies  out  of  the  air,  fo  the  air,  on  the  other  hand, 
receives  all  forts  of  bodies  from  the  earth  •,  whence  there  is  a  continual 
change,  or  a  kind  of  diftillation,  of  all  things  between  the  two. 

60.  Thus  all  the  parts  of  vegetables  afcend  into  the  atmofphere ;  efpe- 
cially,  their  native  fpirits,  which  are  every  where  breathed  out  from  the 
furface  of  the  earth,  and  fill  the  air :  thus  the  adjacent  fiiores  fend  out 
the  odoriferous  exhalations  of  plants  to  a  great  difiance  upon  the  fea  ;  and 
thus  all  the  plants  in  nature  exhale  their  fpirits  into  the  air,  which  returns 
them  to  the  earth  again,  along  with  the  water  of  the  atmofphere  (k) :  There 
is  nothing  more  difficult  to  imitate  by  art  than  the  fragrant  fpirit  peculiar 
to  vegetables  •,  and  thefe  fpirits,  being  fet  free  from  their  tenacious  binding 
fulphur,  conftantly  become  volatile,  and  float  about  in  the  atmofphere ; 
whence  many  wonderful  transformations  proceed. 

Fermented  6 1 .  On  the  other  hand,  vegetables,  after  fermentation,  afford  a  large  quan- 
j-pirits.  tlty  of  vinous  fpirit,  which  is  not  eafily  changed,  but  exhales  fpontaneoufly 
into  the  air ;  and  if  we  remember  that  all  thefe  fpirits,  which  were  at  any¬ 
time  produced  upon  the  earth  from  any  fermented  vegetable,  have  exhaled 

into 
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fpirit  of  'vege¬ 
tables. 


.by  the  balance,  neither  to  encreafe,  nor  di- 
miniih  its  weight  till  the  17th  of  June  ;  when 
it  will  begin  to  grow  heavier,  and  continue  to 
do  fo,  as  the  river  fills  ;]whence  they  certainly 
-*  know  the  ftate  of  the  deluge,  which  doubtlefs 
proceeds  from  the  moifture  of  the  air.  Profper 
Alpinus ,  Job.  V arrot ,  & c.  p.  69. 

The  generation  of  animal  fubftance  from 
vegetable  being  the  eftldt  of  putrefaction,  as 
will  hereafter  be  made  appear ;  it  feems,  that 
the  prefence  of  the  air  is  neceflary  for  any 
piece  of  matter  to  commence  animal.  Thus 
the  philofopher  fo  often  quoted,  obferves,  that 
by  keeping  putrefied  bodies  in  glaffes  hermeti¬ 
cally  feaied,  and  thereby  fecured  from  the  con- 
tad  of  the  external  air,  he  had  never  been  able 
to  produce  any  infed,  or  other  living  creature  ; 
tho’  he  had  fometimes  kept  animal  fubftances,- 
and  even  blood  fo  included,  for  many  months, 
and  one  or  two  of  them  for  a  longer  time ;  and 
tho’  thefe  fubftances  had  a  manifeft  change 
made  in  their  confiftence  whilft  they  remained 
feaied  up.  Boyle's  WJI.  of  Air. 

Opening  an  exhaufted  receiver,  wherein  a 
I'srge  quantity  of  verjuice  with  green,  four 


grapes,  had  lain  included  for  three  years,  there 
appear’d  no  mouldinefs  any  where  ;  only  the 
furface  of  the  uppermoft  fkins  were  a  little 
difcoloured  with  fomething,  which  by  its  tafte, 
and  appearance  thro’  a  microfcope,  was  fufpeCt- 
ed  to  be  a  kind  of  tartar.  Id.  ibid. 

(7)  Phil.  Tranf.  Abrtdg.  Vol.  II.  p.  141.  and 
Adt.  Erud.  1683.  p.  435. 

[h)  ‘  A  very  ingenious  phyfician  told  me, fays 

*  Mr.  Boyle,  he  learned  upon  the  ifland  Ter- 

*  nate,  that  the  Dutch  having  agreed  with  the 

*  king,  to  fell  almoft  all  the  clove-trees  that 
‘  grew  there,  in  order  to  raife  the  value  of 

*  their  fpice  ;  fuch  a  change  in  the  temper  of 

*  the  air  happened  thereupon,  as  fhewed  the 

*  exhalations  which  the  bloffoms  afford,  to 
‘  be  very  wholefome  ;  for  foon  after  thefe 

*  fragrant  trees  were  cut  down,  the  whole 

*  ifland  became  exceedingly  ftckly  ;  which  my 

*  relator  imputed  to  the  corrofive  and  noxious 

*  fleams  of  a  vulcano  there,  the  ill  effeds 

*  whereof  were  formerly  prevented  by  the  aro- 

*  matic  effluvia  of  thefe  fpicy  bloftoms.’  Boyle 
Hijl .  f  Air . 
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into  the  air;  we  may  fuppofe  that  the  atmofphere  itfelf  is  impregnated  with 
fpirit  of  wine.  In  whatever  way,  therefore,  wine  comes  to  be  applied,  its 
Spirit  muft  exhale  into  the  air;  which  may  furnifh  us  with  one  probable 
reafon,  why  fermentation  is  more  fuccefsfully  carried  on  in  the  open  air. 

So  likewife  the  parts  of  vegetables  thrown  off  by  the  fire,  which  are  another 
kind  of  fpirit,  afcend  into  the  air  and  float  therein  (l). 

6 2.  Again,  the  native  oils  of  vegetables  afcend  in  time,  or  become  totally 
volatile  by  the  fpontaneous  heat  of  the  air  ;  for,  there  are  few  woods,  wherein 
the  oil  is  fo  clofely  conne&ed  with  the  earth  of  the  fubjedt,  as  long  to  with- 
ftand  the  force  of  the  open  air :  and  as  for  diftilled  chemical  oils,  they  are- 
much  more  volatile,  and  fodn  efcape,  fo  as  to  form  undtuous  exhalations  in 
the  atmofphere,  that  are  readily  inflammable;  for,  being  now  finely  divided, 
fo  as  to  refemble  alcohol,  they  may,  as  they  float  about  in  the  air,  be  eafily 
fet  on  fire  by  the  refradled  or  refledted  rays  of  the  fun ;  efpecially,  if  before 
heated  by  the  attrition  of  the  clouds.  All  vegetable  oils,  therefore,  may  be 
raifed  into  the  atmofphere,  and  fall  back  again,  as  well  as.the  vegetable  wa¬ 
ters  and  fpirits,  at  their  proper  times,  in  a  fat  moiftening  dew,  fo  as  to  fer¬ 
tilize  the  earth,  efpecially  in  the  warm  feafons ;  for,  the  rain  in  fummer  is 
more  fertilizing  than  in  winter. 

63.  All  kinds  of  vegetable  falts,  whether  procured  by  cryftallization,  Sal/s . 
fermentation,  putrefaction,  or  calcination,  fooner  or  later  become  volatile, 
and  fly  into  the  air,  after  being  once  releafed  from  their  fixing  earth. 

64.  Even  the  earth  it  felf,  which  makes  the  fixed  element  of  plants,  may  Earths, 
be  rendered  fo  fine,  as  to  become  volatile  :  thus,  foot  we  find  affords  by 

diffc illation  no  inconfiderable  proportion  of  earth;  yet  fmoak,  which  is  the 
matter  of  foot,  floats  freely  in  the  air ;  and  ftrong  winds  tear  up,  and  carry 
away  the  fands  of  Egypt  and  Lybia ,  and  the  afties  of  ALtna  and  Vefuvius  (m) ; 
nay,  the  feeds  of  plants,  and  fhoals  of  little  fifh  (#)  have  been  carried  thro’ 
the  air :  whence,  ’tis  plain,  that  all  the  elementary  parts  of  vegetables  may 
be  carried  into  the  air,#and  mixed  with  it  ( 0 ). 

6*.  ’Tis  obvious,  that  the  perfpirable  matter  of  animals  goes  into  the  air*  A  .  , 

as  well  as  their  excrementitious  parts  ( p ) ;  nay,  even  the  van  bodies  of  their  eggs . 
whales,  elephants,  &c,  by  lying  expofed  in  a  warm  air,  will  in  a  little  time 
be  almoft  totally  exhaled  (q).  *Tis  here  worth  confidering,  that  the  impreg¬ 
nated-. 


(/)  In  places  where  much  wood  is  burnt, 
numerous  particles  of  volatile  fait  may  eafily 
be  difperfed  through  the  adjacent  air ;  for 
wood- foot,  which  is  only  that  fmall  part  of 
the  fmoke,  which  adheres  to  the  chitnney- 
fides,  affords  a  volatile,  faline  fpirit  in  great 
plenty  :  and  not  readily,  unlefs  by  the  feent, 
diftinguilhable  from  that  of  urine  or  hartlhorn. 
Boyle  Hift.  of  Air. 

(m)  Phil.  TranfAbri  Vol.  II.  p.  142.  Si  1 44. 
(«)  Phil.  Tranf.  N°.  2 1 .  p.  37 7. 

(0)  Phil.  Tranf.  N°.l68.  p.911. 

(/>)  My  Lord  Sandwich  and  two  gentlemen 
of  h  is  retinue  allured  Mr.  Boyle ,  ‘  That  the 
‘  common  report,  as  to  there  being  no  necef- 

*  fary-houfes  at  Madrid,  was  true;  and  that 

*  though  they  always  make  a  jakes  of  their 

G 


*  ftreets  over  night,  ’tis  not  eafily  difcoverable 

*  by  the  feent  next  morning.  Madrid ,  how- 

*  ever,  his  Lordlhip  faid,  had  a  more  offen- 
‘  five  feent  than  any  city  he  knew:  But  they 
‘  all  agreed,  that  the  place  wherein  the  Am- 

*  balfador’s  family  conllantly  made  water,  had 
‘  no  feent  of  urine ;  and  that  they  frequently 

*  obferved,  both  the  dogs  and  cats,  which  lay 

*  dead  in  the  llreets,  afforded  no  offenfive 
‘  fmell.’  Boyle  Hijl.  of  Air. 

\q)  The  putrefadion  of  animal  fubftances 
may  fupply  the  air  with  volatile  falts,  fince 
fome  putrefied  urine  will,  without  diftillation, 
afford  faline  and  fpirituous  parts ;  which,  by 
their  feent,  & c.  difeover  themfelves  to  be  vo¬ 
latile,  even  while  fwimining  in  their  owir 
large  quantity  of  phlegm.  Boyle  Hift.  of  Air. 
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nated  eggs  of  animals  may  be  carried  through  the  air.  As  Rhedi  had  fliewir, 
that  all  infedts  were  produced  by  the  adtion  of  male  and  female  ;  and  Leuwen- 
hoek ,  that  the  male  feed  inferts  the  embryo  in  the  female  egg  •,  and  Mr.  Boyle, 
that  thefe  impregnated  eggs  do  not  prove  prolific  without  the  afliftance  of 
the  open  air,  I  tryed  the  following  experiment.  I  firft  boiled  a  piece  of  flefh 
in  alcohol,  then  dipped  it  in  clear  oil  of  turpentine,  and  afterwards  hung  it 
up  in  a  moift  warm  air,  where  I  judged  no.  little  creatures  could  come  near 
it;  this  flefh,  in  a  fhort  time  afterwards,  I  found  full  of  little  mites,  which 
eat  up  the  juices  remaining  in  the  flefh.  The  eggs,  from  whence  thefe  little 
creatures  were  produced,  muft  needs  be  convey’d*  to  it  through  the  air,  in 
which  the  flefh  hung.  We  often  fee  trees  blighted,  in  a  warm  fprihg,  and 
fwarming  with  numerous  vermicular  animalcula,  bred  almoft  inftantaneoufly 
from  lnvifible  eggs  brought  by  the  winds;  and  in  Negro-land  fhowers  fre¬ 
quently  happen,  which  make  the  body  tremble  with  cold  ;  the  drops  of  this 
rain  are  an  inch  in  diameter,  and  if  they  touch  the  fkin,  they  eat  it;  but  if 
they  fall  upon  the  clothes,  they  produce  live  worms  and  moths  (r).  There 
are  many  inftances  of  the  like  nature,  which  may  put  a  chemift  upon  his  guard’ 
to  examine,  whether  fome  uncommon  effects  upon  the  fubjedts  of  his  art  are 
not  fometimes  owing  to  the  eggs  of  animals,  conveyed  by  the  air;  at  leaft, 
this  caufe  fhould  be  regarded  before  others  are  afligned.  The  nature  and 
properties  of  the  air  are  very  neceflary  to  be  obferved,  as  well  by  phyfician3 
and  philofophers,  as  chemifts. 

66.  Even  foflils  themfelves  are  found  in  the  air;  thus  the  moll  fixed  a- 
mtr,'viz.falts,  mong  foflil  falts  (s),  if  fpontaneoufly  diflolved  by  the  water  they  attrad:  from 

the 


ToJJils  in  the 


(r)  AS.  Lipf  Supp.  Vol.  I.  p.  425. 

(s)  One  principal  fort  of  thefe  effluvia  in 
the  atmofphere,  I  take  to  be  faline,  which 
float  varioufly  among  the  reft  in  that  vaft  o- 
cean  ;  for,  they  feem  not  to  be  equally  mixed 
therein,  but  are  to  be  found  of  different  kinds, 
in  different  quantities  and  places,  at  different 
feafons.  The  argument?,  which  {hew  that 
fubterraneous  effluvia  in  general,  afcend  plen¬ 
tifully  into  the  air,  prove  the  fame  of  faline 
ones  in  particular  ;  fince,  it  has  been  demon- 
ftrated,  that  immenfe  quantities  of  common, 
nitrous,  aluminous,  vitriolic,  and  perhaps 
©ther  falts,  rife  among  the  various  exhalations 
of  the  terraqueous  globe.  The  quantity 
hereof  may  be  greatly  increafed  in  feveral 
places  by  fuch  vulcano’s  as  have  open  vents ; 
by  the  fmoke  of  the  common  culinary  fires, 
(y  c.  Boyle  Hiji.  of  Air. 

The  air  of  fome  places  may,  befides  the 
Ample  falts  already  mentioned,,  contain  fome 
compound  ones ;  it  being  fhewn,  that  particu¬ 
lar  faline  fpirits  may  meet  and  join  together 
therein  j  as  alfo,  that  two  liquors  may  be  fo 
ordered,  that  one  of  them  fhall  never,  ofitfelf, 
afford  any  thing  in  a  dry  form  ;  yet  its  fpiri- 
tuous  effluvia,  meeting  with  thofe  of  the  sether, 
produce  a  dry,  volatile  and  faline  body,  which 


the  mixture  of  the  liquors  themfelves  would 
not.  Ibid. 

In  places  abounding  with  Marcaftes,  fays 
Mr.  Boyle,  ‘  there  is  a  fretting  vitriolic  fait 
‘  largely  difperfed  thro’  the  air,  which  has 
‘  been  obferved  tp  rot  the  hangings  of  rooms, 
‘  and  other  furniture;  and  to  lie  upon  the 

*  furface  of  the  ground  in  a  whitifh  efflo- 
‘  refcence,  after  the  fun  had  heated  the 

*  moift  and  blackifti  mould  wherein  it 

*  lay .  ’  Ibid. 

Befides  thefe  faline  fubftances  of  a  deter¬ 
minate  fpecies,  there  are  poffibly  at  certain 
times  and  places,  other  corpufcles  in  the  air 
of  a  faline  nature,  but  not  reducible  to  any 
particular  kind,  which  we  therefore  call  ano¬ 
nymous.  We.  have  obferved  in  old  glafs  win¬ 
dows,  belonging  to  high  and  ancient  build¬ 
ings,  fome  panes  corroded,  as  if  they  had 
been  worm-eaten  ;  which  feems  to  argue, 
that  fharp  and  fretting  particles  had  been 
carried  thither  by  winds,  whereto  that  glafs 
was  expofed ;  tho’  none  of  the  falts  before- 
mentioned  have  the  faculty  of  corroding  com¬ 
mon  glafs.  Ibid. 

‘  The  many  faline  effluvia  that  rife  with 

*  the  other  fubterraneous  ileaim,.  cannot,  all 

*  of  them,  be  well  fuppofed  of  a  fimple  and 

*  un- 
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tlie  air,  and  afterwards  digefted  by  a  long  continued  putrefactive  heat, 
then  committed  to  a  ftrong  diilillation,  if  the  fixed  remainder  be  calcined 
in  a  ftrong  open  fire,  and  again  diffolved  in  the  air,  they  at  length  be¬ 
come  totally  volatile.  So  again,  when  thefe  fixed  falts  are  diftilled  with 
fand,  bole,  &V.  in  a  ftrong  heat,  large  quantities  of  fuch  falts  are  annually 
converted  into  volatile  acid  fumes  or  fpirits  ;  by  which  means  the  air  it  felf 
may  in  a  manner  become  poifonous,  and  destructive  to  the  bodies  expofed 
thereto.  The  bare  addition  of  oil  of  vitriol  to  fea-falt,  or  nitre,  inftantly  con¬ 
verts  thefe  fixed  falts  into  fumes,  that  can  fcarce  be  confined :  whence  the 
air  becomes  impregnated  with  them  to  a  considerable  distance ;  and  there  are 
numerous  ways  of  producing  thefe  effects,  though  the  art  of  thus  changing 
falts  was  not  known  before  the  time  of  Glauber  \  nor  do  we  at  prefent  know 


all  the  ways,  which  nature  may  ufe  f 
the  pernicious  fumes  rifing  about  min 
thus  naturally  be  difperfed  in  the  air, 

G  g 

*  uncompounded  nature.  A  very  intelligent 
f  acquaintance  of  mine,  who  vifited  a  vulcano 

*  in  America ,  told  me,  that  before  he  came 
e  near  enough  to  fee  the  fire,  or  to  be  very  fen- 
e  fible  of  its  heat,  the  fkin  of  his  face  was  fo 

*  corroded,  and  the  colour  of  his  hair  changed, 

*  by  the  exhalations,  as  to  prevent  his  nearer 

*  approach  thereto.’  Ibid. 

■*  At  Fablun  in  Sweden,  noted  for  one  of 

*  the  belt  copper  mines  of  that  kingdom,  the 

*  mineral  exhalations  afted  the  air  fo,  that 

*  their  filver  coin  is  frequently  difcoloured, 

‘  and  fometimes  turned  black  thereby  ;  tho’ 

*  clofe  tied  up  in  feveral  purfes,  ar,d  locked 
‘  up  in  ftrong  chefts.  The  fame  effluvia  ma- 

*  nifeftly  aff.d  brafs,  and  to  fuch  a  degree, 

*  that  there  is  no  poffibility  of  keeping  their 
‘  utenfils  of  this  kind  tolerably  clean.’  Ibid. 

‘  A  virtuofo,  who  poffeffed  a  piece  of 
(  ground,  wherein  ran  feveral  veins  of  diffie- 
‘  rent  metals  and  minerals,  told  me  he  had 

*  frequently  feen  pillars,  as  it  were,  of  fumes, 

‘  afcending  thence  like  fmoke  ;  fome  whereof 
‘  had  no  fcent,  fome  an  ill  one,  and  fome  a- 
‘  gain  a  good  one ;  tho’  the  latter  happen’d 

*  but  feldom.’  Ibid. 

*  Copper  that  has  been  long  expofed  to  the 

*  air,  contrads  a  ruft  by  the  faline  particles 

*  of  that  fluid,  gradually  fallning  themfelves 
‘  in  fuch  numbers  to  the  furface  of  the  metal 

*  as  to  corrode  it,  and  produce  a  fubltance 

*  of  the  colour  of  verdigreafe  ;  which  is  a 

*  faditious  body,  made  of  the  fame  metal,  cor- 

*  roded  by  the  fharp  corpufcles  of  vinegar,  or 

*  of  the  hulks  of  grapes.’  Boyle  Hid.  Quad. 

‘  Tho’  Morocco  be  an  inland  town,  feated  in 

*  a  very  hot  climate,  where  the  foil  is  ufually 

*  dry ;  yet  I  am  informed,  that  the  nodurnal 

*  air  proves  exceeding  damp  and  piercing,  fo 

*  as  prefently  to  produce  rufl  upon  fuch  iron 


Dr  converting  fixed  bodies  into  volatile: 
es  it)  fufficiently  manifeft  that  falts  may 
and  confequently,  that  there  are  fecret 
g  2  means 

*  inftruments  as  lie  naked  therein.’  Id.  Hill • 
of  Air. 

‘  In  the  moll  fouthern  parts  of  the  Englijb 

*  colonies,  the  great  guns  are  fo  fubjed  to  ruft, 

*  that  after  lying  a  few  years  in  the  open  air, 
•*  large  cakes  of  crocus  martis  may,  with  a 

*  hammer,  be  eafily  beat  off  them ;  whilft  o- 

*  thers  that  lay  funk  in  the  falt-water,  during 
‘  the  fame  time,  are  by  no  means  fo  much 
‘  affeded.  Hence,  as  dew  is  only  fleams  of 
‘  the  terreftrial  globe,  the  phenomena  that 

*  manifeft  its  power  to  work  on  folid  bodies, 

‘  may  help  to  fhew,  how  much  the  air  a- 

*  bounds  with  faline  and  fubtile  parts.  Ibid.' 
(t)  What  effed  the  neighbourhood  of  mines 

have,  appears  from  Mr.  Boyle:  A  famous  che- 
mift,  who  lived  in  a  country  abounding  with 
mines  of  vitriol,  affured  him,  that  he  had  found 
the  oaks  growing  over  them  to  be  remarkably 
more  folid  and  heavy,  than  thofe  trees  elfe- 
where  are ;  upon  which  Mr.  Boyle  obferves, 
that  the  parts  of  fome  minerals  are  capable  of 
inftnuating  themfelves  very  plentifully  into  the 
pores  of  growing  vegetables,  without  being 
really  fubdued  by  what  the  philofophers  call 
the  concoding  faculty  of  the  plant ;  but  inftead 
of  being  affimilated  by  the  vegetable,  retain 
their  own  mineral  nature;  and  upon  the  recefs, 
or  evaporation  of  the  juice  that  ferved  them 
for  a  vehicle,  fometimes  difcover  themfelves 
to  the  naked  eye.  He  adds,  he  has  feen 
a  piece  of  a  vine,  that  grew  not  far  from  Pa¬ 
ris,  which  being  broken,  a  multitude  of  the 
internal  pores  of  the  root,  and  a  part  of  the 
trunk  all'o,  appeared  to  be’  fluffed  with  cor¬ 
pufcles  of  a  marcafitical  nature ;  as  was  plain 
by  their  colour,  their  Alining  luftre,  and  their 
weight.  Caujes  of  wholefomtnefs ,  Sec.  of  the 
air. 


41  I 


4-12 


Sulphurs. 


Metals. 


The  Theory  of  Chemistry. 

means  ufed  by  nature  for  this  purpofe,  though  they  are  only  applied  in  par¬ 
ticular  parts  of  the  earth,  where  a  proper  matter  is  found. ;  and  then  too, 
they  only  rife  to  a  fmall  determinate  height  in  the  air:  whence,  according  to 
the  ancient  adepts,  the  air  is  laid  to  be  divided  into  certain  ftrata,  each  con¬ 
taining  a  particular  kind  of  exhalation,  or  vapour.  Hence  it  is  plain,  that 
water,  heat,  digeftion,  folution,  exficcarion,  diffillation,  calcination,  uftion, 
mixture,  union  and  feparation  may  render  fixed  fofiil  falts,  volatile,  and  in¬ 
termix  them  with  the  air. 

67.  The  part  called  fulphur,  in  foflils,  totally  flies  into  the  air  upon  burn¬ 
ing,  whilfl:  the  faline  acid  part  refolves  into  a  fuffocating  invifible  vapour,  or 
grofs  black  fume:  even  fulphur  itfelf,  when  reduced  to  a  fine  powder  by 
heat,  riles  into  the  air*,  and  if  mixed  with  other  bodies,  it  often  becomes 
furprizingly  volatile.  Chemifts  have  remarked  many  ways,  whereby  nature, 
or  art  changes  fulphurs,  fo  as  to  make  them  fly  into  the  atmofphere,  and  carry 
other  bodies  along  with  them.  Uncffuous,  fetid,  fuffocating  vapours  often 
prove  fatal  to  the  miners ;  thefe  vapours  catch  fire  at  the  flame  of  a  candle, 
fo  as  fuddenly  to  burn  with  great  fury  and  danger  *,  and  it  is  certain,  that 
thefe  fumes  confift:  of  arfenic,  orpiment,  cobalt,  or  the  fulphurs  of  antimony, 
bifmutb,  &c.  and  we  read  of  fulphureous  fhowers  attended  with  thunder 
and  lightning,  that  burnt,  fo  as  not  to  be  extinguifhed  by  water  '«),  &c. 

68.  Metals  themfelves  have  been  fo  far  changed,  as  to  rife  into  the  air  in 
form  of  a  volatile  fume;  quickfilver  in  particular  flies  away  invifibly,  with 
a  heat  of  600  degrees ;  and  if  the  air,  impregnated  therewith,  comes  in 
contacff  with  the  human  body,  it  proves  furprizingly  penetrating,  and  pre- 
fently  raifes  a  falivation :  nay,  this  fume  of  quickfilver  carries  up  with  it  fome- 
thing  from  metals  ;  as  we  fee  in  the  distillation  of  lead  and  tin  with  mercury. 
Iron,  copper,  tin  and  lead,  being  treated  in  a  violent  fire,  alfo  become  vo¬ 
latile  of  themfelves,  and  diflipate  in  part  into  the  air.  Lead  in  cupelling 
carries  off  a  great  part  of  the  imperfedt  metals.  So  when  cobalt,  arfenic,  or 
the  like  fulphurs  are  intimately  mix’d  with  gold  01  filver  ores,  thefe  ores 
lofe  a  large  proportion  of  their  metal,  which  is  render’d  volatile  in  the  fire, 
and  which  might  be  faved  by  a  gentle  calcination,  and  the  ufe  of  fixing  pow¬ 
ders  ;  whence  it  appears  that  large  quantities  of  gold  and  filver  may  be  dif- 
perfed  in  the  air.  It  may  feem  ftrange  to  talk  of  volatile  gold,  but  we  learn 
from  chemiftry,  that  if  mercury-fublimate  be  ground  with  the  calx  of  gold, 
and  diftilled,  by  the  retort,  with  regulus  of  antimony,  the  body  of  the  gold 
will  rife,  and  come  over  perfectly  volatile  in  the  form  of  a  purple  oil :  and 
nearly,  all  the  metals  may  be  render’d  volatile  in  the  fire,  by  means  of  a. 
proper  mixture  of  fulphur,  calcined  vitriol,  and  fal-ammoniac.  No  wonder, 
therefore,  that,  on  a  clear  day,  fumes  fliould  fuddenly  arife  near  mines  capable 
of  extinguifhing  a  lighted  torch,  as  Mr.  Boyle  mentions *,  fince,  the  denfefl: 
bodies  may  be  thus  raifed  in  the  form  of  fumes  into  the  air;  though  it  be 
hard  to  determine  what  the  particular  bodies  are.  But  there  is  frequently 
another  caufe,  why  the  air  is  impregnated  with  metallic  matters  ;  viz.  its  a- 
bounding  with  falts  and  fulphurs ;  for,  as  we  have  above  fhown,  that  the 
air  is  full  of  thefe  falts  and  fulphurs,  which  are  capable  of  diffolving  and 

carrying 


(u)  Nouvel.  Liter ar.  Ann.  1684.  p.  63, 
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carrying  off  metals,  *tis  eafy  to  perceive  how  the  air  may  fufpend  and  carry 
about  metallic  particles  in  it.  Thus  we  fee,  that  lead,  copper  and  iron  are  by 
the  contact  and  motion  of  the  air  quickly  turned  into  flowers,  ruft  and  fcales; 
or  cerufe,  verdigreafe  and  calx;  which,  being  brought  into  fine  powder, 
may  eafily  be  carried  by  winds  into  the  air.  Gold,  filver  and  tin  feem  to  be 
lefs  a&ed  upon  in  this  manner,  becaufe  their  faline,  volatile,  acid  fo] vents 
are  fcarce  found  in  the  air,  remote  from  the  laboratories  of  chemifts;  but  in 
America  the  air  is  fo  corrofive,  as  to  confume  the  tiles  off  the  houles,  and 
almofl:  all  ftony  and  metallic  bodies  (*);  which  is  generally  allowed  to  be 
the  cafe  in  the  air  of  Bermudas:  and  to  this  caufe  is  probably  owing  the  ef¬ 
fect  conftantly  obferved  by  miners  •,  viz.  that  the  ores,  after  being  dug  up, 
and  expofed  to  the  air,  are  thereby  affedted  in  a  Angular  manner,  on  ac¬ 
count  of  the  metallic  particles  lodging  therein  So  like  wife  we  frequently  fee 
marcafites,  or  vitriol-ftones,  and  other  exhaufted  metallic  matters,  fo  chang’d 
by  the  air,  in  which  they  lie,  as  to  increafe,  ripen,  renovate  and  become 
rich  in  metallic  matter  (y) :  hence  the  air  feems  to  be  the  great  fower  of  all 

things, 

which,  by  its  confpicuous  colour,  between 
blue  and  green,  by  its  tafte  and  fitnefs  to 
make  in  a  trice  an  inky  mixture  with  an  in- 
fufion  of  galls,  fufticiently  manifefted  itfelf  to 
be  vitriol. 

That  the  earth,  or  ore  of  alum,  robbed  of 
its  fait,  will  in  tratt  of  time  recover  it,  by 
being  expofed  to  the  air,  we  are  allured  by 
the  experienced  Agricola.  And  Mr.  Boyle  ob- 
ferves,  that  fome  kind  of  lime  in  old  walls, 
and  moift  places,  has,  in  time,  gained  a  large 
efflorefcence,  very  much  of  a  nitrous  nature  ; 
as  he  was  convinced  by  having  obtained  falt- 
petre  from  it,  upon  barely  difiolving  it  in 
common  water,  and  evaporating  the  filtred 
folution. 

It  may  feem  doubtful,  whether  the  falts 
appearing  in  the  fore-mentioned  cafes  are 
really  produced  by  the  operation  of  the  air 
working  as  an  agent,  or  concurring  as  an 
ingredient ;  or  whether  thefe  faline  fub- 
ftances  proceed  not  from  fome  internal  thing, 
analogous  to  a  feminal  principle,  caufing  in 
them  a  kind  of  maturation  of  fome  parts  ; 
which  being  once  ripened,  and  perhaps  af- 
filled  by  the  moifture  of  the  air,  difclofe 
themfelves  in  the  faline  concretions  :  as  in 
the  feculent  or  tartarous  part  of  wines,  there 
will,  in  trad!  of  time,  be  generated  or  pro¬ 
duced,  numerous  corpufcles  of  a  faline  nature, 
that  give  the  acid  take  we  find  in  tartar, 
efpccially  in  that  of  rhenifh  wine. 

It  may  alfo  be  fufjrected,  that  the  falts 
found  in  marcafites,  nitrous,  and  aluminous 
earths,  &c.  are  made  by  the  faline  particles 
of  the  like  nature,  that,  among  multitudes  of 
other  kinds,  fvvim  in  the  air,  and  are  attradl- 
ed  by  fimilar  particles  yet  remaining  in  the 

terreltrial 


(x)  An  experienced  mafon  told  me,  that 
Salijbuty  cathedral  is  built  of  Purbeck  Hone, 
ivhich  gradually  becomes  fofter,  and  moulders 
away  in  the  air;  that  the  fame  is  obferved 
of  Blackington  Hone,  tho’  kept  from  the 
wet :  but  what  comes  from  Pain/hvick,  with¬ 
in  four  miles  of  Glocejler,  tho’  foft  and  pliable 
at  the  firft,  will,  by  lying  in  the  air,  acquire 
an  hard,  yellowifh,  glafly  cruft,  like  marble ; 
which  grows  the  more  durable  for  being  often 
walhed.  Boyle,  Hid.  Qual. 

(y )  Mr.  Boyle  caufing  a  folidmarcafite,  hard 
as  ftone,  to  be  broken,  that  the  internal  and 
more  fhining  parts  might  be  expofed  to  the 
air  ;  he  found,  that  tho’  this  was  done  in  a 
room  where  a  good  fire  was  ufually  kept,  fo 
that  the  marcafite  was  not  only  lheltered  from 
the  rain,  but  kept  in  a  dry  air ;  yet  after  a 
while,  there  appeared  on.  this  glittering  part, 
an  efflorefcence  of  a  vitriolic  nature.  After¬ 
wards  meeting  with  a  ponderous  dark-colour¬ 
ed  mineral,  which  at  the  very  firft  breaking 
difcGvered  to  the  eye  no  appearance  of  any 
fait,  nor  fo  much  as  any  fhining  marcafitical 
particles  ;  he  found,  that  a  large  quantity  of 
thefe  hard  and  heavy  bodies  being  kept  ex¬ 
pofed  to  the  air,  even  in  a  room  that  preferv- 
ed  them  from  rain,  tho’  probably  they  had 
lain  many  ages  intire  under  ground,  in  the 
hill  where  they  were  found  j  yet,  in  a  few 
months,  by  the  operation  of  the  air  upon  them, 
they  were  in  a  great  part  crumbled  to  a  pow¬ 
der,  exceeding  rich  in  copperas.  Nay,  hav¬ 
ing  laid  up  fome  of  thefe  ftones  in  a  room, 
where  he  conftantly  kept  a  fire,  and  in  the 
drawer  of  a  cabinet,  which  he  did  not  often 
take  out  to  give  them  frefh  air,  molt  of  them 
were  covered  with  a  large  efflorefcence ; 
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things,  as  being  rich  in  all  kinds  of  materials,  and  committing  the  elements 
of  bodies  to  the  earth,  from  whence  it  before  received  them ;  thus  genera¬ 
ting  .mold  fubftances,  though  rather  in  the  manner  of  a  revolution  than  new 
production:  and- thus,  dew  has  afforded  a  liquor  by- dift illation,  which  ftruck 
the  colours  of  the  rainbow  upon  glafs,  fo  deep  as  not  to  be  difcharged  by  cl¬ 
ou  a  fortis ,  oil  of  tartar,  or  ftrong  rubbing  ;  and  this,  though  the  liquor  it 
lelf  was  fo  fubtile,  as  to  burn  like  fpirit  of  wine  ( z)z  this  effeCt  is  extremely 
like  that  of  a  metallic  tirxfture  upon  glafs  (a). 

69.  Thus  much  may  ferve  to  fhew,  what  notion  we  fhould  entertain  of 
the  air ;  which  is  to  be  held  as  a  chaos  of  all  forts  of  bodies  mixed  together  i 
fince,  particles  of  all  forts  of  bodies  float  therein,  fo  as  to  produce  all  thofe 


terreftrial  bodies,  which  are,  as  it  were,  the 
wombs  of  fuch  minerals ;  as  a  fpirit  of  nitre 
will  with  fixed  nitre,  and  fome  other  alkalies, 
compofe  falt-petre  :  or  elfe,  that  fuch  aerial 
falts,  aflifted  by  the  moifture  of  the  air, 
foften,  open,  and  almoft  corrode,  or  diflblve 
the  more  terreftrial  fubftances  of  thefe  wombs., 
and  thereby  follicit  and  extricate  the  latent 
faline  particles ;  and  by  their  union  with  them, 
compofe  thofe  refulting  bodies  that  refemble 
vitriol,  alum,  &c. 

But  tho’  thefe  confederations  fhould  be 
thought  fufficient  to  refeue  the  produftion 
of  falts  from  the  effeft  of  any  hidden  pro- 
.perties  of  the  air,  we  have  others  which  a- 
bundantly  evince  the  exiftence  of  fuch  pro¬ 
perties  :  as  the  air’s  accefs  rendering  antimo- 
nial  medicines  not  only  emetic,  but  alfo  dif- 
pofed  to  produce  heart-burnings,  faintings, 
hfc.  none  of  which,  when  kept  1'rQm  the  air, 
they  do  at  all  tend  to  promote  i  its  affording 
ftrange  prognofticks  of  plagues  ;  as  that  of 
the  perfon  mentioned  by  Mr.  Boyle,  who  for 
three  fucceffivc  plague-feafons  had  an  odd  tu¬ 
mour  formed  in  his  groin,  about  three  months 
before  the  plague  began ;  by  which  he  conftant- 
ly  foretold  its  approach  :  with  infinite  others 
to  be  met  withal  in  naturalifts,  chemifts,  &c. 
as  Znvelfer,  Boyle ,  Cardan,  Scaliger,  Diemer- 
broeck,  &c. 

To  account  for  the  origin  of  fuch  pro¬ 
perties  of  the  air,  Mr.  Boyle  obferves,  that  as 
we  cannot  pronounce  fo  much  as  negatively 
whether  the  libration  of  the  moon,  and  the 
motion  of  the  fun,  and  perhaps  cf  fome  of 
the  other  planets,  about  their  own  centres, 
£nd  confequently  their  turning  feveral  parts  of 
their  bodies  to  us,  may  not  have  an  operation 
upon  our  atmofphere  ;  fo,  for  ought  we  know, 
there  may  be  in  thofe  vaft  internal  parts  of- 
the  earth,  whofe  thin  cruft  has  been  here  and 
there  dug  into,  confiderablc  maffes  of  matter 
that  have  periodical  revolutions,  accenfions,  e- 
liuations,  fermentations,  or  in  fhort,  fome  o- 
ther  notable  commotions ;  the  effluvia  where- 


wonderful 

of  may  produce  effects  yet  unobferved  on  the 
atmofphere,  and  on  fome  particular  bodies 
expofed  to  it :  tho’  thefe  periods  may,  per¬ 
haps,  be  altogether  irregular,  or  have  fome 
kind  of  regularity  different  from  what  one 
would  expert.  Thus  the  fea  has  thofe  grand 
intumefcencies  we  call  fpring-tides,  not  every 
day,  nor  at  any  conftant  day  of  the  month 
or  week,  but  about  the  full  and  nevi£  moon ; 
and  thefe  fpring-tides  are  moft  notably  heigh¬ 
tened,  not  every  month,  but  twice  a  year  ; 
at  or  about  the  vernal  and  autumnal  equi¬ 
noxes  :  which  obfervations  are  not  near  fo 
ancient,  and  fo  well  known,  as  the  daily  eb¬ 
bing  and  flowing  of  the  fea.  The  Eteftans 
of  the  ancients  we  do  not  now  infift  on,  nor 
the  obfervations  of  the  elder  inhabitants  of  the 
Caribhee-lflands ,  who,  when  the  Europeans 
firlt  referted  thither,  had  hurricanes  but  once 
in  feven  years ;  afterwards  they  were  mole  fl¬ 
ed  with  them  once  in  three  years  ;  of  late 
they  have  been  troubled  with  them  alrnofl 
every  year :  and  a  phyfician  who  had  lived 
there  fince,  allured  us,  he  had  fcarce  obferv- 
ed  them  to  fucceed  one  another  in  lefs  com- 
pafs  than  of  two  months.  In  which  inftan- 
ces,  and  in  feveral  others,  it  may  be  noted, 
that  in  the  changes  which  happen  to  great 
quantities  of  matter,  nature  Items  to  affett 
fomething  of  the  periodical,  but  not  in  a 
way  that  appears  to  us  regular.  We  may  add 
what  Vat-emus  relates  of  thofe  hot  fprings  in 
Germany ,  which  he  calls  Therm a  piper  in a?,  that 
they  annually  begin  to  flow  at  certain  feafons ; 
the  former  about  the  third  of  May,  and  the 
latter  near  the  middle  of  September  ;  from 
which  time  they  reft  till  the  following  fpring  : 
to  fay  nothing  of  numerous  other  periodical 
fprings  which  flow,  fome  of  them  fo  many 
hours,  and  fome  fo  many  days,  and  then 
reft  as  many,  alternately.  See  Boyle  Abr. 
Vol.  Ill .  p.  Sg,  90,  &c. 

(2)  Repub.  de  Tettret,  Vol.  I.  p.  590. 

(<?)  Thil.  Tranf.  Abr.  Vol.  II.  p.  143. 
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Wonderful  effedts,  which  depend  upon  the  efficacy  of  particular  bodies: 
whence  numerous  phenomena  arife  in  the  air,  which  are  no  where  el fe  to  be 
met  with  ;  particularly  the  meteors.  Thus  there  mull  be  magnetic  bodies 
in  theair,  which  by  their  attractions,  repullions,  &c.  every  where  produce  fur- 
prizing  effects.  To  illuftrate  this  by  an  example,  if  you  hold  an  open  glafs  in 
one  hand,  full  of  alkaline  fpirit,  and  in  the  other  a  glafs  of  the  flrong  fpirit  of 
nitre  ;  and  firft  keep  them  at  a  diftance  from  each  other ;  nothing  obfervable 
will  appear ;  but  as  foon  as  you  approach  thefe  glaffes  to  each  other,  that  the 
fumes,  arifing  from  each,  may  meet  together,  a  little  cloud  will  immediately 
be  formed  upon  the  meeting  of  the  acid  and  alkali  in  the  air  :  fo,  if  an  amal¬ 
gam  of  tin  and  quickfilver  be  diftilled,  in  a  retort,  with  fpirit  of  fea-falt,  it  af¬ 
fords  a  liquor,  which,  being  kept  in  a  clofe  glafs,  lies  quiet ;  but  if  opened, 
prefently  rifes  in  a  thick  fume,  tho*  the  liquor  had  been  made  many  years  ; 
and  nature  abounds  with  the  like  examples  :  but  we  do  not  know  what  kinds 
of  faltsmay  refide  in  the  air,  nor  with  what  properties,  they  may  be  endu¬ 
ed  ( b ):  *tis  hard  to  affign  what  fpirits,.  or  oils,  may  float  therein  ;  and  con- 
fequently,  what  effe&s  may  arife  from  their  peculiar  natures.  We  fee  what  a 
prodigious  effect  inftantly  arifes,  upon  mixing  the  diftilled  oil  of  faffafras 
with  Glauber' s  fpirit  of  nitre  *,  an  effetft  fcarce  to  befhewn  by  any  other  expe¬ 
riment:  and  if  any  of  thefe  fubftances  fhould  float  in  the  air,  and  mix  toge¬ 
ther,  wonderful  appearances  might  be  produced.  But  the  comets,  the  mete¬ 
ors,  theafpecftsof  the  planets,  and  perhaps  of  the  fixed  ftars  themfelves,  may 
occafion  fuch  phenomena  to  happen  rarely:  for  thefe  celeftial  bodies  may 
adt  powerfully  by  means  of  their  attraction  and  repulfion,  their  light,  heat 
and  cold  ;  and  again,  with  refpect  to  the  effluvia,  which  they  generate  and 
fend  forth  (c).  And  in  all  thefe  refpects,  the  air  may  be  different  in  differ¬ 
ent 


(b)  Mr.  Boyle  propofes  a  method  of  deter¬ 
mining,  what  the  particular  fpecies  of  fait  is, 
that  predominates  in  the  air  of  any  place,  or 
at  any  time.  This,  he  thinks,  may  be  done 
by  a  fort  of  magnets,  or  attradives,  i.  e.  bo¬ 
dies  fitted  to  detain  and  abforb,  or  at  lead;  like¬ 
ly  to  be  afFeded  by  the  particular  falts,  fup- 
pofed  chiefly  to  abound  :  For  inllance,  if  we 
fufped  the  air  to  be  impregnated  with  nitre, 
lime,  or  the  like  bodies,  which  imbibe,  or 
retain  fuch  a  faltnefs ;  dyed  cloths,  or  filks  of 
fuch  particular  colours,  which  fade  or  tarnifh 
with  nitrous  fpirits,  may  be  expofed  thereto  : 
Where  vitriolic  effluvia  are  fuppofedpredomi- 
nant,  proper  preparations  of  fulphur  may  be 
fufpended,  to  try,  whether  they  will  acquire 
a  blacknefs  :  in  other  places,  gueffes  may  be 
made,  by  fpreading  on  the  clean  ground  white 
linen  cloth,  well  freed  from  foap  or  lee,  and 
obferving,  after  it  has  lain  a  confiderable  time, 
what  diicoloraticn  it  has  fuffered,  and  what 
faltnefs  it  has  imbibed,  either  from  the  af- 
cending  fleams,  or  falling  dtws. 

Or,  you  may  find  fome  one  body  capable  of 
being  affected-  by.  feveral  aerial  falts,  in  fuch 
different  manners,  as  to  difcover  which  kind 


produced  the  refpedive  changes.  Boyle,  Hijl. 
of  air. 

( c )  Befldes  the  alterations  in  refped  of  heat 
and  cold,  drought  and  moifture,  to  which  our 
atmofphere  is  liable  from  the  heavenly  bodies ; 
very  great  philofophers  have  fufpedted  that 
there  may  be  other  more  immediate  and  fpe- 
cific  ones.  Sir  If  Newton  fuppofes,  that  the 
vapour  which  makes  the  tail  of  comets,  coming 
to  be  exceedingly  rarified  and  agitated  in  their 
approach  toward  the  fun,  may  be  driven  and 
diffufed  thence  through  the  heavenly  fpaces, 
and  fo  come  to  be  attracted  by  the  feveral  pla¬ 
nets  within  whole  fpheres  of  activity  it  chances 
to  be  thrown.  Thus  mixing  with  their  atmo- 
fpheres,  fays  he,  it  may  afford  them  a  frefh 
fupply  of  water,  to  defray  thfe  continual  ex- 
pences  thereof  in  vegetation,  putrefad ion,  iff  c. 
He  adds,  that  he  fufpeds  the  fineft,  purefl, 
and  beft  part  of  our  air,  that,  in  efted,  where¬ 
by  life  is  fuflained,  to  be  principally  derived 
from  the  comets.  Phil.  Nat:' Brine:  Math . 

1.  3. 

Mr.  Boyle  fuggefls,  that  even  the  fun,  and 
other  celeftial  bodies,  may  have  influences  here 
below  diftind  from  their  heat  and  light  ;  and 

that- 
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ent  places*,  as  alfo,  with  regard  to  the  foil,  or  part  of  the  earth,  over  which 
the  air  is  found  for,  as  the  earth  produces  different  fubftances  in  different 
places,  the  vapours  and  exhalations  will  thence  be  different,  and  confequent- 
ly  impregnate  the  air  differently,  as  we  find  by  numerous  experiments  (d)  ; 

and 


that  the  fubtile  effluvia  thereof,  may  reach  as 
far  as  our  atmofphere,  -and  mix  therewith.  F.- 
very  planet,  fays  he,  has  its  own  proper  light, 
diflindt  from  that  of  the  others ;  which  is  ei¬ 
ther  a  bare  quality,  oh  which  fuppofition  its 
utmoft  ufe  and  defign  is  only  to  illuminate;  or 
elfe  all  light  is  attended  with  fome  peculiar 
virtue,  or  tin&ure ;  in  which  cafe  every  light 
muft  have  its  peculiar  property,  tinfture  and 
colour,  its  own  fpecific  virtue  and  power ;  in 
which  the  planets  all  differ  from  each  other. 
Thus,  adds  he,  the  fyn  not  only  fhines  on  all 
the  planets,  but,  by  his  genial  warmth,  calls 
forth,  excites,  and  raifes  the  motions,  proper¬ 
ties,  and  powers,  peculiar  to  them.  Whence, 
'according  to  the  angle  they  make  with  that 
grand  luminary,  and  the  degree  wherein  they 
are  .enlightened,  either  by  its  diredl  or  oblique 
rays,  in  a  near  or  remote  fituation  in  refpedl 
of  the  earth ;  the  effedls  of  the  powers,  vir¬ 
tues,  and  tin&ures  proper  to  each,  mult  be 
more  or  lefs  perceived  by  us.  Hijl.  of  Air. 

*  — As  the  other  planets,  fo  alfo  our  earth, 
f  is  not  only  enlightened,  warmed,  cherifhed, 

*  and  made  fruitful  by  the  influence  of  the 
‘  fun;  but  it  hath,  moreover,  its  proper  mag- 

*  netical,  planetary  force,  awakened,  ferment- 
f  ed,  excited,  and  agitated  thereby  ;  which  it 

*  fends  back  with  the  reflected  light  of  that 

*  luminary.  By  this  means  alfo,  the  feminal 
f  difpofitions,  odours  and  ferments,  lodged  in 

*  particular  regions  and  parts  hereof  emit 

*  and  diffufe  through  the  air  either  their 

*  kindly  and  grateful,  or  malignant,  con- 

*  gealing,  and  putrefying  qualities.  Hence, 

*  though  the  temper,  difpofitipn,  and  general 

*  qualities  of  the  air,  may  be  afligned,  accord- 

*  ing  to  the  motions,  influences,  and  afpetts 

*  of  feveral  fuperior  planets ;  yet  the  particular 

*  healthfulnefs  and  unhealthfulnefs  of  places ; 

*  the  bad  difpofitions  of  the  air,  whether  in 

*  the  evenings,  nights  or  mornings;  in  fome 
‘  places  more  than  others ;  excefiive  moifture, 

*  great  winds,  droughts,  or  feafons  peculiar 

*  to  a  country ;  fhould  chiefly  be  afcribed  to 

*  thofe  odours,  vapours  and  exhalations,  that, 

*  by  the  aCtion  of  the  fun,  or  other  planets, 
‘  are  forced  from  their  particular  feats  in  the 
f  planets  themfelyes,  into  the  open  air.’  Id. 
Ibid. 

[d]  In  an  exprefs  treatife  on  the  nvbolefime- 
ttefs  and  unnxsholefomenef  of  the  air,  Mr.  Boyle 
makes  appear,  that  it  depends  principally  on 
jthe  impregnation  the  air  receives  from  fubter- 
traneous  effluvia,  a  caufe  generally  overlook'd 


by  phyficians  ;  of  which  he  diftinguifhes  di¬ 
vers  kinds  ;  <viz.  ordinary,  which  are  almoft 
conftantly  fending  up  ;  extraordinary,  which 
rife  but  at  certain  times.  Thefe,  again,  if 
they  come  at  ftated  feafons,  he  calls  periodi¬ 
cal  ;  if  uncertainly,  fortuitous,  or  irregular. 

In  general,  tho’  the  wholefomenefs  of 
the  air  in  fome  places  may  be  chiefly  due  to 
the  wholefome  expirations  cf  lubterraneal 
bodies ;  yet  is  the  air  depraved  in  far  more 
places  than  it  is  improved,  by  being  impreg¬ 
nated  with  mineral  expirations.  Indeed,  a- 
mong  the  minerals  known  to  us,  there  are 
many  more  noxious  than  wholefome  ;  and  the 
power  of  the  former  to  do  mifchief,  is  more 
efficacious  than  of  the  latter  to  do  good  ;  as 
we  may  guefs  by  the  fmall  benefit  men  receive 
in  point  of  health,  by  the  effluvia  of  any  mi¬ 
neral,  or  other  kno  wn  foffil,  in  companion  of 
the  great  and  fudden  damage  that  is  often 
done  by  the  expirations  of  orpiment,  fanda- 
rac,  and  arfenic. 

Among  the  various  forts  of  particles  where¬ 
with  the  atmofphere  is  replete,  fome,  he  fhews, 
maybefo  fmall  and  folid,  or  fo  conveniently 
fhaped,  as  toencer  many  of  the  numerous  ori¬ 
fices  of  the  minute  glandules  of  the  fkin,  or  at 
other  pores  thereof.  Thus,  tho’  neither  pa¬ 
per,  nor  a  bladder,  be  pervious  to  the  elaftic 
parts  of  the  air;  yet  may  either  of  them  be 
eafily  penetrated  by  other  corpufcles  of  the 
atmofphere;  and  that  excellent  author  has 
prepared  a  dry  body,  which  being  inclofed  in 
either,  would,  without  wetting  or  difcolour- 
ing,  or  any  way  fenfibly  altering  them,  pafs 
in  a  trice  thro’  the  pores  thereof,  in  fuch  plen¬ 
ty  as  to  exert  a  manifeft  operation  on  bodies 
placed  at  fome  diftance  therefrom. 

This  is  confirmed  from  the  fudden  check 
almoit  every  fummer  given  to  the  plague  at 
Grand  Cairo  :  for,  fince  morbific  caufes  ope¬ 
rate  more  effectually  than  curative  ones,  it 
feems  more  than  probable,  that  exhalations 
afcending  from  under  ground,  may  produce 
peftilential  fevers,  and  the  plague  itfelf ;  fince 
the  corpufcles  which  impregnate  the  Egyptian 
air  upon  the  fwelling  of  the  Nile,  put  a  fpeedy 
flop  not  only  to  the  contagion,  but  to  the  ma¬ 
lignity  of  the  plague,  aflifted  even  by  the  fum- 
mer’s  heat,  which  there  is  exceffive. 

’Tis  very  probable,  that  moll  of  the  difea- 
fes,  which  even  phyficians  call  sieuv,  are 
caufed,  either  principally  or  fecondarily,  by 
fubterraneous  fleams. 
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and  hence  it  is,  that  fome  experiments  fucceedin  certain  places,  and  certain 
difpofitions  of  the  air,  but  not  in  others.  A  great  diverfity  alfo  arifes  in  re* 
fpetff  of  the  foils  in  different  places,  as  they  are  inhabited  by  men,  cultivated, 
fed  upon  by  animals,  manured  and  exercifed  by  various  arts;  whence  almoff 
all  kinds  of  bodies  come  to  rife  into  the  air  ;  and  whence  numerous  particulars 
may  happen  in  one  place,  that  do  not  happen  in  another.  Thus,  for  ex¬ 
ample,  if  oil  of  tartar  -per  deliquium  be  made  in  a  laboratory,  abound¬ 
ing  with  the  fumes  of  vinegar;  this,  upon  evaporation,  will  be  found  to 
be  a  regenerated  tartar,  flowing  like  wax  in  the  fire,  inftead  of  fait  of  tar¬ 
tar  :  but  if  the  experiment  was  to  be  repeated  in  another  place,  not  abounding 
with  the  fumes  of  vinegar,  a  very  different  fubffance  wou’d  be  obtained.  Ma¬ 
ny  examples  might  be  produced  to  the  like  purpofe  ;  whence  we  may  under- 
ftand  how  much  the  air  of  a  certain  place  may  be  altered  by  earthquakes  (e), 
fdV.  fo  as  to  become  very  different  from  what  it  was  before.  Thus,  hiftory 
informs  us,  that  certain  parts  of  the  earth  have  become  uninhabitable  on  ac¬ 
count  of  noxious  vapours  rifing  after  an  earthquake  ( f) ;  and  hence  inunda- 

•  tions 


Indeed  there  may  be  noxious  minerals  in  a 
country,  without  being  often  able  to  produce 
peftilences  :  they  may  lie  in  beds  fo  deep,  that 
even  a  fmall  earthquake  lhall  not  reach  fo  far 
downwards,  as  to  affedt  them ;  tho’  a  more 
violent  ihock  may.  And  hence  we  may  ac¬ 
count  for  the  plague’s  raging  in  fome  parts  of 
Africa,  once  in  thirty,  or  once  in  a  hundred 
years  ;  fince  there  may  be  periodical  parox- 
yfms,  or  grand  and  vehement  commotions,  in 
iubterraneal  parts,  tho’  not  yet  obferved  in 
them.  A  late  judicious  French  hiltorian  re¬ 
cords,  that  a  very  pernicious  difeafe,  of  the 
nature  of  a  cholic,  reigned  in  France  every 
tenth  year,  for  feventy  years  together. 

Mezeray  relates,  ‘  That  the  great  plagu£ 
e  which  happened  in  France  in  the  year  1 346, 
4  and  which  was  fo  contagious,  that  fcarce  a 
4  village,  or  even  an  houfe,  efcaped  uninfedt- 
4  ed ;  began,  two  years  before,  in  the  king- 

*  dom  of  Cathay,  by  a  vapour  moll  horribly 
‘  fetid,  and  breaking  out  of  the  earth,  like  a 
4  kind  of  fubterraneal  fire  ;  which  confumed 

*  and  devoured  above  two  hundred  leagues  of 

*  that  country,  even  to  the  very  trees  and 
4  Hones ;  and  infedted  the  air  in  a  wonderful 

*  manner.’  He  adds,  ‘  that  from  Cathay,  it 

*  pa(Ted  into  Afa  and  Greece,  thence  into  A- 

*  fric,  and  afterwards  into  Europe,  which  it 
4  ranfacked  throughout.  Hiji.  de  France. 

And  not  only  plagues,  but  molt  new,  con¬ 
tagious,  and  epidemical  difeafes,  Mr.  Boyle 
takes  to  arife  from  fubterraneous  caufes.  He 
initances  a  great  cold,  which,  in  one  day  or 
two,  invaded  multitudes  in  the  fame  city,  with 
violent  and  fatal  fymptoms ;  when  yet,  he 
could  fee  no  room  to  judge,  that  the  bare 
coldnefs  of  the  air  could  fo  fuddenly  produce 
a  difeafe  fo  epidemical  and  hurtful ;  and  it  ap¬ 


peared  more  probable,  that  the  caufe  came 
from  under  ground,  becaufe  it  began  with  a 
very  troublefome  fog. 

(e)  Peculiar  kinds  of  venomous  exhalations, 
’tis  probable,  may  fometimes  be  emitted  ;  e- 
fpvcially  after  earthquakes  ;  and  thus  occafion 
mortal  difeafes  in  animals  of  one  kind,  and  not 
of  another  j  and  in  this  or  that  place,  and  not 
elfewhere.  Fernelius  gives  us  an  account  of  a 
plague  or  murrain  in  1514,  which  invaded 
none  but  cats.  Dionyfius  Halicamajfeus  men¬ 
tions  a  plague  which  attacked  none  but  maids  : 
and  that  which  raged  in  the  time  of  Gentilis, 
killed  fcarce  any  women,  and  very  few  but  lully 
men.  Beterus  mentions  another  great  plague 
which  aflaulted  none  but  the  younger  fort  ; 
and  vve  have  inllances  of  the  fame  kind  of  a 
later  Handing.  Cardan  fpeaks  of  a  plague  at 
Bafil,  with  which  the  Switzers,  and  not  the 
Italians ,  Germans,  or  French,  were  infected  : 
and  Job.  Utenhovius  takes  notice  of  a  cruel 
plague  at  Copenhagen  ;  which  tho’  it  raged 
among  the  Danes,  fpared  the  Germans,  Dutch , 
and  Englifh,  who  w'ent  with  all  freedom,  and 
without  the  leaft  danger  to  the  houfes  of  the 
infedted. 

4  (f)  Eighteen  years  ago,  a  terrible  noife  began 
4  at  the  port  of  Santorini',  reaching  even  to 
4  Chio,  dillant  therefrom  above  two  hundred 
4  miles ;  which  was  fuppofed  to  proceed  from 
4  the  Venetians  fighting  with  the  Turks:  but 
4  at  length  it  was  found  to  be  caufed  by  a  fire 
4  underneath  the  port  above-mentioned,which 
4  there  call  up,  from  the  bottom  of  the  fea, 

4  quantities  of  pumice-ltones,  with  a  force  and 
4  report  as  great  as  if  they  had  been  feverally 
4  difeharged  from  a  cannon.  The  air  of  San - 
4  torini  was  by  this  means  fo  infedted,  that 
4  abundance  of  people  were  killed,  and  many 
H  h  h  4  loll 
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tions  from  rains,  &c.  produce  fuch  changes  in  the  atmofphere,  as  entirely  to 
change  its  nature  in  the  parts  adjacent,  by  means  of  the  moift  vapours  and 
exhalations,  ariflng  from  putrefied  bodies.  Winds  alfo,  which  convey  the  air 
with  its  contents  from  one  place  to  another,  thus  contribute  to  change  the 
matter  of  the  air  ;  whence  again  a  great  diverfity  muff  arife  from  this  caufe  in 
chemical  operations.  The  influences  of  the  heavenly  bodies,  according  to  the 
different  afpecfls  of  the  fun,  and  moon  j  particularly,  their,  acceffes,  recedes, 
perpendicularity,  obliquity,  conjunctions,,  oppofitions,  &c.  may  occafion 
wonderful  changes  in  the  air,  by  the  hfeat,  cold,  attraction,  repulfion,  va¬ 
pours,  and  exhalations  they  produce;  to  all  which  we  may  well  add  the 
changes,  occafioned  by  the  variations  of  the  feafons  of  the  year  (j-).  And 
hence  chemifts  have  obferved  different  effects  from  the  fame  degree  of  heat  in 
the  fpririg,  and  the  autumn  ;  and  prefer  the  vernal  rain  to  the  autumnal,  as 
containing  very  different  particles  *,  on  account  of  tho  earth’s  being  open  in  the 
fpring,  after  it  was  bound  up  by  the  froft  of  the  preceding  winter  ;  and  - 
more  exhaufled  in  the  autumn,  on  account  of  the  preceding  fummer.  - 
70.  Before  we  leave  theconfideration  of  the  different  properties,  and  different 
fubflances  in  the  air,  we  fhould  fhew  a  particular  regard  to  that  whereby 
the  life  of  animals  and  vegetables  is  fupported  •,  and  tho’  this  cannot  be  un-  • 
derfiood  from  any  other  property  of  the  air,  yet  it  may  be  difcovered  by 
diligent  fearch.  Who  will  undertake  to  fhew,  that  this  latent  virtue'  is  at¬ 
tracted  by  animals  and  vegetables  from  the  air,  and  confumed  by  them,  and 
that  death  neceffarily  follows  upon  its  confumption  ?  Mr.  Boyle  indeed  has  ■ 
fhewn,  that  a  fmall  bird,  put  into  a  large  receiver  full  of  common  cool  air, 
and  clofely  flopped  up,  grows  fick  in  a  quarter  of  an  hour,  and  vomits,.  and  ~ 
in  three  quarters  dies  :  fifties  in  a  clofe  veffel  of  water,  unrefrefhed  by  the  air, 
die  foon  y  fo  they  do  likewife  in  lakes,  that  are  froze  over  •,  fo  they  do  alfo 
in  water,  from  whence  the  air  is  extracted  :  flames  and  burning  coals  are 
foon  extinguifhed  in  a  clofe  air  ;  the  eggs  of  infeCts,  fhut  up  clofe  in  glafles,  ■ 
do  not  produce  young  ones,  tho*  kept  warm  *,  the  feeds  of  plants,  tho’  firft 
properly  fieeped,  then  fown  in  rich  earth,  and  kept  in  a  proper  degree  of' 

warmth. 


loft  their  ftglit  thereby;  though  they  reco- 
‘  vered  it  in  a  few  days  afterwards.  This  in- 
‘  fefiion  .fpread  it  felf  as  far  as  the  preceding  . 
*  noife.had  reached;  for  even  at  Chio  and 
Smyrna,  all  the  coin  was  changed  red,  both 
that  in  the  pocket  and  that  locked  up  in 
‘  chefts ;  and  the  fame  happened  to  the  filver 
‘  chalices  in  the  churches.  The  infe&ion, 

‘  however,  vanilhed  in  a  few  days  time,  and 
‘  the  filver  recovered  its  native  colour.’  Voyage 
de  Levant. 

In  the  year  1660,  in  the  kingdom,  of  Naples, . 
after  an  eruption  of  Vefuvius,  ftrange  croftes 
appeared  on  linen  that  had  lain  open  to  the 
air.  They  were  extremely  numerous  in  feve- 
ral  parts  of  the  kingdom  of  Naples ;  and  the 
jefuit,  who  fent  the  relation  to  Kircher ,  fays, 
that  he  himfelf  found  thirty  in  one  altar-cloth ; 
fifteen  upon  the  fhift-fleeve  of  a  woman ;  and . 


eight  in  a  boy’s  band..  Their  colour  and  mag-  • 
mtude  were  alfo  very  unequal,  and  their  fi-  ■ 
gure  different ;  they  would  not  wafh  out  with 
iimple  water,  but  required  foap.  Thefe  were 
found,  not  only  upon  linen  garments  expofed  • 
to  the  air,  but  upon  fome  of  thofe  that  were  - 
kept  in  locked  chefts. 

(g)  ‘  Stains  caufed  by  vegetable  juices,  are  - 
oblerved  to  be  beft  taken  out  of  linen  at  that 
‘  time,  when  the  feveral  plants  that  afford 
‘  them  are  in  their  prime.  This  one  lady  • 
‘  has  experienced  in  new  linen  flamed  by  the 
‘  juice  of  quinces  ;  and  another  in  fome  dif- ■ 

*  coloured  by  the  juice  of  hops,  which  fhe 
‘  thinks  makes  the  worft  of  ftains ;  but  hav- 
‘  ing  tried  in  vain  to  fetch  this  out,  fhe  locked 

*  up  the  linen  in  a  cheft,  till  thefeafon  of  hops 
‘  came  on,  and  then  the  .  fpots  vanilhed  of 
‘  themfelves.’  Boyle ,  Hijl.  of  Air. 
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warmth,  yet  do  not  grow,  or  give  any  figns  of  life,  if  the  air  be  kept  from 
them.  On  the  other  hand,  when  blood  is  taken  from  a  vein,  the  fur- 
face  contiguous  to  the  air,  appears  red,  but  where  the  air  dees  not  touch  it, 
black,  like  the  liquor  of  the  fcuttle-fifh  ;  but  as  foon  as  the  black  furface 
comes  in  contaft  with  the  air,  this  alfo  grows  red  :  now  ail  thefe  particulars 
manifeft,  that  there  is  a  hidden  virtue  in  the  air,  which  cannot  be  under- 
flood  by  any  of  the  properties,  hitherto  explained.  Sendivogius  has  plainly 
laid,  that  the  food  or  life  lies  concealed  in  the  air  •,  other  chemifts  have  af~ 
ferted  the  fame  ;  but  what  this  food  is,  how  it  ads,  and  what  are  its  effeds,  lie 
ftill  concealed  ;  poflibly  it  may  be  its  elaftic  part  (h).  We  know  that  the  air  is 
full  of  water  ;  /,  e.  a  ponderous,  folid,  incomprefiible  body;  this  water  a- 
bounds  fo  copioufly  in  the  air,  as  fenfibly  to  wet  fait  of  tartar,  when  a  fmall 
quantity  is  contained  in  a  clofe  glafs  :  but  befides  water,  almoft  all  bodies  are 
contained  in  the  air,  which  at  lead  mud  weigh  as  much  as  the  water  *,  and  as 
thefe  corpufcles  are  fuppofed  liquid,  they  are  fcarce  compredible  ;  and  if  all 
the  corpufcles,  that  we  know  have  weight,  were  to  be  exadly  feparated 
from  a  portion  of  air,  a  very  fmall  proportion  would  remain  behind  for  its  e- 
ladic  part :  and  if  I  was  to  form  a  conjedure  from  all  the  experiments  I  have 
made,  I  diould  go  near  to  fay,  it  was  none  at  all.  For,  if  we  fuppofe,  that  in 
a  cubic  foot  of  air,  only  the  8  50th  part  of  the  whole  fpace  is  poflefled  by 
uneladic  vapours  and  exhalations,  together  with  the  dudy  corpufcles  floating 

H  h  h  2  therein  ; 


(h)  We  are  extremely  apt  to  be  too  preci¬ 
pitate  in  our  conclufions :  after  having  learnt 
a  few  of  the  properties  of  a  body,  we  think 
we  have  got  all,  and  impofe  it  on  our  felves 
to  account  for  all  the  phsenomena  and  effects 
thereof,  how  various  foever,  from  what  we  do 
know.  Hence  innumerable  crude,  conllrained 
folutions.  Nobody  appears  to  have  been  more 
on  his  guard,  in  this  refpeCt,  than  Mr.  Boyle 
he  faw  abundance  of  effects  from  air,  which  • 
did  not  appear  to  have  any  dependance  on  the 
known  mechanical  properties  thereof ;  and  on 
this  view  compofed  that  excellent  piece  of 
Sujficions  about  fame  bidden  qualities  of  the 
Air.  4  The  difficulty,  fays  he,  we  find  in 

*  keeping  flame  and  fire  alive,  tho’  but  for  a 

*  little  time,  without  air,  renders  it  fufpi- 

*  cious,  that  there  may  be  difperfed  thro’ the 
4  atmofphere,  fome  odd  fubftance,  either  of 

*  a  folar,  aftral,  or  fubterraneous  nature  ;  on 

*  account  whereof,  the  air  is  fo  neceflary  to 

*  the  fubfiftence  of  flame.  And  this  neceffity 

*  I  have  found  to  be  more  confiderable,  and 
4  lefs  dependent  upon  the  manife.fi  attributes 

*  of  the  air,  than  is  ufually  obferved  ;  for  by 

*  trials  purpofely  made,  it  has  appeared  that 

*  a  fmall  flame  of  a  lamp,  tho’  fed  perhaps 
4  with  a  fubtile  thin  oil,  would,  in  a  large  re- 

*  ceiver,  expire  for  want  of  air,  in  a  far  lefs 

*  time  than  one  would  believe.  And  it  will 
4  not  much  leflen  the  difficulty  to  alledge,  that 

*  either  the  grofs  fuliginous  fmoke  in  a  large 


*  veflel,  ftifled  the  -flame ;  or  that  the  pref- 
4  fure  of  the'air  is  requifite  to  impel  up  the 
‘  aliment  into  the  wiecks :  for  to  obviate  thefe 
4  objections,  it  may  be  obferved,  that  the  ex- 
‘  periment  holds  of  fpirit  of  wine,  which,  in 
4  the  open  air,  will  burn  quite  away,  with- 
‘  out  any  fenfible  fmoke  ;  and  this  without  a- 
‘  ny  wieck  at  all. 

Again,— •*  It  feems  furprizing  what  fhould 

<  be  in  the  air,  which  enabling  it  to  keep 

*  flame  alive.,  does  yet,  by  being  confumed  or 

*  removed,  fo  fuddenly  render  the  air  unfit 

<  to  preferve  flame.  It  Ihould  feem,  by  the 

*  fudden  wafting  or  fpoiling  of  this  fine  fub- 
.<  fiance,  whatever  it  be,  that  the  bulk  of  it  is 

<  but  very  fmall,  in  proportion  to  the  air  it 

*  impregnates  with  its  virtue  j  for  after  the 

*  extinction  of  the  flame,  the  air  in  the  re- 

*  ceiver  was  not  vifibly  altered,  and,  for  aught 
■«  I  could  perceive  by  feveral  ways  of  judging, 

*  the  air  retained  either  all,  or  the  greateft 
«  part  of  its  elafticity,  which  I  take  to  be  its 
4  moft  genuine  and  diflinguiiliing  property. 

*  This  undeftroyed  fpringynefs  of  the  air, 
4  with  the  neceffity  of  frefh  air  to  the  life  of 
4  hot  animals,  fuggefts  a  great  fufpicion  of 
4  fome  vital  fubftance,  if  I  may  fo  call  it,  dif- 
4  fufed  thro’  the  air,  whether  it  be  a  volatile 
4  nitre,  or  rather  fome  anonymous  fubftance, 
4  fidereal  or  fubterraneal ;  tho’  not  improba- 
4  bly  of  kin  to  that,  which  feems  fo  neceflary 
4  to  the  maintenance  of  other  flames,’  Ibid, 
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therein  ;  then,  the  remaining  unelaftic  air  would  have  no  weight  at  all ;  and 
hence  it  would  happen,  that  air  could  never  be  comprefled  into  a  lefs  fpace 
than  an  8  50th  part,  tho’  Sir  Ifaac  Newton's  law  were  to  hold  true  in  this  ela¬ 
stic  part  •,  viz.  that  the  elements  of  bodies  refill  one  another  the  Stronger,  the 
more  they  are  comprefled :  for  hence  alfo  it  would  appear,  that  this  elaftic 
part  could  not  be  farther  comprefled,  after  the  other  parts  were  reduced  to 
the  850th  part  of  their  former  fpace  ;  as  now  the  whole  fpace  would  be  pof- 
fefled  by  water,  and  other  incompreflible  bodies :  which  exadlly  agrees  with 
the  experiments  of  Dr.  Halley ,  and  the  Florentine  academicians  *,  who  affirm,  - 
that  air  cannot  be  comprefled  into  lefs  than  an  800th  part  of  its  bulk  (i)  ; 
tho’  we  mull  not  hence  infer,  that  the  pure  elaftic  part  of  the  air,  if  it  could 
be  had  feparate,  is  not  compreffible  to  a  much  greater  degree.  Hence,  I  have 
often  been  led  to  confider,  whether  God  did  not  originally  create  fire  and 
pure  elaftic  air,  without  gravity,  and  without  any  direddonto  a  certain  point, 
but  equally  distributed  them  thro*  the  whole  univerfe,  and  all  its  fyftems ;  fo  * 
as  that  fire  Ihould  always  a<ft  upon  air,  to  keep  it  moving,  even  in  the  ut- 
moft  degree  of  cold:  for,  if  at  the  top  of  the  atmofphere,  the  degree  of  heat 
be  lefs,  the  air  will  there  be  lefs  comprefled  in  the  fame  proportion,  as  hav¬ 
ing  lefs  weight  upon  it,  and  confequentlybe  alwaysfo  rare,  as  to  be  kept  in 
a  tremulous  motion  by  lefs  fire.  But  here  it  may  be  aSked,  if  the  air,  with 
regard  to  its  elafticity,  be  without  gravity,  why  is  it  not  rarer  near  the  earth’s 
Surface  ?  I  anfwer,  that  the  compofing  particles  of  the  air  cannot  eafily  extri¬ 
cate  themfelves,  as  being  here  fo  intangled  and  mixed  together  ;  and  there¬ 
fore  mult  here  below  be  comprefled  by  others  above.  Before  I  conclude  this  ; 
hiftory  of  the  air,  I  Shall  add  a  few  experiments  after  M.  Mariotte ,  who  has 
nobly  profecuted  the  fubjedt,  by  way  of  confirmation  to  this  dodtrine  of  the 
elafticity  of  the  air.' 

E  X  P  E  R  I  M  E  N  .  T  I.  : 

■k  m 

71.  Take  a  clean  poliflied  plate  of  filver,  and  put  it  into  a  glafs  of  fair 
water  ;  bubbles  of  air  will  prefently  appear,  and  Slick  to  the  furface  of  the 
plate,  thence  rife  thro’  the  water  and  burft  at  the  top  :  and  as  this  is  con#- 
ftantly  the  cafe,  it  fhews,  that  common  air  firft  adheres,  in  in vifible  particles, 
to  the  furface  of  folid  metals,  fo  as  to  defcend  with  them  thro’  the  water  5  , 
whilft  it  adheres  to  thefe  metals,  after  the  manner  of  a  tenaceous  fubftance, 
without  quitting  its  hold,  till  forced  away  by  the  weight  of  the  water:  when, 
therefore,  this  plate  of  filver  is  moved  thro’  the  air,  doubtlefs, '  the  contigu¬ 
ous  air  flicks  to  its  furface,  till  ftruck  from  thence,  either  by  heat  or  rapid 
motion,  when  quitting  its  hold,  it  is  Succeeded  by  frefh  air.  This  property 
of  elaftic  air  Should  be  duly  regarded  in  chemiftry  ;  for,  as  air  only  adheres  to 
the  furfaces  of  bodies,  without  entring  their  fubftance,  ’tis  plain,  that  bodies 
minutely  divided  in  the  air,  and  thence  confequently  greatly  increafed  in 
their  furface,  muft,  upon  diftillation,  give  out  more  air  into  the  receiver, 
than  when  they  are  diftilled  entire.  Hence,  therefore,  the  air,  produced  in 

difiolving 

t*}  Fiji.  Acad.  Royal,  ^.,1703.  p.  7, 
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diflolving  fine  grains  of  filver,  with  fpirit  of  nitre,  does  not  proceed  from 
the  fpirit  alone,  nor  the  metal  alone,  but  partly  alfo  from  the  air  adhering 
to  the  furfaces.  But  if  a  folid  polilhed  plate  of  gold,  or  filver,  be  fo  attractive 
of  air,  other  bodies,  doubtlefs,  may  be  much  more  attractive  thereof.  All 
bodies  therefore,  when  put  into  water,  carry  down  air  along  with  them  ; 
and  the  more  fo,  as  they  are  rough  and  unequal,  or  have  larger  furfaces  ; 
and  efpecially,  if  at  the  fame  time  they  are  light,  porous,  fpungy,  and 
come  to  be  diffolved  into  their  fineft  particles  by  the  water.  And  this  is  the 
firft  way  of  demonftrating,  that  elaftic  air  adheres  to  folid  bodies. 

E.  X  P.  E  R  I  ME  NT  II. 

72.  Take  a  large,  clean,  cylindrical  glafs  ;  almoft  fill  it  with  clear  water  ;  And  to  fluids. 
put  it  under  the  receiver  of  an  air-pump,  and  exhauft  the  air;  at  firft,  no  See  tlate^tb 
change  will  be  perceived  in  the  water,  but  after  a  confiderable  quantity  of flg.  z“  ' 
the  air  is  extracted,  numerous  air-bubbles  will  arife,  and  fly  very  quick,  and 

large,  up  to  the  furfaceof  the  water  :  thefe  bubbles,  fo  far  as  we  can  obferve, 
proceed  from  the  inner  furfaceof  the  hides  and  bottom  of  the  glafs  ;  fo  that 
a  hafty  perfon  would  infer  from  this  Angle  experiment,  that  all  the  air,  thus  s 
extricated  from  the  water,  lay  concealed  between  the  concave  furface  of  the 
glafs,  and  the  convex  furface  of  the  water  :  but  the  contrary  will  hereafter 
be  ftiewn  by  other  experiments.  In  the  mean  time,  we  may  fairly  conclude, 
that  the  air  here  adheres  to  the  furface  of  the  glafs  and  the  water,  with  the 
fame  tenacity  as  in  the  preceding  experiment. 

* 

Er  X  P  E  R  I  !  M  E  N  T  III/ 

73.  Air  it  felf  alfo  fuperficially  adheres  to  other  air  with  a  remarkable  te-  Andtoitflelfl. 
nacity,  tho*  its  particles  may  feem  to  fly  from  one  another.  Take  a  large 

round  glafs,  with  a  long  cylindrical  ftem,  whofe  diameter  is  about  four  geome¬ 
trical  lines ;  fill  it  with  water,  invert  it,  and  not  a  drop  of  water  will  fall  out,  , 
nor  a  bubble  of  air  get  in  ;  which  ftiews  that  the  fmall  particles  of  air  do  not 
eafily  recede  from  each  other,  but  adhere  with  a  certain  tenacity  :  for,  if  the 
light,  elaftic  particles  of  the  air  were  as  eafily  feparable  from  each  other,  as  the 
parts  of  alcohol,  the  elaftic  particles  of  the  air  would  here  pafs  thro*  the  water, 
and  rife  to  the  top  of  it ;  whilft  the  water  would  in  the  fame  proportion  flow  out 
of  the  glafs,  as  we  have  formerly  Jfhewn.  That  thecaufe  is  owing  to  the  tenacity 
of  the  parts  of  air,  we  prove  by  the  following  experiments.  Fill  the  fame  glafs 
with  a  ftrong  iixivium  of  fait  of  tartar,  and  invert  it  into  another  glafs  of 
diftilled  oil  of  turpentine;  thus  you  will  fee  the  tenacious  parts  of  the  diftilled 
oil  afeend  much  flower  thro*  the  ponderous  lixivium,  than  water  or  alcohol. 

It  may  indeed  be  objected,  that  this  does  not  proceed  from  the  tenacity  of  the 
oil,  but  from  its  property  of  refilling  water  ;  and  that  air  may  have  the  fame 
property:  but  we  are  to  confider,  that  air  alfo  afeends  flowly;  whether  the 
glafs  be  filled  with  water,  alcohol,  brine,  any  lixivium,  or  even  quickfilver 
itfelf,  Whence,  I  conjecture,  that  the  tenacity  of  the  elaftic  part  of  the  air  is 

here 
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here  greater  than  in  other  fluids  ;  and  confequently,  that  being  once  united, 
they  are  more  difficultly  feparable,  or  divifible  into  their  lefler  particles  ; 
whence  they  mix  more  difficultly  .with  liquors  than  any  other  known  fluids. 
Indeed  all  the  philofophers,  whom  I  have  hitherto  confulted,  are  of  a 
different  opinion,  and  fuppofe,  that  air  immediately  enters  all  the  liquors  it 
touches  •,  but  a  careful  observation  has  made  me  judge  differently  :  for  let  this 
lame  glafs  be  two  thirds  filled  with  liquor,  and  the  remaining  third  contain  no¬ 
thing  but  air,  and  the  top  be  exa&ly  clofed  with  a  glafs  ftopper  ;  if  you  {hake  the 
veflel  ever  fo  long,  the  air  will  never  be  perfe&ly  mixed  with  the  liquor,  but 
only  large  bubbles  be  produced  in  the  water,  where  the  particles  of  air  mu¬ 
tually  lay  hold  of  one  another,  and  roll  about  together  ;  whilfl:  the  agitated 
parts  of  the  water  form  a  little  fphere  on  the  upper  part,  which  confines  the 
air  :  and  from  a  number  of  fuch  bubbles  there  arifes  a  white  froth,  con  lift¬ 
ing  of  air  and  water,  and  returning  back  into  each  refpeCtively  :  thefe 
bubbles  are  about  3  lines  in  diameter.  To  confirm  this  paradox,  I  {hall  add 
the  following  experiment :  Take  a  glafs  phial,  full  of  common  air,  with  its 
mouth  not  4  lines  -in  diameter  •,  plunge  it  perpendicularly  under  water,  with 
its  open  mouth  upwards  ♦,  the  water  will  now  prefs  upon  the  furface  of  the 
air  in  the  glafs,  and  not  enter,  but  be  fuftained  by  the  air :  whence,  we  fee 
that  water,  tho’  8  50  times  heavier  than  air,  cannot  thus  divide  the  parts  of 
air,  fo  as  to  infinuate  between  them.  But  it  is  here  remarkable,  that  if  the 
glafs  full  of  water,  has  a  mouth  5  inches  in  diameter,  and  be  inverted  with 
its  mouth  downwards,  a  large  bubble  of  air  enters  the  neck,  and  pafles  entire. 
See  plate  7 tb,  upwards  thro1  the  water  :  at  the  fame  time  we  may  obferve,  that  the  furface 
h-  3>  an<i  4-  of  thefe  bubbles,  which  thus  afcend,  are  both  ways  convex,  whilfl:  the  con¬ 
cave  furface  of  the  water,  thro’^  which  they  pafs,  accommodates  it  felf  to  the 
air.  This  appears  more  plain,  whilfl:  the  ftem  of  the  phial  is  held  parallel  to 
Fig-  5-  the  horizon  under  the  water.  The  fame  holds  alfoof  {lender  glafs  tubes,  full 
of  air  and  open  at  both  ends  ;  for,  if  thefe  are  placed  perpendicularly  in  wa¬ 
ter,  the  water  afeends  fo  as  to  form  a  concave  furface  in  the  upper  part ;  whilfl: 
the  air  in  its  lower  furface  is  convex.  All  which  feems  to  ffiew,  that  the  ela- 
ftic  part  of  the  air  has  a  confiderable,  determinate  degree  of  tenacity  ;  tho* 
fome  arepleafed  to  explain  thefe  phaenomena  by  the  attraction  which  is  found 
between  water  and  glafs. 

EXPERIMENT  IV. 

Elajlh  air  in  74.  Take  three  conical  glafles,  A,  B,  C,  with  flat  bottoms,  and  narrow- 
nuater.  ^  ing  upwards,  but  open  at  top  :  In  the  firft  put  cold  water  of  the  temperature 
Palate  8.  f.g.  cp  t]ieajrj  fuppofe  44  degrees- ;  in  the  next,  warm  water,  91  degrees  ;  and 
in  the  third,  hot  water,  of  150  degrees  :  put  thefe  glafles  under  the  receiver 
of  an  air-pump,  and  exhauft  the  air.  As  foon,  as  a  little  air  is  drawn  put, 
numerous  bubbles  will  be  generated*in  the  hot  water  of  the  glafs  G,  and  ap¬ 
pear  about  the  bottom  and  tides  of  the  glafs  *,  whence  they  rife,  grow  large, 
and  burft  at  the  furface,  as  if  the  water  were  in  a  boiling  ftate,  tho*  it  be 
70  degrees  below  that  ftate  j  but  in  the  glafs  B,  where  the  heat  was  only  91 

degrees. 
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degrees,  no  fuch  motion  of  the  particles  will  yet  appear  ;  but  after  more  air 
is  extracted,  the  water  in  this  glafs  will  alfo  begin  to  generate  great  bubbles  ; 
the  water  in  the  glafs  C,  ftill  remaining  quiet :  and  after  a  great  deal  more  air 
is  extracted,  the  water  in  the  glafs  C,  will  alfo  begin  to  bubble,  and  continue 
to  do  this  a  long  while,  if  the  receiver  be  well  emptied.  Whence  we  fee, 
that  pure  elaftic  air  may  lie  concealed  in  water,  without  manifefting  any  fign 
ofitfelf  in  the  cold,  and  under  the  preflure  of  the  atmofphere  ;  and  tho’ wa¬ 
ter  thus  conceals  compreflible  air  within  it,  yet  can  it  by  no  means  be  itfelf 
comprefled,  as  we  learn  by  the  experiments  of  the  academy  del  Cimento. 

Whence  it  appears,  that  air,  lodged  in  water,  muft  be  feated  in  the  vacuities 
betwixt  the  component  particles  of  the  water:  and  it' could  not  po  fiefs  thefe 
fpaces  without  being  able  to  interpofe  itfelf  between  the  particles  of  water* 
where  they  are  in  mutual  contact other  wife  the  water,  containing  this  air, 
muft  be  compreflible.  In  thefe  pores,-  therefore,  between  the  laft  particles  of 
the  water,  thofe  of  the  air  may  reft:  and  hence  it  is  probable,  that  the  air, 
thus  fituated,and  remaining  there  infenfibly  in  the  cold,  requires,  that  the  water 
be  comprefled  by  the  weight  of  the  atmofphere,  to  keep  it  there  ;  and  that 
when  the  parts  of  the  water  are  lefs  compreffed,  then  thefe  concealed  particles 
of  air  rife  up  thro*  the  incumbent  water,  quit  the  pores  where  they  lay 
concealed,  and  leave  them  empty  of  air.  We  alfo  know,  that  heat  difpofes 
the  intercepted  air  to  quit  the  water  ;  fo  that  the  hotter  water  grows,  the 
more  eafily  air  flipsfrom  it  i  whence  the  largefL  part  of  it  efcapes  upon  long 
boiling.  Laftly,  we  learn  by  experiments,  that  wine,  beer,  and  brandy, 
part  with  their  air*bubbles  the  quicker  in  the  air-pump,  the  more  inflammable 
fpirit  they  contain.  All  which  is  more  fully  illuftrated  by  the  following  ex-* 
periment. 

75.  Take  a  cylindrical  glafs  veflel  AB,  with  a  flat  bottom,  and  half  fill  it  with  Plate  K.  figlz. 
fair  water  ;  have  ready  alfo  a  fpherical  glafs  phial  C  D,  with  a  long  ftem  D  ; 
fill  this  with  water,  and  fix  the  finger  upon  the  mouth  D,  fo  as  to  touch 
the  water  in  the  neck  %  then  plunge  the  neck  under  water  in  the  glafs  AB, 
fo  that  no  air,  nor  any  thing  but  water,  may  remain  in  the  phial  D.  Set  both  > 
veflels,  in  this  pofture,  under  the  receiver  of  an  air-pump ;  and  when  the  air 
is  nearly  exhaufted,  the  water  in  the  cavity  of  the  phial  C,  will  fall  by  its  own  ’ 
weight,  down  the  neck  D,  into  the  glafs  A  B)  the  lurface  of  the  water  in  the 
glafs  A  B,  being  no  longer  preffed  by  the  weight  of  the  atmofphere  :  and 
thus,  a  Torricellian  vacuum  will  be  made  in  the  cavity  C,  above  the  defend¬ 
ing  water  ;  whence  the  water  there  will  not  be  prefled  upon.  And  hence,  the  - 
air  making  numerous  bubbles  in  the  water  contained  in  this  cavity,  and  all 
riling  thro’  the  water  in  the  neck,  and  in  the  phial,  to  the  vacuum  above,  and  • 
burfting  there,  all  the  air  will  thus  colleift  from  the  water  contained  in  the  vef- 
fel  C  D.  Let  the  whole  apparatus  remain  in  this  fituation,  till  no  more  bub¬ 
bles  are  formed,  or  rife  to  the  upper  part  of  the  phial  ;  then  fuffer  the  air  fo 
enter  into  the  receiver ;  which,  immediately  prefling  the  furface  of  the  water 
in  the  glafs  A  B,  will  force  the  water  thro*  the  mouth  D,  into  the  cavity  C :  • 
but  when  all  the  external  air  is  admitted  into  the  receiver,  the  water  now  will 
not  fill  the  cavity  as  before  j  but  an  air-bubble,  confifting  of  elaftic  air,  remain 
in  the  upper  part,  being  what  was  difeharged  from  that  water  in  the  preced- 
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ing  operation,  in  the  form  of  bubbles  •,  which  did  not  rife,  till  a  large  part 
of  the  air  was  drawn  out  of  the  receive.  But  thefe  bubbles  never  arife  from 
water,  till  fo  much  air  is  extracted,  as,  we  find  by  the  gage,  exceeds  a  tenth 
part  of  the  weight  of  the  atmofphere ;  and  as  the  greateft  variation  of  the 
atmofphere  with  us,  never  exceeds  a  tenth,  there  is  no  danger,  that  wa¬ 
ter  fhould,  on  this  account,  naturally  part  with  its  air :  nay,  even  water 
heated  to  90  degrees,  and  freed  from  a  tenth  of  the  weight  of  the  at¬ 
mofphere  by  the  pump,  does  not  difcharge  its  air  in  bubbles :  whence  the 
air  contained  in  the  juices  of  the  body,  is  never  feparated  from  them,  even 
in  the  .lighted:  Rate  of  the  atmofphere  in  our  climate.  It  may  here  be 
afked,  how  it  can  be  proved,  that  the  large  air-bubble  produced  at  the 
top  of  the  phial,  is  true  elaftic  air  ?  The  proof  confifts  in  this,  that  it  expands, 
and  contracts,  in  proportion  to  thecompreffmg  weight,  or  heat  and  cold  ap¬ 
plied  i  which  are  the  true  charadterifticks  of  air. 

76.  It  may  alfo  be  queftioned,  whether  the  air,  thus  produced,  is  really 
feparated  from  the  water  ;  or  does  not  rather  proceed  from  the  fpace  be¬ 
tween  that  and  the  glafs  :  but  the  following  arguments  will  fhew  it  to  pro¬ 
ceed  from  the  water.  And  firft,'  we  muft  obferve,  that  a  very  different 
quantity  of  air  is  thus  produced  from  equal  quantities  of  different  fluids  ; 
thus  quickfilver,  water,  wine,  brandy,  beer,  alcohol,  ropy  wine,  ferment¬ 
ing  wine,  half-fermented  beer,  and  muft,  or  ftum,  afford  fuch  different 
quantities  of  air  in  vacuo ,  as  make  it  plain,  that  this  air  does  not  proceed 
from  the  furface  of  the  containing  glafs,  but  from  the  innermoft  pores  of  the 
liquor.  Add,  that  fome  fluids  afford  little  or  no  air  under  this  treat¬ 
ment  :  thus  oil  of  tartar  -per  deliquium ,  tho*  made  in  the  air,  fcarce  affords 
any  by  thi.s  experiment  j  no  more  does  the  volatile  fpirit  of  fal  ammoniac,  if 
made  extremely  ftrong.  Again,  we  fhall  hereafter  fhew,  that  all  the  air, 
thus  generated,  will  be  reforbed  into  the  water  from  whence  it  was  dif- 
charged  ;  and  that  the  water  afterwards  can  by  no  art  be  made  to  take  in 
more  air :  which  plainly  ftiews,  that  much  the  greateft  part  of  the  air  in 
queftion  proceeds  from  the  water. 

77.  It  remains  only  to  obferve,  that  this  air  has  been  obtained,  by  the 
fame  experiment,  from  water,  vinegar,  diftilled  vinegar,  urine,  fpirit  of  u- 
rine,  oil,  water  and  oil  together,  exprefied  oil,  milk,  blood,  ferum,  eggs, 
the  white  of  egg,  and  from  quickfilver :  but  if  the  fame  experiment  be 
made  upon  water,  that  has  conitantly  been  kept  boiling  for  an  hour,  it  fcarce 
affords  any  air  at  all. 


EXPERIMENT  V. 

Jirre-alforh-  78.  Water  being  well  purged  from  all  the  elaftic  air  it  contains,  then 
edbj  water,  cool’d  to  the  temperature  of  the  atmofphere,  and  expofed  to  the  common  air  ; 

elaftic  air  will  then  fpontaneoufly  and  quickly  enter,  and  feat  itfelf  in  the  pores 
thereof:  and  this  it  will  conftantly  do  to  a  certain  degree.  This  remarkable 
property  between  water  and  the  elaftic  air,  may  be  thus  exhibited  to  the  eye. 
.Let  the  apparatus  be  the  fame  as  in  the  fecond  part  of  the  laft  experiment, 
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whence  the  elaftic  air  was  collected  at  the  top  of  the  phial ;  then  if  that  bub¬ 
ble  of  air  be  comprefled  in  the  condenfer,  yet  the  air  will  not  thereby  be 
mixed  with  the  water  ;  but,  on  the  other  hand,  if  the  whole  apparatus  be 
expofed  to  the  external  air,  the  bubble  will  begin  to  diminifh  ;  and,  at  length, 
will  totally  vanifh,  and  the  whole  cavity  appear  filled  with  water  alone  : 
and  this  conftantly  happens,  fo  as  that,  at  firft,  a  large  part  of  the  collected 
air  foon  enters  into  the  water  ;  whereas,  the  lad  particles  enter  very  flowly. 

Hence,  therefore,  water  will  always  perfectly  re-abforb  the  air  that  was  arti¬ 
ficially  difcharged  from  it. 

79.  It  is  remarkable,  that  if  this  experiment  be  made  with  water,  already  Air  does  not 

faturated  with  its  natural  dofe  of  air,  it  can  receive  no  more  ;  for  if,  in  the  enjer '**3a*er 
fame  apparatus,  the  air  was  not  to  be  extracted,  but  the  air-bubble  to  remain  '  * 

ftt  the  top  of  the  water,  and  the  •  veflels  were  to  remain  thus  for  a  year,  this 
air-bubble  would  not  enter  into  the  water,  but  ftill  remain  on  the  top  ;  and 

this,  tho*  the  glades  were  to  be  fhook  :  indeed,  the  air-bubble  would  be 
thus  divided  into  lefs  bubbles  ;  but,  with  my  utmoft  endeavour,  I  could  ne¬ 
ver  mix  them,  fo  as  to  render  them  invilible  in  the  water  ;  yet  I  have  tried 
to  do  it  by  comprefling,  heating,  cooling,  fhaking,  and  by  reft  :  nor  could  I 
find  it  poflible  to  mix  more  air  with  the  water,  than  what  it  naturally  con¬ 
tains. 

80.  In  profecuting  thefe  experiments,  I  could  not  help  remarking,  how  Air  dijfufes 
fmall  a  part  of  the  furface  of  the  water  was  touched  by  the  air-bubble  it felf  through 
at  the  top  of  the  glafs  ;  and  how  from  fuch  a  fmall  lurface  it  infinuated  itfelf  the  whole  oulk 
thro*  the  whole  large  body  of  water,  from  whence  it  was  before  collected  :  ^  w a  en 
and  as  it  was  thus  again  equally  diftributed  thro*  all  the  pores  of  the  water, 

there  muft  of  courfe  be  fome  attractive  power  in  all  the  points  of  the  water, 
with  refpeCt  to  the  air,  which  thus  enters  it  fpontaneoufly,  and  without  fha¬ 
king  :  and  fo  much  for  the  firft  method  of  feparating  elaftic  air  from  water, 
by  removing  the  incumbent  weight. 

EXPERIMENT  VI. 

81.  It  is  a  curious  experiment  to  feparate  water  by  fire,  and  to  colleCt  and  Air  feparated 

manifeft  it  *,  which  may  be  thus  done.  Take  a  large,  wide  veflel,  A  B,  ca-  , 

pable  of  bearing  the  fire,  and  having  a  flat  bottom  ;  fill  it  with  common  wa-  aU  " 
ter  ♦,  into  this  put  a  funnel,  whofe  wideft  part  may  nearly  fpread  over  the 

whole  bottom  of  the  veflel ;  and  let  its  narrow  part  CD  be  plunged  under 
the  water ;  then  take  a  glafs  phial  E  F,  whofe  ftem  E  is  large  enough  to  re¬ 
ceive  the  end  of  the  funnel  C  D  j  fill  this  phial  to  the  top  with  'water,  and 
doling  the  orifice  with  the  finger,  invert  it  into  the  water  of  the  veflel  A  B, 
without  letting  any  air  come  into  the  phial,  and  thus  invert  the  neck  upon 
the  end  of  the  lhank  of  the  funnel ;  then  place  the  veflel  AB,  with  this  apparatus, 
over  the  fire,  that  they  may  all  grow  gradually  warm  together  ;  and  at  length 
the  water  in  the  veflel  AB  be  .brought  to  boil  brifkly :  by  which  means,  the  wa¬ 
ter  under  the  funnel  will  determine  the  air  of  the  boiling  water,  now  rifing  in 
bubbles,  to  pafs  thro’  the  funnel  into  the  neck  of  the  phial,  and  thence  into 
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the  belly  thereof,  where  it  will  be  collected  together  at  the  top  F  ;  when," 
after  a  time,  a  certain,  quantity  of  true  elaftic  air  will  be  found  feparated  from 
the  water ;  nor  can  more  than  a  certain  quantity  be  thus  collected,  tho*  the 
boiling  were  ever  fo  long  continued.  It  is  here  remarkable,  that  after  the 
water  has  difcharged  all  its  air  in  bubbles,  at  the  top  F,  yet  in  the  farther 
boiling,  other  large  bubbles  fuddenly  arife  with  great  impetuofity,  fo  as  to 
fhake  the  glafles,  when  they  difcharge,  and  yet  produce  no  air  upon  breaking. 
Thefe  bubbles,  therefore,  do  not  arife  from  air,  but  from  fire  a&ing  within 
the  water,  and  therefore  thefe  always  continue  how  long  foeverthe  water  be 
kept  boiling  ;  whereas  the  air-bubbles  foon  ceafe  to  rife.  Thefe  two  forts  of 
bubbles  differ  in  their  fize  and  manner  of  breaking  •,  the  fire-bubbles  being 
large,  and  breaking  with  a  crack  ;  but  the  air-bubbles  fmall,  and  burfting 
gently.  If,  in  this  date,  whilft  the  air  remains  collected  at  F,  the  whole  ap¬ 
paratus  be  left  in  the  -  cold,  the  air  will  return  back  into  its  water.  I  once 
boiled  rain-water,  in  the  ftrongeft  manner,  for  two  hours,  then  placed  it 
hot  under  the  receiver,  with  the  apparatus  of  the  preceding  fourth  experi¬ 
ment  ;  when  extracting  the  air  as  carefully  as  poffible,  no  air  was  at  firft  found 
at  the  top  of  the  phial  C  ;  but  after  having  kept  this  water  in  vacuo  for  fome 
days,  a  confiderable  quantity  of  air  was  produced  whence,  I  ha ve  fome 
doubt,  whether  water  be  tranfmutable  into  air,  upon  being  detained  fo  long 
in  vacuo  ;  or,  whether  air  may  fo  clofely  adhere  to  water  as  not  to  be  dif¬ 
charged  by  boiling,  tho*  it  may  be  thence  flowly  feparated  by  time,  in  vacuo . 

EXPERIMENT  VII. 

dir  feparated  ®2-  Put  rain-water  into  a  conical  glafs  that  widens  upwards;  expofe  it  to 
from  water  a  hard  froft,  and  the  parts  of  the  water  will  be  contracted  by  the  co  'd,  tho’  no 
by  freezing,  force  of  weights  was  before  able  to  comprefs  it ;  but  whilft  the  frozen  parts 
are  brought  clofer  together,  and  of  courfe  the  fpaces  between  them  dimi- 
nifhed,  the  particles  of  air,  lodged  therein,  are  fqueezed  from  their  places, 
and  united  together  ;  whereupon  they  feem  to  acquire  an  elafticity,  which 
they  did  not  appear  to  have  when  fingle.  Thus,  therefore,  thefe  air-bubbles 
begin  to  manifeft  themfelves,  grow  large  and  more  numerous;  and,  at  length, 
becoming  very  great,  they  rife  upwards;  when  being  refilled  by  the  ice,  they 
move  thro’  it  by  their  elafticity,  fwell  the  ice  every  way,  and  burft  the  con¬ 
taining  veffel ;  and  the  harder  or  longer  it  freezes,  the  larger,  more  nume¬ 
rous,  and  more  forcible  thefe  elaftic  air-bubbles  become :  whence  ice  appears 
to  enlarge  its  dimenfions  by  cold,  tho’  in  reality  it  leffens  them  ;  only,  the 
air-bubbles,  thus  produced,  poffeffmg  large  fpaces  in  the  ice,  thus  in- 
creafe  the  bulk  of  the  whole  ;  whence  if  the  froft  be  fharp  and  long  conti¬ 
nued,  all  the  air,  that  was  difperfed  thro’  the  water,  is  feparated  from  the 
pores  of  the  ice,  and  collected  into  bubbles  :  which  Jfhews  us  another  way  of' 
feparating  air  from,  water,. 


£XPE: 


The  Theory  of  Chemistry.  427 


EXPERIMENT  VIII. 

83.  As  oil  of  tartar  per  deliquiutn  is  made  by  fait  of  tartar  attra&ing  &r  feparatei 
the  water  diffufed  in  the  air,  and  eafily  turns  to  froth  *,  this  ponderous  frm )?v?.ter 
liquor  has  been  fuppofed  to  be  full  of  elaftic  air  :  but  I  have  found,  by  all  :V  a  :'cu’" 
kinds  of  experiments,  that  it  manifefts  no  figns  of  air  in  the  exhaufted  re¬ 
ceiver,  by  boiling  over  the  fire,  or  by  freezing ;  whence  we  conclude,  that 
fixed  alkaline  fait,  upon  its  infinuating  into  water,  difcharges  the  particles  of 
sir,  poflefles  their  places,  and  thus  conftitutes  the  heavieft  fluid,  next  to 
quickfilver  ;  unlefs  we  fhould  rather  fay,  that  it  fixes  the  air  without  ex¬ 
pelling  it. 


EXPERIMENT  IX. 

84.  I  dire&ly  put  the  warm,  morning  urine  of  a  healthy  perfon  under  the  Air  from  the 
receiver  of  the  air-pump,  and  immediately  extracted  the  air,  as  much  as  waim  fluids 
poflible,  without  perceiving  any  figns  of  air-bubbles  for  a  long  while,  tho*  °fanmals- 
the  urine  was  ninety  degrees  hot,  and  the  air  pumped  out  to  twenty-fix  in¬ 
ches  ;  but  working  the  gage  to  twenty-feven  inches,  bubbles  began  to  ap¬ 
pear  ;  and  proceeding  ftill  farther,  this  urine  on  a  fudden  began  to  boil  in 

the  vacuum ,  more  violently  than  it  does  over  a  ftrong  fire.  It  is  hard  to  fay 
from  whence  this  fudden  and  violent  motion  of  the  urine  fhould  proceed ; 
whether  it  be  from  the  air,  or  from  the  fire,  contained  therein,  or  from  both. 

I  made  many  fimilar  experiments  upon  different  animal  fluids,  and  ftrong  brines 
of  fea-falt,  nitre,  fal-ammoniac,  the  volatile  fait  of  fal-ammoniac  and  quick- 
filver,  which  might  be  worth  repeating,  but  are  tedious  to  relate. 

COROLLARY  I. 

85.  It  follows  from  our  experiments,  that  tho*  the  particles  of  elaftic  air 
adhere  together  with  fome  degree  of  tenacity,  yet  it  can  refolve  itfelf  into 
its  minuteft  particles,  and  fpontaneoufly  infinuate  into  the  pores  of  liquids, 
exhaufted  of  their  air  j  and  this  equally  thro*  their  whole  mafs:  confequently, 
the  air  is  attracted  into  thefe  liquors,  and  into  thefe  pores. 

COROLLARY  II. 

86.  The  air,  thus  attra&ed  into  the  pores  of  liquors,  is  in  the  a<5tion 
diffolved  into  its  minuteft  particles  ;  as  being  diftributed  thro*  their  whole 
mafles. 

COROLLARY  III. 

87.  But  the  quantity  of  air,  thus  abforbed  by  liquors,  and  diffufed  thro* 
them,  is  very  (mall,  and  takes  up  very  little  fpace  therein. 
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COROLLARY  IV. 

8g.  Thefe  liquors,  of  what  fort  foever,  when  once  faturated  with  this* 
fmall  quantify  of  air  abforbed,  can  by  no  means  be  made  to  receive  any 
more  ;  and  if  attempted  by  motion,  compreflion,  &V.  they  reject,  and  repel 
it  in  the  form  of  froth,  or  bubbles. 

COROLLARY  V. 

90.  Liquors,  and  efpecially  of  the  aqueous  kind,  when  once  faturated 
with  any  fort  of  fait,  will  not  afterwards  abforb  air. 

COROLLARY  VI. 

91.  A  Angle  particle  of  air,  thus  lodged  in  a  pore  between  the  particles - 
of  a  liquor,  does  not  feem  to  be  air,  as  we  commonly  know  it  by  its  phyAcal 
marks,  as  not  appearing  to  be  elaftic  in  this  ftate ;  at  lead  there  is  no  experi¬ 
ment  to  prove  it.  Again,  ruch  a  Angle  particle  is  not  eafily  dilatable  by  heat; 
a  conAderable  degree  whereof  is  required  to  remove  it  from  its  place:  hence,, 
therefore,  as  a  Angle  magnet  has  no  magnetical  effeCts,  unlefs  another  be  near 
it,  and  cannot  in  this  refpeCt  be  called  a  magnet ;  fo  a  particle  of  air,  exist¬ 
ing  by  itfelf,  cannot  in  this  refped  be  called  air:  they  alio  agree  in  this,  that 
they  both  aCfc  only  within  their  refpe<5tive  fpheres  of  attraction. 

COROLLARY  VII. 

92.  But  when,  by  any  caufe,  two  fuch  Angle  particles  of  air  are  diflodged 
from  their  pores  in  water,  and  come  fo  clofe  as  to  touch,  they  feem  mutually 
to  repel  each  other,  and  thus  form  a  fmall  bubble. 

COROLLARY  VIH. 

And  as  this  fmalleit  of  bubbles,  conAiting  only  of  two  particles,  poffefies 
all  the  above-mentioned  properties  of  daftic  air ;  whiift  this  bubble  rites 
from  the  bottom  to  the  top  of  the  liquor,  it  paffes  thro*  the  pores  thereof, 
where  meeting  with  Amilar  Angle  particles  of  air,  it  increafes  into  a  larger 
bubble,  and  is  the  lefs  prcffed  the  higher  it  afcends.  , 

COROLLARY  IX. 

93.  Hence  alfo,  falts  appear  to  attradl  this  daitic  air,  lefs  than  liquors, 
efpecially  of  the  aqueous  kind. 

COROLLARY  X. 

94.  Hence,  in  all  the  known  liquors,  there  fe  ms  to  be  only  one  de¬ 
termined  proportion  of  air  contained  ;  and  this  always  a  very  fmall  one,  tho* 
very  different  in  different  fluids. 
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COROLLARY  XI. 

95.  Hence  it  may  be  quefti  med  whether  the  air,  which  produces  the 
effedt  of  fermentation  in  vegetable  liquors,  be  only  that  which  lodges  fepa- 
rately  in  their  fmalleft  pores  ;  or,  whether  this  be  not  rather  aflifted  by  that 
truly  elaftic  air  contained  in  the  air-veflels  of  vegetables  j  or  again,  by  the 
external  air,  ufually  intermixed  with  fermenting  fubjedbs. 

COROLLARY  XII. 

9 6.  The  elaftic  air  contained  in  the  juices  of  animals,  and  here  divided  into 
its  minuteft  particles,  does  not  feem  to  be  the  caufe  of  putrefatftion  ;  as  ani¬ 
mal  fubjedts  fcarce  putrefy  without  the  admiflion  of  the  external  air,  and  in 
the  open  air  putrefy  quickly. 

EXPERIME  N  T  X, 

97.  The  elaftic,  elementary  air,  which*  when  divided  into  its  minuteft  How  much 
particles,-  is  thus  difperfed  thro*  the  body  of  water,  is  there  fo  fmall  in  bulk,  air  in 

as  to  efcape  the  fenfes  ;  but  when  feparated  from  the  water  and  coiiedted  to¬ 
gether,  it  takes  up  more  fpace  than  all  the  water  from  whence  it  was  dif- 
charged  :  this  appears  to  the  eye  by  the  following  experiment.  Let  there  See  plate 
be  a  parallelopiped  veftel  A  B,  of  copper,  with  a  little  cavity  C,  made  in^-  4- 
its  bottom,  capable  of  holding  a  drop  or  two  of  water  ;  let  there  be  alfo 
2  fmall  conical  glafs  D,  open  at  the  bottom,  fi'.l  the  veftel  AB,  with  pure 
exprefled  oil,  fo  that  the  eredt  conical  glafs  D,  pl  .ced  at  the  bottom  of  the 
veftel  A  B,  may  be  covered  therewith  ;  then  lay  this  conical  glafs,  horizon¬ 
tally  on  its  fide,  as  in  F  *  fo  as  that  no  air  may  remain  in  it,  but  its  whole 
cavity  be  perfedtly  filled  with  oil  •,  now  place  the  whole  apparatus  over  the 
fire,  that  the  oil  in  the  veftel  and  in  the  conical  glafs  may  boil,  till  the  oil 
ceafes  to  crackle  ;  whereby  all  the  air  and  water,  if  there  was  any,  will  be 
difcharged  from  the  oil.  After  this,  let  all  cool:  then  by  means  of  a  fmall 
glafs- pipe,  let  a  finph  drop  of  water  be  introduced  thro*  the  oil,  into  the  little 
cavity  C,  which  w  ter  will  remain  there,  under  the  oil,  by  its  own  weight  ; 
then  let  the  little  glafs  D,  remaining  continually  under  the  oil,  to  prevent 
any  air  from  entering,  be  placed  eredt  over  the  little  cavity  C,  fo  as  to  cover 
the  drop  of  water  central  y  *  in  which  cafe,  the  little  glafs  will  be  full  of 
oil.  without  the  leaft  admixture  of  air  or  water.  Now  place  the  veftel  with 
us  who.e  apparatus  over  a  furnace,  fo  as  that  the  flame  of  a  lighted  candle 
may  commodiouily  be  applied  under  the  cavity,  where  the  drop  of  water  is 
lodged*  and  this  fo  flowly  and  carefully,  as  that  the  drop  of  water  may 
grow  hot  by  degrees:  this  drop  of  water,  now  coming  to  boil,  will  caufe 
a  eonfideiabie  noife  under*  the  oil,  and  the  little  glafs;  and  difchargirg  its 
air  towards  the  top  of  the  little  glafs,  ’twill  there  poftefi  a  confiderable  fpace 
fo  long  as  the  heat  continues,  and  proportionably  force  out  the  oil  from 
the  conical  glafs.  The  motion  will  here  lomcthnes  be  fo  itrong,  whilft  the 
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drop  of  water  is  boiling,  as  to  raife  up  the  glafs.  When  by  this  means,  all 
the  air  is  difcharged  from  the  drop  of  water.  Jet  all  cool ;  then  the  air  in 
the  little  glafs,  being  cooled,  wiil  be  prefled  into  a  bubble  at  the  top,  and 
appear  greater  than  the  drop  of  water  from  whence  it  was  difcharged. 
Laftly,  let  the  whole  apparatus  be  placed  upon  the  air-pump,  and  the  air  be 
extracted  -,  when  the  air-bubble  at  the  top  of  the  little  glafs  will  expand 
itfelf,  and  proportionably  repel  the-  oil,  and  manireft  its  elaflicity,  upon 
taking  off  the  preffure  of  the  atmofphere ;  as  it  did  before,  upon  increasing 
the  heat  :  but  when  the  external  air  is  admitted  into  the  receiver,  the 
bubble  returns  to  its  former  fize :  whence,  there  is  no  doubt  to  be  made, 
that  the  air  here  generated  is  true  elaftic  air. 

98.  Hence,  we  learn,  that  the  air  which  is  difperfed  in  water,  is  not 
there  fuch  a  fluid  body  as  it  makes  after  being  feparated  from  the  water  then 
celleded,  and  its  elaftic  parts  united  into  one  bubble  ;  and  that  air,  con¬ 
cealed  in  liquors,  has  not  the  fame  phyfical  properties,  as  when  united  out 
of  liquors  ;  and  confequently,  cannot  produce  the  fame  effeds  in  both  cafes : 
it  is,  therefore,  unfatisfadory  reafoning,  that  becaufe  air  may  be  produced 
from  liquors,  therefore  it  muft  ad  as-  air  in  thofe  liquors :  and  in  this 
refped  moft  authors  have  been  miftaken,  even  the  acuteft ;  for  inftance, 
Borelli ,  in  his  treatife  De  motu  animalium  ;  where  he  mentions  the  vital  ofcil- 
lation  of  elaftic  air  in  the  blood :  which  may  caution  us  not  to  reafon,  fo 
as  to  be  contradided  by  experiments. 

99.  We  farther  learn  from  our  experiment,  that  the  elaftic  particles 
of  air,  whilft  they  exift  feparate,  poffefs  lefs  fpace  than  when  they  are 
united  ;  whence,  the  power  of  expanding  themfelves  arifes  from  their  coming 
together  and  therefore,  poflibly  they  may  repel  each  other,  when  they  are 
clofeft:  this  was  Sir  Ifaac  Newton’s  opinion  ;  and  the  progrefs  daily  made  in 
experimental  philofophy,  renders  it  more  and  more  probable. 

100.  We  learn  from  the  preceding  dodrine  of  the  nature  of  air,  that, 
when  refolved  into  its  primary  Angle  particles,  it  may  pafs  thro*  very  fmall 
pores  for,  water  containing  its  own  proportion  of  fuch  divided  air,  they 
both  naturally  pafs  together  -,  as  we  fee  by  experiments,  made  upon  animal, 
vegetable  and  mineral  fubftances  j  Ance  the  water,  obtained  from  them,  al¬ 
ways  affords  elaftic  air  ;  whence,  fuch  air  cannot  be  excluded  from  thofe 
places,  where  the  liquors  that  carry  it  can  enter  and  therefore,  in  this 
refped,  elaftic  air  muft  have  a  large  fpread. 

101.  But  air  in  its  entire  body  will  not  pafs  thro*  thofe  pores  which  it 
eafily  enters  when  mixed  with  liquors  ;  nor  can  the  leaft  air-bubble  pafs 
where  liquor  and  air  together  may  gain  entrance  -,  even  the  primary  particles 
of  air  can  fcarce  any  way  pafs  thro’  liquors  already  faturated-  with  air  ;  tho* 
they  do  it  eafily  where  the  liquors  have  been  deprived  of  air :  whence,  per¬ 
haps,  we  may  fafely  conclude,  that  in  general,  the  air  mixed  with  liquors, 
does  not  ad  in  them  by  any  power  ufually  attributed  to  common  air  :  but 
when,  by  the  caufes  above-enumerated,  it  begins  to  be  feparated  from  the 
liquors  wherein  it  was  contained,  it  then  puts  on  the  nature  of  true  air,  and 
all  its  properties.  Air,  therefore,  is  naturally  prefent  in  chyle,  milk,  blood, 
ferum,  faliva,  bile,  the  pancreatic  juice,  urine,  &c.  but  fo  difperfed,  as  not 


to 


The  Theory  ^/"Chemistry. 


43i 


to  a (ft  as  air :  and  fince  we  have  feen,  by  the  above  experiments,  that  air  con¬ 
cealed  in  liquors  cannot  be  difcharged  from  them  by  a  heat  of  ninety-two 
degrees,  which  is  the  higheft  that  healthy  blood  will  bear;  hence,  it  follows, 
that  the  air  intermixed  with  the  animal  fluids,  cannot  naturally  feparate  in  a 
healthy  body,  or  colletft  into  air-bubbles,  or  have  the  effecfts  of  true  air:  but 
if  this  at  any  time  happens,  it  muft  prove  inftantly  fatal,  as  is  known  from 
the  hiftory  of  anatomical  injections  ;  where  the  experiment  has  been  frequently 
repeated,  and  always  with  the  fame  event.  Thus,  Ruyfch  found  hir  had 
inflated  the  heart  of  a  man  he  differed  ;  and  Hippocrates  mentions  wind 
in  the  blood-veffels  as  mortal  (k). 

102.  We  now  proceed  to  a  few  other  experiments,  whereby  elaftic  air  is  dir  from 
extricated  from  bodies  wherein  it  before  lay  concealed  ;  and  for  this  pur-  *n<* 

pofe  I  had  an  air-pump  fo  contrived,  that  I  could  eafily  mix  bodies  in  >a  * 
vacuo  *,  which  vacuum  was  fo  perfecft,  that  the  mercury  in  the  gage  flood 
at  28  inches  and  4.  In  a  veflel,  placed  under  this  receiver,  I  put  a  dram 
and  half  of  whole  crabs-eyes  ;  and  pouring  an  ounce  and  half  of  warm 
diftiiled  vinegar  upon  them  in  vacuo ,  a  violent  ebullition  prefently  arofe  in 
the  glafs,  occafioning  the  mercury  in  the  gage  to  defcend  twelve  inches  in 
half  an  hour’s  time :  the  receiver,  here  employed,  contained  feven  pints  of 
water  ;  and  the  natural  heat  at  this  time  was  fifty- two  degrees  by  the  thermo¬ 
meter  ;  whence  the  denfity  of  the  air  produced  in  the  receiver,  was  to  that 
of  the  atmofphere,  nearly  as  24  to  57. 

103.  ’Tis  remarkable,  in  this  experiment,  (1.)  that  the  ebullition  is  much 
flronger  in  vacuo  than  in  the  open  air ;  which,  therefore,  is  not  here  neceftary 
to  prefs  the  vinegar  into  the  crabs-eyes.  (2.)  That  fo  much  elaftic  air  is  here 
generated,  as  to  poflefs  the  fpace  of  eighty  cubic  inches,  and  by  its  elafti- 
city  refill  the  prefTure  of  the  whole  atmofphere.  (%.)  That  this  quantity  of 
air  may  lie  concealed  in  tliefe  bodies,  fo  as  to  give  no  figns  of  itfelf,  till 
the  ebullition  fets  it  free.  (4.)  JTis  hence  probable,  that  the  elaftic  air 
here  generated,  does  not  weigh  like  common  air  full  of  vapours.  (5.)  Hence, 

It  appears,  what  would  be  the  confequence  if  an  abforbent,  like  crabs-eyes, 
an  acid,  like  diftiiled  vinegar,  and  a  vacuum  were  to  be  found  in  the  veflels 
of  the  human  body  :  we  may  juftly  fufpedt  that  no  fuch  ebullition  can  hap¬ 
pen  in  the  body  ;  as  fo  much  air  would  be  thence  produced,  a  little  whereof, 
being  admitted  into  the  veins,  is  mortal. 

104.  I  put  a  dram  of  chalk  to  two  ounces  of  diftiiled  vinegar  in  vacuo ,  From  chalk.. 
and  found  a  much  more  violent  efFervefcence  arife  than  in  the  open  air ;  the 
mercury  in  the  gage  fell  from  28  ~  to  6. 

105.  Upon  putting  oil  of  tartar  per  deliquium  to  diftiiled  vinegar  in  vacuo.  From  oil  of 
there  arifes  a  very  violent  and  fudden  ebullition  ;  and  only  a  moderate  one  tartar  anci 
at  firft,  when  this  is  done  in  the  open  air :  a  very  large  quantity  of  air  is  vinCt>ar° 
fuddenly  produced  in  the  former  cafe  ;  and  yet  *tis  remarkable,  that  no  air 

can  be  found  in  oil  of  tartar,  and  that  a  very  little  fixed  alkali  faturates 
vinegar.  Now,  as  thefe  effervefcences  are  hindered  rather  than  promoted 
by  the  open  air,  they  muft  neceftarily  proceed  front  fome  power  in  the  bodies 
themfelves. 

1 06. 
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The  Theory  ofC  hem  is  try. 

106.  The  following  experiment  fhould  be  made  with  caution,  viz.  the 
mixing  of  ftrong  oil  of  vitriol  with  ftrong  oil  of  tartar  in  vacuo.  M.  Horn - 
berg  has  fhewn,  that  eight  parts  of  fait  of  tartar  may  be  faturated  with  five 
of  oil  of  vitriol  •,  which  proportion  we  therefore  make  choice  of :  and  know¬ 
ing,  that  a  violent  ebullition  arifes  upon  mixing  thefe  two  liquors  in 
the  open  air,  I,  firft,  endeavour  to  free  them  from  the  air  they  may  con¬ 
tain,  to  lefien  as  much  as  pofiible  their  expanfion  in  vacuo  *,  and  afterwards 
ufe  vefiels  capable  of  containing  twenty  times  the  quantity  I  employ.  Then 
fetting  the  vefiel,  wherein  the  mixture  is  to  be  made,  in  a  glafs  difh,  and 
the  veiieis  of  oil  of  vitriol  and  oil  of  tartar  with  it,  upon  the  air-pump,  I 
cover  them  all  with  a  receiver ;  then  exhauft  the  air  as  much  as  pofiible  ^ 
during  the  working  of  the  pump,  not  the  kail  air-bubble  arifes  from  the  oil 
of  tartar,  but  a  great  many  from  the  oil  of  vitriol  ;  then  leaving  them  in 
vacuo  for  fifteen  hours,  I  afterwards  mix  the  oil  of  vitriol  and  oil  of  tartar 
'  together  $  when  a  moll  violent  efFervefcence  inftantly  arifes,  fo  as  to  fcatter 
particles  of  the  liquor  with  great  force  all  about  the  receiver.  In  the  mean 
time,  the  mixture  fwells  to  twelve  times  its  bulk.  I  took  only  four  drams 
of  oil  of  tartar,  and  a  dram  and  half  of  oil  of  vitriol ;  and  tho*  the  oil  of 
vitriol  feemed  perfeftly  purged  of  air,  and  the  oil  of  tartar  feems  to  contain 
none  •,  yet  the  air,  produced  by  this  efFervefcence,  funk  the  gage  from  twenty- 
nine  inches  to  twelve  and  a  half :  whence,  it  clearly  appears  that  all  the 
elaftic  air  lodged  in  fluids,  cannot  be  extrafted  from  them  by  the  air-pump  ; 
but  that  the  largeft  part  thereof  adheres  fo  tenaceoufiy,  as  not  to  be  fet 
free  without  this  efFervefcence  •,  fo  that  the  air-pump  has  but  a  very  limited 
power  in  this  refpeft :  and  any  one  would  be  deceived,  who  fhould  ex¬ 
pert,  that  all  the  air  may  be  extracted  from  liquors  by  their  remaining  for 
twenty-four  hours  in  vacuo. 

107.  It  fhould  feem*  from  the  preceding  experiments,  that  the  effer- 
vefcences,  which  thus  happen  between  acids  and  alkalis,  owe  their  origin 
to  the  ftrong  reciprocal  attraction  of  the  falts ;  whereby  they  at  a  certain 
diftance  violently  rufh  into  one  another,  and  in  the  fhock  expel  the  particles 
which  lay  between  them  or  hinder’d  their  coming  together,  and  intimately 
uniting.  From  this  violent  diflcdgment  of  thefe  aerial  particles,  made  in  the 
aft  of  union,  the  elaftic  air,  here  interpofing,  muft  be  expelled,  and  unit¬ 
ing  with  others  of  the  fame  nature,  form  bubbles  and  explofions  ;  fo  that  ' 
all  the  ftruggle,  which  happens  in  efFervefcence,  is  not  owing  to  any  re¬ 
pugnancy  between  the  falts,  but  rather  to  their  mutual  attraftion  and  coming 
together.  Hence,  all  confiift  totally  ceafes  as  foon  as  this  union  is  corn- 
pleated  ;  but  the  efFervefcence  is  not  over  fo  long  as  any  particles  of  thefe 
ililts  remain  feparate:  hence,  we  fee  that  even  the  water  itfelf,  wherein  the 
acid  and  alkaline  falts  were  held  difiolved,  is  ftruck  out,  and  feparated  from 
them  ;  for  both  the  oil  of  tartar,  and  oil  of  vitriol,  being  liquid  before  they  are 
mixed,  yet  after  they  unite  by  a  ftrong  efFervefcence,  they  produce  a  white, 
folid  fait  in  the  midft  of  the  difplaced  water  ;  whilft  only  an  aqueous  part 
floats  above  it,  weakly  impregnated  with  feme  of  the  difiolved  fait. 

108.  It  muft  indeed  be  owned,  that  the  falts  produced  from  an  acid  and 
fin  alkali,  united  by  efFervefcence>  ftill  contain  a  wonderfully  elaftic  air  5  as 
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appears  from  experiments  ;  for,  if  fea-falV,  nitre,  or  tartarus  vitriolatus,  re¬ 
generated  from  their  own  acid,  and  fait  of  tartar,  be  mixed  with  bole,  and 
diftilled  in  an  open  tire,  they  plentifully  difeharge  elaflic  air  ;  and  this  fo 
forcibly,  as  to  break  very  capacious,  and  very  ftrong  veffels:  which  calls  to 
.mind  the  gas  fylvejlre  of  Uelmont ,  and  makes  one  doubt,  whether,  what 
is  thus  generated,  and  difploded,  be  true,  elaflic  air.  ;  or  whether,  when 
bodies  are  in  a  certain  manner  refolved  into  their  minuted  particles,  they 
do  not  lofe  their  former  nature,  and  change  into  elaflic  air-,  which  concret¬ 
ing  with  other  particles,  conflitutes  them  new  folid  bodies  or  laftly,  whether 
there  be  not  in  nature,  fomething  like  common  elaflic  air,  without  being  air. 

109.  Bat  to  go  on  with  our  experiments:  put  a  glafs  of  the  flrongefl 
fpirit  of  nitre,  with  the  fame  cautions,  into  the  receiver,  and  exhauft  the  air 
as  much  as  poflible;  the  fpirit  of  nitre  will  fcarce  afford  any  bubbles  all  the 
time  ;  tho*  the  flronger  acid  fpirit,  or  oil,  of  vitriol  in  the  foregoing  experi¬ 
ment,  afforded  fo  much.  Into  this  fpirit  of  nitre  in  vacuo,  put  a  grain  or 
two  of  iron-filings  ;  a  violent  ebullition  will  immediatly  a  rile,  and  .a 
grofs,  red  fume  diffufe  itfelf  all  over  the  receiver,  with  an  explofon,  fo  vio¬ 
lent,  as  to  endanger  burfling  the  glaffes :  but  it  is  here  remarkable,  that 
tho*  elaffic  air  be  thus  generated,  yet  it  is  not  in  fuch  quantity,  or  capable 
of  finking  the  quickfilver  in  the  gage,  fo  low  as  might  be  expected  from 
fuch  a  violent  ebullition  and  fulmination,  attended  with  grofs,  red  fumes  ; 
all  which  immediately  ceafe  upon  letting  in  the  external  air,  whereby  the 
liquor  fhrinks  into  very  fmall  dimenfions ;  whence,  we  fee  that  great  and 
violent  explofions  of  bodies  may  arife,  without  a  proportionable  concurrence 
or  production  of  elaffic  air. 

no.  It  may  here  be  proper  to  relate  an  experiment,  that  is  not  rafhly  to 
be  repeated,  but  Hands  defcribed.in  the  Phi lo fophical  Tran faciions  (/):  A  glafs 
receiver,  fix  inches  wide  and  eight  inches  deep,  being  applied  to  the  air- 
pump,  and  the  air  being  drawn  out  as  far  as  poffible,  after  half  a  dram  of 
fpirit  of  nitre,  contained  in  one  glafs,  and  a  dram  of  the  diftilled  oil  of 
caraway-feed,  contained  in  another,  were  put  under  it  •,  then  thefe  two  li¬ 
quors  were  mixed  in  vacuo ,  and  in  an  inflant,  the  glafs- receiver  was  forced 
upwards  into  the  air,  and  the  mixture  took  fire.  Whence  it  appears,  that 
much  air  was  here  generated  from  a  dram  and  half  of  the  liquors  *,  and  by  ex¬ 
panding  itfelf  with  a  great  force,  raifed  up  468  pound  weight;  and  might 
perhaps  have  raifed  more,  as  it  threw  off  the  receiver  with  great  violence  : 

>  yet  the  air  of  both  thefe  liquors  was  before  extracted  by  the  air-pump  ;  and 
this  force,  or  elaflic  air,  was  generated  in  an  inflant ;  whilil  at  the  fame 
time,  the  whole  receiver  was  full  of  flame:  whence,the  air  was  the  more 
expanded  by  the  fire,  and  acquired  the  greater  force ;  fo  as  to  act  both  by  its 
•elaflicity,  and  its  expanfion  by  heat.  Hence  it  is  not  eafy  to  eflimate  the  de¬ 
gree  of  this  force,  unlefs  perhaps  by  ufing  a  receiver  flill  larger  and  larger, 
till  at  length  the  exploding  matter  could  not  raife  the  receiver  ;  which,  for 
this  purpofe,  might  be  kept  from  breaking,  by  a  pulley  and  weight. 

hi.  The  lafi  method  of  producing  elaflic  air  is  by  means  of  heat  or  fire, 
as  in  fermentation,  putrefaction,  diflillation,  or  calcination  ;  but  here  the 
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fubjecft  would  prove  too  copious  :  vegetable  juices  dilate  confiderably  in  fer¬ 
mentation  •,  Mr.  Boyle  has  {hewn,  that  bodies  produce  mu'ch  air  in  putre¬ 
faction  •,  Helmont  has  remarked,  that  crude  tartar,  in  diftillation,  will  burft 
very  large  and  ftrong  vefiels,  if  clofely  luted  ;  fo,  in  the  diftillation  of  ani¬ 
mal  fubftances,  the  retort  and  the  receiver  are  extremely  apt  to  burft  ;  and 
in  the  diftillation  of  nitre,  fait,  vitriol,  alum,  &V.  violent,  elaftic  vapours 
arife.  Indeed,  nearly  all  forts  of  bodies,  treated  by  fire,  {hew,  that  elaftic 
air  makes  a  confiderable  part  in  their  compofition  ;  at  leaft,  that  all  known 
bodies  do,  by  the  force  of  fire,  feparate  a  fluid,  elaftic,  compreflible  mat¬ 
ter,  that  contracts  with  cold  and  expands  with  heat,  which  are  the  pro¬ 
perties  of  elaftic  air  ;.  tho*  this  matter,  when  confined  and  bound  down, 
in  bodies,  does  not  produce  the  effects  of  air;  but  when  once  let  loofe,  it 
has  all  the  effeCts  of  air,  and  may  again  enter  as  an  ingredient  in  the  com¬ 
pofition  of  other  bodies.  Chemiftry  clearly  {hews  this  manner  of  refolution 
and  combination  :  and  no  examples  hereof  need  at  prefent  be  produced,  after 
what  Dr.  Hales  hath  written  upon  the  fubjeCt  in  his  vegetable  ftatics.  And 
here  I  lhould  end  my  hiftory  of  air,  wherein  I  have  laboured  to  fhew  how 
-neceflary.  a  knowledge  of  natural  philofophy  is  to  a  chemift ;  and  indeed* 
all  thofe  arts,  whereby  natural  philofophy  may  be  improved  ;  as  without 
thefe,  a  chemift  will  every  where  fall  into  errors  himfelf,  and  impofe  upon 
others,  by  afligning  fade  caufes  for  true  ones.. 

Corollaries  1 1 2<  From  this  inquiry  we  learn,  that  all  the  fubjeCts  of  chemical  ope- 
r voifb  regard  rations,  and  the  operations  themfelves,  are  expofed  to  this  air  we  have 
to .cbimijlry.  been  confidering  ;  and,  confequently,  that  they  are  liable  to  the  accidents 
thereof;  whence,  in  all  the  effects  produced,,  a  chemift  {hould  carefully  at¬ 
tend,  how  far  the  air  may  contribute  to  them:  and  in  this  view,  it  may  be 
proper  to  repeat  all  the  concurring  effeCts  of  the  air  in  chemiftry.  i.  There¬ 
fore,  it  fur  rounds,  touches,  reftrains,  and  comprefles  all  chemical  fubjeCts, 
both  foiid  and  fluid  .;  infinuates  into  their  pores,  and  there  aCts  according 
to  its  nature.  2.  Being  determined  to  thefe  fubjeCts  by  its  gravity,  and  be¬ 
ing  divifible.by  its  fluidity,  and  thus  in.fi  nuating  itfelf  into  their  pores,  and 
there  meeting  with  particles  whereto  it  is  particularly  at  traded,  it  unites 
with  them,  lofes  its.  fluidity  and  elafticity,  and  remains  united  with  them, 
till  fet  free  again  by  effervefcence,  fermentation,  putrefaction* or  heat ;  at  the 
fame  time,  by  means,  of  other  particles  it  contains,  producing  many  other 
effects.  3.  It  mixes  bodies  among  one.  another  by  its  weight,  and  the  con- 
ftant  velocity  of  its  .motion;  thus  producing  very  particular  and  extra-* 
ordinary  effeCts;  as  was  well  known  to  the  ancient  adepts,  and  particularly 
to  Helmont  (*».),  who  has  made  great  ufe  thereof:  and  the.  like  effeCts  would 
be  in  vain  expedited  in  a  higher,  a  lighter,  or  lefs  degree  of- air;  as  we  fee 
in  the  mixing  of  oil  of  turpentine  with  fait  of  tartar,  which  does  not  fucceed 
high  up  in  the  air,  4.  Hence,  the  aCtion  of  one  body  is  applied,  and  deter¬ 
mined  upon  another  ;  for,  all  things,  heavier  than  air,  are  prefled  upon 
by  it,  moved  with  its  motions,  and  mixed  together  ;  fo  that,  if  any  par¬ 
ticles  among. them  receive  a  particular  property  by  coming  in  contaCt  with 
air,,  fuch  property  will  be  thus  excited  and  made  manifeft.  Hence,  many 

folvents 

[m)  i e$JUlmont3  p.  151.  §.45.  p  334.  §•  Bp  &.c; 
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folvents  will  fcarce  ad  at  all  in  vacuo ,  but  freely  in  the  open  air ;  as  fpirit 
of  fal-ammoniac  upon  copper  •,  and  vinegar  upon  iron  and  copper  -,  but  a 
moft  remarkable  inftance  to  this  purpofe  is  afforded  by  Papin’ s  digeftor  ; 
where  the  air  and  water  being  forcibly  preffed  and  determined  to  act  upon 
the  fubjeds  by  heat,  prefently  foften  bone,  &c.  5.  The  air,  as  a  whole,  gives 
a  kind  of  perpetual  motion  to  bodies,  as  by  the  lead  change  of  heat  it  im¬ 
mediately  contracts  or  expands  ;  and  as  thefe  changes  are  perpetual,  there 
is  a  conftant  vibratory  motion  in  the  air :  the  like  happens  alfo  upon  the 
conftant  variation  of  its  weight as  appears  by  the  diagonal  barometer, 
where  the  quickfilver  riling  two  inches,  the  atmofphere  rifes  23800  ;  fo 
that,  fince  the  quickfilver  in  the  barometer  never  remains  at  the  fame  pre- 
cife  height,  the  atmofphere  muft  conftantly  vary  in  its  weight.  And  fince  this 
air  infinuates  itfelf  into  the  pores  of  bodies,  it  muft  here  excite  a  perpetual 
motion  •,  and  hence,  perhaps,  it  is,  that  all  the  principal  natural  effeds  are 
produced  in  the  open  air.  Thus  pafte  does  not  rile,  nor  animals  eafily  pu¬ 
trefy,  nor  fruit  foon  corrupt  in  vacuo  *,  whence  it  appears,  that  without  air 
the  parts  of  animals,  vegetables  and  minerals  would  remain  almoft  un¬ 
changed.  6.  The  air  feems  to  contain  particles  proper  to  diftolve  all 
forts  of  bodies-,  as  nearly  all  forts  of  bodies  float  diflolved  'in  the  air,  it 
muft  needs  happen,  that  one  time  or  other,  the  propereft  diflolving  par¬ 
ticles  will  be  applied  to  every  body,  refpedively :  in  which  light,  the  air 
may  be  called  an  univerfal  folvent  («).  Thus  there  is  no  metal,  or  metallic 
matter,  but  fooner  or  later  is  prey’d  upon,  or  corroded,  either  in,  or  by 
the  air  ;  but  it  would  be  endlefs  to  mention  all  the  effeds  of  the  air  upon 
bodies:  in  a  word,  it  makes  manifeft  what  was  obfcure  obfcures  what  was 
manifeft  :  fheathes  what  was  corroftve  ;  un-fheathes  what  vvas  mild  ;  fixes 
what  was  volatile ;  volatilizes  what  was  fix’d ;  produces  colours,  and  de~ 
ftroys  them,  &c.  &c.  To  conclude,  it  is  plain,  that  the  fame  fubjed,  treated 
apparently  in  the  fame  manner,  may  produce  a  different  eflFed,  if  the  air 
be  different :  whenever,  therefore,  any  chemical  procefs  is  defcribed,  let  a 
particular  regard  be  had  to  the  ftate  of  the  atmofphere  ;  otherwife  it  will 
be  impoflible  to  arrive  at  certainty,  or  any  uniformity,  in  experiments. 

(»)  See  the  Note,  pag.  406. 
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Of  W  A  T  E  R. 


i.  A  S  water  is  common  to  be  met  with,  and  comes  to  be  ufed  on  every 
/jk  occafion,men  are  apt  to  imagine  they  thoroughly  underftand  its 
X  JL  nature ;  but  thofe  who  have  carefully  applied  themfelves  to 
the  examination  thereof,  find  it  one  of  the  molt  difficult  fubje&s  in  ail 
natural  philofophy  to  be  acquainted  with.  A  principal  caufe  of  this 
difficulty  is  the  labour  required  to  feparate  water  from  other  bodies,  or 
other  bodies  from  water;  which  continually  mixes  itfelf '  with  chemical 
fubje&s,  and  efpecially  with  the  air  (0),  wherein  all  chemical  operations 
are  performed  ;  fo  that  it  is  fcarce  any  where  excluded.  Thus  the  hardeft 
and  dryeft  bone,  by  diftillation  affords  a  fpirit,  that  contains  water;  fo 
Jikewife  ftone  and  brick,  when  reduced  to  powder  and  diftilled,  in  dry 
veffels,  give  out  an  aqueous  moifture,  which,  as  a  kind  of  cement,  enters 
their  compofition,  and  flicks  their  particles  together  ;  for  brick  is  made  by 
mixing  water 'with  dry  powdry  clay,  then  drying  and  burning  the  mixture  (p). 
That  the  air  abounds  with  water,  we  fhewed  in  the  preceding  chapter ;  and 
it  may  be  proved  to  the  fight,  by  expofing  a  piece  of  ice  to  the  air  in  the 
heat  of  fummer,  when  an  aqueous  vapour  will  prefently  appear  as  collected 

about 


(, 0 )  It  is  difputed,  whether  or  no,  water 
be  convertible  into  air.  In  the  vapours  daily 
laifed,  we  find  water  rarified  to  a  great  degree, 
fo  as  to  take  place  in  the  atmofphere,  and 
help  to  compofe  a  considerable  part  of  what 
we  call  air  ;  and  even  to  contribute  to  many  of 
the  effects,  afcribed  to  the  air :  but  fuch  vapour- 
air  has  not  the  charafters  of  true,  permanent 
air  ;  being  eafdy  reducible  into  water  again. 
So,  in  digeflions  and  diftillations,  the  water 
may  be  rarified  into  vapours,  yet  it  is  not 
really  changed  into  air,  but  only  divided  by 
heat,  and  diffufed  into  very  minute  parts, 
which,  meeting  together,  prefently  return  to 
Inch  water  as  they  conftituted  before. 

Water,  rarified  into  vapour  in  an  asolipile, 
will,  for  a  while,  have  an  elaftic  power,  like 
that  of  air,  and  be  driven  out  in  a  ftream,  much 
refembling  air  ;  but  the  elaftic  power  of  this 
ftream  is  ir.anifeflly  owing  to  nothing  -eife  but 
the  heat,  that  expands  and  agitates  the -aqueous 
particles  thereof ;  and,  when  that  heat  is  gone, 
the  elallicity  and  other -aerial  properties  difap- 
pear  Iikewife:  rapid  winds,  thus  made,  feem 
to  be  no  more  than  mere  water,  broke  into 
little  parts  and  put  into  motion  ;  fince  by  bald¬ 
ing  a  frnooth,  folid  and  clofe  body  againfr'it,  - 
the  vapours  condenfing  thereon,  will  prefently 
cover  the  body  with  water. 

Tho’  no  heat  intervenes,  fays  Mr.  Boy/e, 
perhaps  motion  alone,  if  vehement,  may  fuftice 


to  break  water  into  minute  parts,  and  make 
them  afcend  upwards  ;  if  they  cannot,  other- 
wife,  more  eafily  continue  their  agitation  :  for, 
I  remember  that  betwixt  Lyons  and  Geneva, 
where  the  Rhone  is  fuddenly  ftraitned  by  two 
rocks,  exceedingly  near  each  other,  that  rapid 
ftream,  dafhing  with  great  impetuofity  againft 
them,  breaks  part  of  its  water  into  fuch  mi¬ 
nute  corpufcles,-  and  gives  it  fuch  a  motion, 
that  a  mill,  as  it  were,  may  be  obferved  at  a 
confiderable  dillance,  a  riling  from  the  place, 
and  afcending  high  into  the  air.  Boyle' s  Bhyf 
Meehan .  Exp. 

(p)  ’  Fis  furprifing  to  obferve,  how  great  a 
fhare  of  water  goes  to  make  up  feveral  bodies, 
whofe  forms  promife  nothing  near  fo  much  : 
eels,  by  diftillation,  yielded  me  fome  oil,  fpirit, 
and  volatile  fait,  befides  the  caput  mortuum  ; 
yet  all  thefe  were  fo  difproportionate  to  the 
hlegm,  that  they  feemed  to  have  been  nothing 
ut  that  coagulated  :  which  Iikewife  ftrangely 
abounds  in  vipers,  tho’  they  are  elteemed  very 
hot  in  operation ;  and  will,  in  a  convenient  air, 
furvive,  f  pr  fome  days,  the  lofs  of  their  heads 
and  hearts.  Human  blood  itfelf,  as  fpirituous 
and  elaborate  a  liquor  as  it  is  reputed,  fo  a- 
bounds  in  phlegm,  that  diftilling  fome  of  it, 
on  purpofe  to  try  the  experiment,  out  of  about 
7  |  ounces,  we  drew  near  6  of  phlegm,  before 
any  of  thefe  operative  principles  began  to  rife. 
'Boyle's  Scept.  Ghetnijl , 
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about  its  furface  ;  and  if  held  near  to  the  hand,  a  vapour  manifeftly  arifes 
betwixt  the  ice  and  the  furface  of  the  flcin  :  which  vapour  proves,  that  water 
was  equally  diftributed  thro*  the  air,  but  now,  coming  to  be  condenfed  by  the 
coldnefs  of  the  ice,  appears  in  a  vifible  form.  So  likewife,  if  a  third  part  of 
powder’d  fal-ammoniac  be  put  into  a  large  glafs  of  fair  water  *,  the  external 
furface  of  the  glafs,  tho*  perfectly  dry  before,  will  now  presently  Hand  of  a 
dew,  and  trickle  down  in  drops :  which  fhews  that  the  invilible  water  of 
the  air,  like  the  breath  in  fummer,  is  thus  condenfed  and  rendered  vifible, 
like  the  breath  in  winter.  And  as  by  thefe  and  numerous  other  experiments, 
it  is  certain  that  the  air  always  contains  water,  it’s  impoffible  that  bodies, 
expofed  to  the  air,  can  be  kept  from  water :  but  if  it  be  fo  difficult  to  fe pa- 
rate  water  from  air,  it  may  be  no  lefs  fo  to  feparate  many  other  bodies  from  - 
water  *,  and  obtain  it  perfectly  pure,  Ample  and  elementary.  It  is  certain, 
that  numerous  kinds  of  bodies  are  totally  diffoluble  in  water,  both  fepa- 
rately  and  conjointly,  fo  as  not  to  appear  therein ;  whilft  cuftom,  which 
gives  the  law  to  words,  calls  this  liquor  by  the  name  of  water,  tho’  it  be 
mixed  and  altered  a  thoufand  ways  :  but  when  we  carefully  examine  into 
its  peculiar  nature,  we  fhall  find  it  poflefs’d  of  many  principal  properties,  in 
common  with  other  fluids  j  whence,  there  again  arifes  a  great  difficulty  in 
finding  a  mark,  whereby  water  may  be  accurately  diftinguiffied  from  all 
other  liquors. 

2.  But  he  who  enters  upon  this  phyfical  inquiry,  •  fhould  neceffiarily  have  its  mark  tale 
fome  certain  mark,  whereby  to  know  water,  whole  nature  he  endeavours  to  found. 

find  *,  fo  that  by  means  of  this  mark,  he  may  diftinguifh  water  from  all  other 
bodies,  which  are  not  water :  and  at  length  all  the  properties  found  in  water, 
are  to  be  referred  to  that  thing,  wherein  the  former  mark  was  found. 

3.  In  purfuance  of  this  method,  we  call  water  ^very  fluid,  fcentlefs,  tafte-  Water  de- 
lefs,  tranfparent,  colourlefs  liquor,  which  turns  to  ice  with  a  certain  degree  fined- 

of  cold  •,  by  which  marks  every  one  knows  water  to  be  denoted:  if  there¬ 
fore  we  could  procure  fuch  water,  perfectly  free  from  the  admixture  of  any 
other  body,  it  would  be  eafy  to  examine  it  chemically,  hydroftatically  and 
mechanically  and  thus  we  might  be  certain,  that  all  the  difcoveries  made 
would  conftantly  belong  to  the  nature  of  water,  and  to  no  other  body  befide  *, 
becaufe,  by  fuppofition,  no  other  would  be  contained  in  it :  but  if  other  bo¬ 
dies  be  prefent  in  water,  we  muft  always  remain  in  doubt  to  what  kind  of 
parts  any  difcovered  property  belongs. 

4.  But  to  obtain  water  pure,  is  impoffible ;  for,  fo  long  as  the  form  of  Tire  in  w 
water  remains,  it  always  contains  fire,  and  this  in  a  confiderable  quantity  :  ur‘ 

but  as  foon  as  the  quantity  of  fire  in  water  leflens,  till  the  thermometer 
flands  at  thirty  two  degrees,  water  is  no  longer  fluid,  but  folid  ice  j  tho* 
many  other  bodies  remain  fluid  in  the  cold  that  freezes  water,  yet  may  be 
froze  by  an  intenfer  cold :  on  the  other  hand,  tho9  the  thermometer  flands 
feventy  three  degrees  below  the  point  that  freezes  water  •,  yet  alcohol  and 
mercury  do  not  freeze:  whence  it  fhould  feem  that  a  large  quantity  of  fire 
is  requilite  to  keep  water  fluid  (</). 

•  5.  But 

( q)  Thus' Mr.  Beyle  :  Ice  is  ufually  laid  to  cold ;  but  with  regard  to  the  nature  of  things, 
be  water  brought  into  a  preternatural  Hate  by  and  fetcing  afide  our  arbitrary  ideas,  it  mighr.  • 

a  fitl  I 
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5’  But  all  water  is  continually  expofed  to  the  air;  which  likewiie  enters 
it  in  a  certain  proportion,  as  we  have  fhewn  above :  now,  the  atmofphere, 
we  know,  abounds  with  all  forts  of  volatile  bodies;  whence  of  confequence, 
the  air  muft  continually  intermix  its  contents  with  water :  an  eminent  proof  of 
which  we  have  after  fudden  rains,  attended  with  thunder  and  lightning,  and 
following  upon  long  droughts ;  for,  the  rain-water,  colle&ed  at  this  time 
abounds  with  a  great  variety  of  particles,  as  chemifts  have  often  obferved. 
6.  And  when  the  air  has  thus  entered  water,  they  are  not  eafdy  fepara- 
And  net  eafdy  ble  again  ;  the  extradition  of  nearly  the  whole  weight  of  the  atmofphere, 
being  required  in  the  air-pump,  before  the  air  can  extricate  itfelf  from  water 
in  thirty-three  degrees  of  heat ;  and  it  requires  a  hundred  and  fifty  degrees 
of  heat  to  feparate  air,  mix’d  with  water,  in  an  atmofphere  of  a  middle 
weight:  whence  the  greateft  natural  heat,  and  the  lighted:  atmofphere 
with  us,  are  not  fufficient  to  difodge  air  from  common  water.  Fixed  alcaline 
falts  indeed,  diftolved  in  water,  may  feem  to  drive  out  the  air  ;  but  at  the 
fame  time  they  impregnate  the  water;  and  if  the  water  be  hence  abftradted, 
yet  by  thuspalfing  thro’ the  air  again,  it  becomes  repleat  therewith:  but  there 
is  reafon  to  fufpedt,  that  oil  of  tartar  per  deliquiam  does  net  yield  air  in 
vacuo ;  becaufe  it  is  ftrongly  attractive  and  retentive  of  air :  for,  I  have 
often  found  by  experience,  upon  boiling  ftrong  alcaline  lixiviums,  that 
when  they  began  to  thicken  and  grow  dry,  they  would  fuddenly  fwell  and 
rife  in  a  violent  froth,  and  boil  over,  unlefs  carefully  prevented;  the  dwelling 
being  here  ftronger  than  in  mod:  other  liquors :  which  makes  me  fufpeCt, 
that  true  air  is  ftrongly  and  largely  attracted  by  pure  fixed  alkali,  as  foon  as 
it  is  removed  from  the  fire ;  and  that  it  fixes  the  air  fo  firmly  in  itfelf,  as 
not  to  be  feparated  again,  but  by  a  very  ttrong  fire,  or  by  attracting  fome 
other  thing,  more  nearly  related,  as  an  acid  fuppofe  ;  with  which  it  ferments, 
and  thus  lets  go  its  air.  Hence  we  fee,  how  feldom  water  is  to  be- found 
without  air,  and  the  things  contained  in  air ;  ’tis,  therefore,  neceffary  be¬ 
fore  we  come  to  our  experiments  upon  wrater,  that  we  expredy  treat  of  the 
ways  whereby  water  may  be  obtained  as  pure  as  podible ;  for,  when  once 
fuch  water  is  found,  and  carefully  examined,  we  may  come  the  nearer  to  a 
knowledge  of  the  pure  element.  To  perform  this  the  better,  we  mud:  pro¬ 
ceed  flowly,  and  in  order  ;  examining  all  the  properties  of  water  fucceflively, 
which  can  any  way  be  found  therein,  fo  long  as  it  remains  water  :  and  as 
we  proceed,  it  will  always  be  neceflary  mod:  carefully  to  obferve,  how  every 
property,  found  in  any  water  under  examination,  correfponds  to  that  water 
which  we  find  to  be  the  pureft  ;  this  being,  in  my  opinion,  the  only  true  way 
of  purfuing  the  inquiry. 


full  as  juftly  be  faid,  that  water  is  ice,  preter- 
natu rally  thawed  by  heat.  If  it  be  urged,  that 
ice,  left  to  itfelf,  will,  upon  the  removal  of 
the  freezing  agents, return  to  water; it  may  be 
anfwered,  that,  not  to  mention  the  fnow  and 
ice,  which  lie  all  the  fummer  long  on  the  Alps, 
and  other  high  mountains  even  in  the  torrid 
zone;  we  have  beenaffured,  that  in  fome  parts 
of  Siberia,  the  furface  of  the  ground  continues 
more  mouths  of  the  year  frozen  by  the  natural 


7* 

temperature  of  the  climate,  than  thawed  by 
the  heat  of  the  fun  ;  and  that  a  little  below 
the  furface  of  the  ground,  the  water,  which 
chances  to  be  lodged  in  the  cavities  of  the  foil, 
continues  in  a  hate  of  ice  all  the  year  round  ; 
fo  that  when  in  the  heat  of  fummer,  the  fields 
are  covered  with  corn,  if  you  dig  a  foot  or 
two  deep,  you  fhall  find  ice  and  a  frozen  foil. 
Boyle's  Natural  and  Preternatural  State  of 
Bodies, 
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7.  And  firft,  we  are  to  obferve,  that  water  has  its  own  peculiar  gravity,  tho*  The  peculiar 
this  be  extremely  difficult  to  find  •,  becaufe  water  naturally  contains  many 

things  that  are  lighter  than  the  pure  element  itfelf.  This  appears  remarkably 
,  in  rain-water,  and  diftilled-water  •,  thus,  for  example,  if  any  fermented  fpirit 
be  contained  in  either,  it  renders  them  lighter  ;  as  on  the  other  hand,  a  fpirit 
produced  from  putrefied  vegetables,  or  animals,  renders  them  heavier:  but 
there  are  many  other  things  mixed  with  the  air,  which  prove  naturally  much 
heavier  than  water,  and  render  it  more  ponderous :  for,  faline,  faponaceous 
and  vitriolic  bodies,  largely  diffolve  in  water,  fo  as  to  increafe  its  gravity 
in-  fprings,  rivers,  and  wells. 

8.  Well-water  is  properly  the  water  found  in  the  fandy  ftratum  of  the  We  Heater.  - 
earth,  or  quick-fprings,  by  digging  to  a  certain  depth  below  the  furface 

of  the  earth,  where  it  is  not  ftony-,  till  we  come  to  a  pure  fand,  which  is 
in  vain  attempted  to  be  dug  through,  freffi  fand  continually  flowing  in  from 
the  neighbouring  parts  as  faft  as  any  is  removed  ;  and  in  this  fand-bed  the 
water  always  rifes  from  the  bottom,  and  runs  from  the  circumjacent  parts  ; 
whence  the  names  of  quick-fprings,  and  living- waters,  feem  to  be  derived  ; 
and  if  in  a  place  thus  dug,  the  accefs  of  all  water  is  carefully  prevented; 
except  what  ftrains  thro*  the  fand,  a  pure  water  may  be  thus  procured:  for, 
as  fand  is  only  a  collection  of  fmall,  clean  flints,  of  fuch  different  figures, 
and  fizes,  as  to  leave  interftices  between  them  ;  it  thus  ftrains  the  water,  and 
keeps  back  moft  other  fubftances,  that  were  mixed  with  it  ;  thus  rendering 
the  water  pure  and  limpid  :  fo  that  if  there  are  no  fine  falts  in  the  neigh¬ 
bourhood  of  thefe  finds,  the  water  muft  needs  have  a  great  degree  of 
purity  ;  tho’  in  general  the  cafe  is  otherwife,  and  falts,  &V.  mix  with 
the  water  and  increafe  its  weight:  the  earth'  being  a  kind  of  chaos  from 
whence  all  things  rife,  and  back  into  which  they  all  return.  This  water, 
therefore,  is  a  kind  of  lixivium,  wherein  thofe  things  are  held  diflolved  that 
water  is  capable  of  diflolving  ;  whence  it  appears,  that  water  can  rarely  be 
obtained  pure,  and  muft  differ  according  to  the  difference  of  the  pla¬ 
ces  through  which  it  paffes.  Now  if  we  compare  the  pureft  water,  that 
can '  be  thus  obtained,  with  another  body  that  does  not  vary  its  weight,  as 
pure  gold  for  inftance,  we  fhall  find  it  to  gold,  as  250  to  4909,  or  nearly, 
as  1  to  20  ;  to  rock-cryftal  as  1  to  2  ~  ;  to  marble  as  1  to  2  4-o  ;  to  com¬ 
mon  air  as  1  to  850,  &c(r ).  But  as  heat  makes  water  fpecifically  lighter, 
hence  in  all  experiments  about  the  relative  weight  of  bodies  to  water,  the  de¬ 
gree  of  heat  in  the  air  is  carefully  to  be  obferved  ;  and  fince  the  expanfions 
of  bodies  from  heat  are  to  one  another  as  the  weights  of  the  bodies  ex¬ 
panded,  with  this  difference,  that  fluids  expand  more  than  folids;  hence 
metals  will  be  much  lefs  expanded  than  water  by  the  fame  degree  of  heat ; 
and,  therefore,  no  obfervation  of  the  weight  of  metals  to  water  can  agree, 
if  made  in  different  degrees  of  heat :  but  if  two  different  kinds  of  water 
fhall,  in  the  fame  degree  of  heat,  differ  in  their  weight,,  with  refped  to  - 
gold,  the  heavier  will  always  contain  matter  in  it  more  ponderous  than  the 
water;  whence,  the  heavier  any  water  is,  the  more  it  ihould  be  fufpedled 

of  f 

( r )  See  Phil.  Tran/aft.  N°.  I  87.  p,  366.  p.  1 83.  p.  212* 
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or  containing  what  is  not  water :  and  hence  phyficians  judge  heavy  waters 
to  be  unwholefome,  and  the  light  ones  to  be  purer  and  better  (s)  \  unlefs 
their  lightnefs  be  owing  to  an  admixture  of  fpirits.  Hippocrates  fays  that  light 
water  is  eafy  of  digeftion  and  pafles  off  quick  j  and  again,  that  the  lighted, 
fweeteft  and  cleared  rain-water  is  the  bed  and  mod  medicinal  (/).  Herodotus 
(u)  has  this  remarkable  pafiage:  1  in  AEthiopia  they  live  to  120  years  or  lon- 
‘  ger  •,  they  eat  drefled  flefh,  and  drink  milk  :  they  have  a  water  that  no- 
c  thing  will  float  upon,  not  wood  :  and  even  things  lighter,  fink  therein  ; 
*  and  this  water  makes  them  long-lived.’  But  in  our  days  we  meet  with 
no  fuch  water  as  this  *,  if  it  could  be  procured,  we  might  hence  have  a 
method  of  comparing  our  fubjedt  with  it ;  but  even  repeated  diflillation  will 
not  afford  us  fuch  a  water.  So  that  prefuming  this  account  to  be  true,  I 
fufpedt  that  the  woods  in  that  part  of  Mthiopia  are  extremely  ponderous, 
and  their  waters  lighter  than  ours  :  it  is  certain  that  in  Afta,  Africa ,  and 
America ,  efpecially  the  hotter  parts  of  them,  there  are  woods  that  approach 

to 


(f)  Phyficians  generally  fuppofe  the  light 
and  pure  water  the  moil:  wholefome ;  fo  that 
an  eafy  contrivance  to  know,  when  water  has 
thefe  properties,  would  be  of  fervice.  We 
have  been  told  that  water  brought  out  of 
Africa  into  England,  was  found  by  common 
fcales*  to  be  fpecifically  lighter  than  ours,  by 
four  ounces,  in  the  pint.  Thus  many  kinds 
of  pump-water  will  not  bear  foap,  and  fome 
will  not  dye  fcarlet,  or  other  particular  co¬ 
lours. 

Dr.  Hook  has  contrived  a  water-poife,  which 
may  be  of  good  fervice  in  examining  the  puri¬ 
ty,  &c.  of  water  :  it  confifts  of  a  round  glafs- 
ball,  like  a  bolt-head,  about  three  inches  in 
diameter,  with  a  narrow  Hem  or  neck  ^  of 
an  inch;  which  being  poifed  with  red-lead, 
fo  as  to  make  it  but  little  heavier  than  a  pure, 
fweet  water,  and  thus  fitted  to  one  end  of  a 
fine  balance,  with  a  counter-poife  at  the  other  ; 
upon  the  leak  addition,  of  even  part  of 
fait  to  a  quantity  of  water,  half  an  inch  of 
the  neck  will  emerge  above  the  water,  more 
than  did  before.  Philofoph.  Eranfadl.  NQ.  197. 

it  is  generally  granted,  that  thofe  waters, 
caeteris  paribus,  are  the  bell,  as  well  for  whole- 
foinenefs,  as  other  various  ceconomical  ufes, 
■ok.  that  are  freed:  from  faltnefs ;  which  is  an 
adventitious,  and  in  moil  cafes,  a  hurtful  qua¬ 
lity  in  waters.  Mr.  Boyle,  therefore,  contrived 
a  very  extraordinary  method  of  examining  the 
frefhnefs  and  faltnefs  of  waters,  by  a  precipitant, 
which  could  difeover  one  part  of  fait  in  1000, 
nay  z,  or  3000  parts  of  water.  This  he  proved 
before  K.  Charles  11,  but  he  was  enjoined  to 
keep  it  a  fecret.  Ibid. 

r  have  often  found  an  unfufpefted  fea-falt 
in  water,  by  pouring  thereinto  a  folution  of 
fine  filver,  made  in  aqua  for  tie:  for,  as  com¬ 
mon  fait,  or  its  fpffit,  will  precipitate  the  me¬ 


tal  in  form  of  a  white  calx  in  fuch  a  folution  ; 
I  imagined,  if  the  water,  in  its  paffage  thro’ 
the  earth,  gained  ever  fo  few  faline  corpufcles, 
they  would  aft,  tho’  faintly,  upon  the  di-ffolved 
particles  of  filver  ;  and  accordingly,  upon  their 
mixture,  a  kind  of  whitenefs  immediately  en- 
fued.  This  experiment  has  taught  me  to  avoid 
fuch  water,  and  to  ufe  in  its  dead  rain-water, 
or  that,  which  had  been  freed  from  its  fait  by 
gentle  dillillation.  Boyle's  Ufeful.  of  Exper. 
Philof 

Divers  means  have  been  attempted  for  mak¬ 
ing  fea-water  fweet ;  Mr.  H aught  on  had  a  fecret 
for  this  purpofe,  which  he  at  length  difeovered 
in  the  hidory  of  the  royal  academy".  -It  con¬ 
fided  in  firil  precipitating  the  water  with  oil 
of  tartar  ;  then  diddling ;  and  laftly,  filtrating 
it  thro’  a  peculiar  foit  of  earth,  which  he 
mixes  with  it,  and  fuffers  to  fettle  to  the  bot¬ 
tom.  After  thefe  three  operations,  the' water 
remains  perfeftly  wholefome. 

Dr.  Lifer  holds,  that  falt-water  is  rendered 
frefh  by  the  breath  of  plants,  growing  in 
it;  and  accordingly  gives  us  an  experiment, 
wherein  fome  common  fea-weed,  or  alga  ma¬ 
rina,  being  fet  in  a  glafs  body  of  falt-water, 
diddled  every  day,  without  any  fire,  a  quan¬ 
tity  of  pure,  potable  water.  Phil.  Eranf  Np. 
.156, 

The  thawed  ice  of  fea-water  is  often  ufed  at 
Amferdam,  for  brewing.  And  Bartholine,  in. 
his  book  de  nlvis  ufu,  confirms  this  relation 
in  the  following  \vords  :  *  ’Tis  certain,  fays 

*  he,  that  if  the  ice  of  the  fea-water  be  thaw- 

*  ed,  it  lofes  its  faltnefs as  has  been  lately 

*  tried  by  a  profeffor  in  our  univerfity  ? 

(t)  Hippoc.  de  acre,  aquis  &  locis.  §.  16, 

*7- 

[u)  Herod,  lib.  III.  c.  12c, 
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to  the  hardnefs  of  iron,  and  the  weight  of  done  *,  whence,  they  are  called 
iron-woods.  Box-wood,  Jong  kept,  with  us  is  extremely  folid  and  pon¬ 
derous  ;  fo  is  that  particular  kind  of  oak,  commonly  called  iron-oak  ;  and 
of  the  beft  lignum-vitae  the  Americans  make  their  weapons:  whence  we  have 
a  confirmation  of  the  truth  of  what  he  relates.  Indeed,  later  obfervations 
confirm  nearly  all  the  relations  of  this  hiftorian  ;  tho’  fuch  as  are  ignorant 
in  natural  philofophy,  efteem  them  as  falfe,  or  fabulous  :  but  the  lighted 
water,  that  v/e  can  at  prefent  procure,  either  by  nature,  or  art,  is  conftantly 
heavier  than  all  the  known  wines,  or  liquors  procured  by  fermentation  with 
water  and  vegetables. 

9.  Another  property  of  water,  in  common  with  other  liquors,  is  its  <7-7,^;^ 0f 
fluidity  •,  which  is  fo  great,  that  its  fmalleft  particles  recede  from  each  water, 
other  with  a  very  little  heat  or  motion :  whence,  experiments,  carefully 

made,  may  fhew  what  proportion  exhales  in  a  given  time,  from  a  known 
furface  of  water,  with  a  given  heat ;  whilft  the  water  is  not  difturbed  by 
winds.  Where  we  are  to  obferve,  that,  cteteris  paribus ,  water  exhales  the 
more,  the  purer  it  is  i  and  the  lefs,  the  more  it  abounds  with  fait ;  fo  that,  if 
perfectly  pure,  there  is  fcarce  any  cohefion  between  its  parts  :  which  being 
drawn  out,  they  do  not  run  in  long,  ropy  veins,  or  fpirals,  but  rather  diflipate 
into  a  fine  dew.  Thus,  when  diftilled  with  a  gentle  heat  in  clean  glafs-veflels, 
it  rifes  in  a  tepid  vapour  *,  which  ftriking  againfl:  the  fides  of  the  glafs,  re¬ 
turns  to  water  j  and  running  down  the  internal  furface,  never  appears  in 
veins,  as  oils  and  fpirits  do,  but  refembles  dew-drops :  whilft  fea-water,  on 
account  of  the  fait  and  bitumen  mixed  among  it,  does  not  fo  eafily  feparate 
into  its  particles,  as  frefh  ;  whence  fprings,  brooks,  rivers,  lakes  and  ponds 
exhale  more  in  proportion  than  the  fea.  How  much  the  fea,  and  fair  water 
exhale,  and  with  what  difference,  is  computed  by  Dr.  Halley  (x).  A  final! 
degree  of  heat,  fo  as  not  to  raife  a  fenfible  vapour,  occafions  a  copious  ex^ 
halation  from  water ;  whence,  by  the  heat  of  the  fun,  and  the  adlion  of  the 
winds,  water  is  continually  kept  in  motion,  carried  off  and  difperfed.  And 
hence  appears  the  great  neceffity  and  ufe  both  of  the  fun  and  wind  ;  but, 
what  makes  moft  to  our  prefent  purpofe,  we  hence  learn  that  the  particles 
of  water  are  fo  moveable,  as  to  be  totally  feparable,  and  refolvable  by  a 
very  flight  caufe. 

10.  This  great  fluidity  of  water  is  entirely  owing  to  fire,  applied  in  a  Depends  upon 
certain  degree  *,  for,  if  pure  water  be  expofed  to  the  air,  fo  as  to  be  every  fire. 

way  affected  by  the  temperature  thereof,  it  lofes  its  fluidity  at  the  thirty-fe- 
cond  degree  of  our  thermometer  ;  whence  thirty-three  degrees  of  heat  are  fuf- 
ficient  to  preferve  water  fluid  :  and  fo  long  as  water  retains  this  degree  of 
heat,  fo  long  it  retains  motion,  or  exhales,  and  confequently  flows,  with  this 
degree  of  heat.  But  as  this  degree  of  cold  may  naturally,  as  we  faw  in  the 
hiftory  of  fire,  be  augmented  to  the  firffc  degree ;  and  as  heat  feldom  na¬ 
turally  rifes  to  eighty  degrees  i  hence  it  appears,  that  water  may  become 
and  remain  ice,  within  the  limits  of  part  of  the  greatefl:  natural  heat ;  and 
with  the  other  ~  become  and  remain  water:  which  could  not  eafily  be  cre¬ 
dited,  unlefs  thus  fatisfadtorily  proved.  And  doubtlefs,  there  mull  be  fome 

L  1  1  weighty 

(x)  Phil.  Pranf.  N°.  1 89  p.  366. 
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weighty  caufe  in  nature,  why  water  fhould  only  remain  water  in  that  degree 
of  heat,  and  ice  in  a  lefs. 

11.  And  when  water  once  obtains  its  firft  fluidity  with  this  determined 
degree  of  heat,  it  retains  the  fame  invariably,,  in  all  greater  degrees  of  heat ; 
fo  that  no  art,  hitherto  known,  can  render  it  more  fluid,  how  great  a  fire 
foever.  be  applied  :  hence,  water  either  exifts  in  its  own  fluid  ftate,  or  in  the 
form  of  ice  ;  whilfl  the  adtion  of  fire  cannot  divide  its  particles  farther,  but 
only  fet  them  loofe  j  upon  which,  the  water  immediately  becomes  as  fluid, 
as  its  nature  permits.  Thus  Sir  Ifaac  Newton  has  fhewn  by  experiments,  that 
pendulums  vibrate  equally  alike  in  hot  water  and  in  cold  ( y ).  But  here  we 
fpeak  with  refpedl  to  our  fenfes,  fo  far  as  they  give  us  notice  of  the  changes 
in  bodies  ;  and  with  regard  to  the  lubricity  of  the  parts  of  water,  whereby 
they  a<5t  upon  each  other  with  a  determinate  force,  which  we  judge  fo  fmall 
that  fire  cannot  leflen  it  fenfibly  •,  otherwife  we  know,  that  water  conftantly 
becomes  lighter  and  rarer  from  thirty-two  degrees  of  heat,  up  to  two  hundred 
and  twelve  ;  and  on  this  account  gives  lefs  refiftance  to  the  motion  of  the 
fame  body  of  the  fame  weight.  The  fcale  of  the  rarifadtion  of  water  we 
have  already  given  in  the  hiftory  of  fire  :  thus  boiling- water  poflefles  -jVth  more 
fpace  ;  but  this  makes  fcarce  any  fenfible  difference  in  the  motion  of  a  pen¬ 
dulum,  whilfl:  itfelf  alfo  rarifies  by  the  boiling  water,  and  renders  fo  fmall  a 
difference  ftill  lefs. 

12.  If  we  refled  upon  the  ultimate  particles  of  water,  we  fhall  find  them 
fo  extremely  fmall  as  not  to  be  meafured  a  fingle  particle  not  being  an 
objed  of  fenfe,  however  affifted ;  nor  manifefting  its  bulk  by  uniting  with 
other  things.  In  the  hiftory  of  air  we  have  fhewn,  that  water  may  pafs  thro9' 
fmaller  pores  than  air  (2) ;  as,  for  example,,  thro*  the  invifible  pores  of  wood,, 
where  no  elaftic  air  can  enter :  tho*  this  does  not  fhew  the  real  fmallnefs  of 
the  fingle  particles  of  water,  but  only  their  penetrating  power,  which  may 
depend  more  upon  the  figure,  than  the  fize  of  the  particles.  Nor  can  we  here 
argue  from  weight  r  as  a  fpherical  particle  of  gold  may  pafs,  where  the  fame 
particle  beat  into  a  thin  plate  could  not.  I  farther  doubt,  whether  a  fingld 
elementary  particle  of  air  be  lefs  than  a  fingle  elementary  particle  of  water  ; 
becaufe,  particles  of  air  may  lodge  between  the  contiguous  particles  of  water,, 
and  yet  the  water  remain  incompreflible,  as  was  above  fhewn  in  the  hiftory 
of  air. 

13.  Tho*  we  cannot  determine  the  fize  of  the  component  particles  of 
water,  yet  we  know  no  fluid  more  penetrating,  if  we  except  fire  (which 
pervades  all  things)  the  magnetic,  effluvia,  and  light.  It’s  true  indeed,  oil 
will  fometimes  foak  thro9  calks,  that  would  contain  water  ;  but  the  reafon  is, 
that  the  oil  diflolves  the  rofin  of  the  wood,  and  fo  both  run  thro*  together  1 
whereas  water,  not  diflolving  the  rofin,  does  not  fweat  thro*.  So  again, 

water 

(j)  See  Newton Optice,  p.  31 2.  air,  for  want  of  a  wetting  property,  cannot  do 

{*)  M.  Homberg  is  of  opinion,  that  water  As  a  proof  of  this  dodrine,  he  filled  a  bladder 
enters  fuch  narrow  pores  as  will  not  admit  with  air,  and  cotfiprefled  it  with  a  ftone,  and 
the  air,  only  becaufe  it  moiftens  and  diflolves  found  no  air  to  come  out ;  but  placing  the 
the  glutinous  matter  of  the  fine  fibres  of  the  bladder,  thus  comprefled,  in  water,  that  air 
membranes,  and  alfo  renders  them  more  plia-  eafily  efcaped.  Hifl de  T Acad.  Ann,  1700. 
fc’.e  and  diflradile  ;  which  are  things  that  the  p.  45. 
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water  does  not  pafs  thro’  paper,  firft  moiftened  with  oil,  but  oil  eafily  will : 
and  hence  alfo  it  is,  that  fyrups  will  fometimes  fweat  thro*  calks,  where 
water  would  not ;  fugar  and  water  being  a  faponaceous  lixivium,  that  diflolves 
the  gumminefs  of  wood:  hence  alfo  lixiviums,  efpecially  of  the  alcaline  kind, 
can  fcarce  be  confined  in  calks  that  would  confine  water.  Upon  the  whole, 
of  all  true  liquors,  water  feems  to  be  the  molt  fluid,  and  moft  penetrating. 

14.  On  the  other  hand,  all  metallic  veflels  confine  water;  nor  can  it  Nat  general 
fink  into  any  of  the  precious  ftones,  flints,  or  the  ponderous  and  hard  rock- 

ftones,  glafs,  or  fulphur  ;  nor  can  it  pafs  thro*  clofe,  hard,  ponderous  rofiny 
woods,  tho’  it  will  thro*  fuch  as  are  fpungy,  foft,  light,  aqueous  or  faline ; 
as  alfo,  through  foft,  fpungy  ftones,  brick  and  unglazed  earthen-ware  ;  but, 
not  thro*  china- veflels,  or  glazed  earthen- ware.  Glafs  neither  changes  water, 
nor  is  changed  by  it ;  and,  therefore,  preferves  it  well.  Clavius  the  mathe¬ 
matician,  put  fome  water  into  a  glafs-phial  whith  a  long  neck,  fealed  it  up 
hermetically,  and  with  a  diamond  marked  the  height  it  rofe  to  ;  and  at  the 
end  of  eighty  years,  it  was  found  in  Kir cher’s  mufeum  at  Rome ,.  ftill  full 
up  to  the  mark. 

15.  If  cold  water  does  not  pafs  through  any  veflel  that  will  bear  the  fire,  7 V  heated, 
neither  will  it  pafs  through  the  fame,  when  boiling;  as  we  fee  in  all  the 
chemical  diftillations  of  water,  Papin’s  digeftor,  and  the  seolipile.  Some 
chemifts,  I  know,  are  of  a  contrary  opinion  ;  and  imagine,  that  water  may 

by  heat  be  fo  attenuated  as,  after  repeated  diftillations,  to  pafs  thro*  the  fub- 
ftance  of  the  glafs  (a):  but  we  are  to  remember,  that  it  is  extremely  difficult 
to  join  the  diftilling- veflels  fo  clofe,  as  that  no  vapour  ftiall  pafs  through  the 
luting.  Others  have  faid,  that  by  repeated  diftillation,  water  acquires  a  cor¬ 
roding  property :  but  in  all  my  experiments,  I  do  not  remember,  that  it 
ever  acquired  any  acrimony  by  diftillation  ;  and  am  convinced  of  the 
extreme  difficulty  of  repeating  diftillations  in  any  laboratory,  full  of  vapours, 
and  abounding  with  fires,  and  at  the  fame  time  prevent  lofing  part  of  the 
fubjed,  and  keep  it  from  all  accidental  mixture. 

16.  It  is  alfo  found,  that  water,  contained  in  a  ftrong  veflel,  cannot  by  Or  cor?. 
preflure  be  forced  thro’  its  pores,  as  we  fee  in  Papin’s  digeftor.  For  farther  PreJTed‘ 
proof,  we  made  the  following  experiments  in  the  hydraulic  machine  ABCD,  Piate^fig.i. 
where  A  B  is  a  hollow,  brafs  cylinder,  folder’d  up  clofe,  and  only  opening 

at  B,  into  the  tube  C  D,  which  alfo  was  foldered  at  B,  and  rifes  in  a  right- 
angle  at  C,  fix-foot  high  to  D,  fo  as  to  leave  a  communication  between  the 
cavities  A  B,  and  BCD:  at  c  t  there  is  a  ftop-cock  E,  a  little  above  the 
cover  A  F.  Now,  on  pouring  in  water  at  D,  and  opening  the  ftop-cock  E, 
fo  as  to  fill  the  veflel  AB,  and  afterwards  turning  the  cock  E,  and  ftill 
pouring  water  into  the  tube  d  c,  this  preffed  the  water  in  A  B  fo  ftrongly, 
as  to  diftend  the  veflel,  and  force  the  brafs-cover  A  F  upwards,  tho’  a 
great  weight  was  laid  upon  it,  yet  not  a  drop  of  water  came  through  the 
fides:  nay,  when  water  was  poured  in  almoft  up  to  D,  the  foldering  was 
burft  by  the  preflure,  and  the  water  ran  out  at  the  cracks.  From  whence  it  is 
plain,  that  water,  prefled  by  a  great  weight,  cannot  be  forced  through  thofe 
pores  which  it  would  not  fpontaneoufly  pafs  by  its  own  finenefs  of  parts. 

L  1  1  2  17. 

(a)  See  Stahl ,  in  fundament,  chem.  dogm.  &  exp.  p.  38.  §.  7. 
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17.  We  fee,  therefore,  that  the  particles  of  water,  whilft  they  exift  fe^ 
parate,  can  be  enlarged  by  no  other  caufe  but  fire  alone,  which  has  this 
power  imiverfally  upon  all  bodies  *,  and  that  thefe  particles  cannot  be  di- 
miniftied  but  by  the  abfence  of  fire :  but  this  fenfible  diminution  in  the  par¬ 
ticles  of  water  goes  no  farther  than  to  two  and  thirty  degrees  of  heat,  when 
water  becomes  ice  ;  and  the  farther  contraction  of  the  particles  of  water, 
which  happens  in  ice,  cannot  be  obferved,  becaufe  the  air,  expelled  by  the 
clofer  union  of  the  contracted  particles,  begins  to  form  elaftic  bubbles  ; 
which,  then  obtaining  an  elaftic  power,  dilate  the  ice  more  than  it  is  con¬ 
tracted  bv  cold.  Whence  we  underftand  the  reafon  of  the  obfervation  made 

4 

by  mafons  ;  viz.  that  cold  water  penetrates  farther  into  walls  than  hot :  for, 
we  have  feen  above  in  the  chapter  of  fire,  that  water  is  more  condenfed  than 
ftones  by  cold ;  whence  the  pores  of  ftones  are  lefs  contracted  by  the  fame 
degree  of  cold  than  the  particles  of  water  *,  and,  confequently,  water,  ren¬ 
dered  as  cold  as  poflible,  may  pafs  thro’  pores  which  it  could  not  enter  hot. 

1  ft.  Thefe  observations  being  conftant,  we  infer  that  fire  with  all  its  force, 
however  applied,  and  continued,  to  water,  can  never  divide  its  component 
particles,  or  make  them  fmaller  •,  but  on  the  contrary,  enlarge  their  bulks 
and  ftrongly  agitate  them  one  among  another  :  wherein  the  utmoft  power 
of  fire  on  water  terminates.  I  have,  in  ftill  weather,  colle&ed  rain-water  on 
the  top  of  the  obfervatory,  belonging  to  our  unirerfity  \  and  diftilling  it 
with  a  gentle  fire  in  clean  veftels,  kept  it  clofe  fhut  up  for  feveral  years, 
without  ever  finding  it  to  differ,  in  any  refpecft,  by  hydroftatical  and  che¬ 
mical  trials. 

19.  But  as  a  heat  of  thirty-three  degrees  difiolves  ice  into  water,  or  keeps 
water  fluid  ;  hence  we  learn,  that  its  parts  are  continually  moved  by  this 
fire,  whilft  it  remains  water:  for,  this  fire,  which  turns  ice  into  water, 
is  more  than  4  part  of  the  greateft  natural  heat ;  and,  therefore  fo  great  a 
proportion  of  heat,  as  is  required  to  melt  ice,  niuft  of  confequence  move  its 
particles :  whence,  the  particles  of  water,  feemingly  at  reft,  are  conceived 
to  be  in  continual  motion.  Thus  alfo  the  folution  of  falts,  by  means  of 
water  apparently  at  reft,  fhews  its  particles  to  be  in  motion  ;  tho’  this  folu- 
tion  feems  rather  owing  to  the  attra&ion  of  the  particles  one  among  ano¬ 
ther,  than  to  impulfe  (b ) :  but  a  folution  could  fcarce  be  made  in  the  whole 
mafs,  unlefs  the  particles  continually  changed  their  places  by  a  continual 
motion,  and  thence  came  fucceftively  in  contacft  with  the  falts  to  be  diflolved. 
Again,  water  can  never  be  at  reft  in  the  containing  veffel,  while  all  things 
capable  of  fuftaining  water,  are  in  a  tremulous  motion* 

20.  Hence  the  ultimate  particles  of  water  feem  to  be  immutable  at  leaft, 
they  are  fo  conftant  and  unchangeable  in  their  native  figure,  that  no  power 
ofart  or  nature  can  alter  it*,  and  this  both  feparately  confidered,  or  in  the  mafs; 

'  fOF, 

,  (b)  Thefe  inflances  of  the  folution  of  falts  fait  to  the  water.  It  may  arife  from  the 
in  water  may  be  accounted  for,  on  Sir  Jfaac  mutual  attraftion  between  the  particles  of  the 
Newton's  principles,  without  fuppcfmg  the  water  and  the  fait ;  which,  being  ftronger 
particles  of  the  fluid  in  continual  motion,  than  that  between  the  particles  of  the  fait. 
True,  to  effe£t  a  folution,  there  mull  firft  be  may  induce  a  feparation  thereof,  and  occafion 
motion  ;  but  that  motion  need  not  be  furpofed  them  to  recede  from  each  other,  and  diffufe 
to  have  exifled  before  the  application  of  the  themielves  throughout  the  water. 
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for,  fince  water  always  returns  the  fame  from  every  operation  as  it  was  be¬ 
fore,  being  neither  denfer  nor  rarer,  heavier  nor  lighter,  grofler  nor  finer  ; 
it  appears  that  the  particles,  and  their  figures,  muft  have  remained  the  fame : 
for,  if  their  figures  fhould  be  altered,  fo  muft  their  manner  of  contad,  and 
confcquently  the  pores  between  them  *,  whence  of  confequence,  a  difference 
would  always  arife  in  their  denfity  and  gravity.  Thus,  fuppofing  thefe  par¬ 
ticles  fpherical,  and  this  figure  by  their  compreffion  to  be  rendered  cubical, 
the  large  lpaces  between  the  fpherical  particles  would  occafion  a  great  de¬ 
gree  cf  lightnefs  and  rarifadion y  and  there  being  no  fpaces  between  the 
cubical  particles,  this  would  occafion  an  increafe  of  weight  and  denfity  :  but 
nothing  of  this  kind  is  found  in  the  aeolipiley  where  water  is  violently  agitated 
by  the  fire,  and  a  ftrong  refiftance  made  to  its  exit  thro’  the  narrow  neck  y 
whence  it  is  highly  rarified  and  divided  y  yet  the  vapour,  thus  iftuing, 
being  collected,  alwavs  returns  to  water. 

21.  He  nee,  the  primary  particles  of  water  are  not  flexible,  or  angnillular  y  Inflexible , 
as  Des  Cartes ,  and  Stairs  fuppofed :  on  the  contrary,  they  appear  to  be 
perfectly  rigid,  inflexible  and  of  an  adamantine  hardnefs.  Perhaps,  they 

are  all  equally  perfect  and  folid  fpheres  *,  fo  that  if  air  fhould,  in  a  glo¬ 
bular  form,  lodge  in  the  interfaces  of  water,  this  fpace  of  the  water  would 
be  to  the  fpace  of  the  air  as  a  hundred  to  feven,  according  to  the  calcula¬ 
tion  of  Cruquius v 

22.  That  the  particles  of  water  are  abfolutely  incompreflible  has  been  And'mcom * 
abundantly  fliewn  by  the  experiments  of  the  academy  del  Cimento y  and  frejjibk. 
Du  Hamel  relates  that  a  golden  globe,  perfedly  filled  with  water,  could  not 

be  comprefled  :  on  the  other  hand,  M.  Colbert  ( c )  relates  that  a  fphere  of  lead, 
filled  with  water,  is  compreflible  by  the  hammer*,  and  the  Lord  Bacon ,  that 
a  fphere  of  tin,  being  filled  with  water,  and  ftrongly  comprefled,  water  fpirted 
out  of  it  at  a  hole,  purpofely  made  in  it.  Mr.  Boyle ,  and  Mr.  Stairs  fay,  that 
in  fuch  an  experiment,  water  was  projected  to  the  diftance  of  three  feet  y 
which  feems  to  contradid  the  Florentine  experiment.  But  here,  two  things 
are  to  be  regarded  y  and  firft,  that  air  might  eafily  infinuate  itfelf  in  the  filling 
of  thefe  veflcls  y  which,  coming  to  be  comprefled,  and  finding  vent,  might 
difeharge  the  water.  Secondly,  the  parts  of  the  metal,  fqueezed  by  the 
force,  might  endeavour  to  contrad  themfelves  upon  the  water  y  which, 
therefore,  would  fly  out  at  an  orifice  purpofely  made  :  fo  that  we  are  not 
from  hence  to  infer,  that  water  is  compreflible  or  elaftic.  We  may,  therefore, 
fafely  conclude,  that,  how  much  foever  the  weight  of  the  atmofphere  may 
vary,  water  is  not  more  or  lefs  comprefled,  or  rendered  more  or  lefs  denle 
thereby.  Hence,  it  is  a  wonderful  contrivance  of  the  author  of  nature, 
to  make  one  of  the  elements,  viz.  air,  almoft  infinitely  elaftic,  and  another, 
viz.  water,  unelaftic.  In  experiments  of  this  kind,  great  regard  muft  be  had, 
that  no  more  air  lodges  in  the  veflel  than  what  the  water  naturally  contains: 
fecondly,that  the  degree  of  heat  be  the  fame,  during  the  whole  time  of  the 
experiment  y  and,  thirdly,  that  the  air,  naturally  contained  in  water,  is  not 
there  elaftic,  unlefs  it  comes  to  be  expanded  w"  h  a  certain  degree  ol  heat  y 
which  drives  it  out  by  an  hydroftatical  force,  when,  as  in  making  a  vacuum, 

uniting 

(<r)  _M.  Colb.  Piiyf.  General,  part.  I.  p.  4. 
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uniting  with  fimilar  pa; tides,  it  acquires  an  elafticity  :  and  unlefs  thefe  cauti¬ 
ons  are  duly  obferved,  an  error  may  eafily  happen  in  making  the  experiments, 
23.  The  next  property  to  be  confidered  of  water,  is  its  great  limplicity  \ 
for,  when  perfe&ly  pure  and  elementary,  there  is  no  diverfity  in  its  parts, 
but  an  univerfal  famenefs :  and  we  have  juft  now  fhewn,  that  its  parts  are 
immutable  in  their  quantity,  figure,  denfity,  weight,  &c.  The  alchemifts, 
ever  attentive  to  this  great  fimplicity  of  water,  judged  that  all  bodies, 
efpecially  the  fimple  ones,  are  made  of  it  alone,  as  their  firft  matter,  by 
means  of  a  feminal  faculty  in  the  feed,  and  a  quickning  fire  ( d ).  Thus 
Paracelfus  (e)  fays  that  water  is  properly  an  element,  or  the  true  mother 
of  all  metals.  Helmont  inculcates  the  fame  dotftrine  thro*  all  his  works  (/) : 


( d)  With  regard  to  this,  Mr.  Boyle  ob- 
ferves,  that  he  fees  no  receffity  to  conceive, 
that  the  water  mentioned  by  Mofes,  on  which 
the  fpirit  is  faid  to  have  brooded,  as  the  uni¬ 
verfal  matter,  was  our  elementary  water ; 
flnce,  tho’  we  fhould  fuppofe  it  to  have  been 
an  agitated  congeries,  confiding  of  a  great  va¬ 
riety  of  feminal  principles,  and  of  other  cor- 
pufcles,  fit  to  be  fubdued  and  fafhioned  by 
them,  it  might  yet  be  a  body,  fluid  like  water, 
in  cafe  the  c©rpufcles,  it  was  made  up  of,  were, 
by  their  Creator,  form’d  fmall  enough,  and  put 
into  fuch  aCtual  motion,  as  might  make  them 
all  roll,  and  glide  on  one  another.  And  as  we 
now  fay  the  fea  confifls  of  water,  notwith- 
ftanding  the  faline,  terreftrial,  and  other  bo¬ 
dies,  mixed  with  it;  fuch  a  liquor,  as  the  for¬ 
mer,  might  well  be  called  water  ;  becaufe  that 
was  the  nearefl  of  the  known  bodies  whereto 
it  was  like.  But  that  bodies  may  be  fluid 
enough  to  appear  a  liquor,  and  yet  contain 
corpufcles  of  a  very  different  nature,  appears 
from  expofing  a  quantity  of  vitriol  in  a  ltrong 
veflel  to  a  competent  fire;  for,  tho’  it  contains 
aqueous,  earthy,  faline,  fulphureous  and  me¬ 
talline  parts,  yet  the  whole  mafs  will  at  firff 
be  fluid,  and  boil  like  water.  Scept.  Chem. 

Dr.  Lifer's  fentiment  is  not  very  remote 
from  this :  He  imagines  fea-water  to  have  been 
the  only  element  created  at  the  beginning, 
before  any  animal  or  vegetable;  or,-even. be¬ 
fore  the  fun  itfelf.  Frefh-water,  he  fuppofes, 
to  have  arofe  accidentally,  after  the  creation 
of  thefe  ;  and  to  owe  its  origin  to  the  vapours 
of  plants,  the  breath  of  animals,  and  the  exha¬ 
lations  raifed  by  the  fun.  De  Font.  Med.  Angl. 

Dr.  Halley  is  of  another  opinion  :  He  takes 
for  granted,  that  the  faltnefs  of  the  fea  arifes 
from  the  faline  matters  diflolved  and  imbibed 
by  the  rivers  in  their  progrefs.and  difcharged 
with  their  waters  into  the  ocean  ;  and  confe- 
quently,  that  the  degree  of  faltnefs  is  continu¬ 
ally  and  gradually  encreafing.  On  this  hypo- 
thefis,  he  even  propofes  a  method  for  deter¬ 
mining  the  age  of  the  world  ;  for,  two  ex¬ 
periments  of  the  degree  of  faltnefs,  made  at  a 


and 

large  interval  of  time,  will,  by  the  rule  of  pro¬ 
portion,  give  the  time,  wherein  it  has  been 
acquiring  its  prefent  degree.  Phil.  Pranf. 
N°.  344- 

Tho’  fpirit  of  wine  exquifltely  rectified, 
feems  of  all  liquors  the  molt  free  from  water, 
yet  even  this  is  by  Helmont  affirmed  to  be  ma¬ 
terially  water,  under  a  fulphureous  difguife; 
for,  according  to  him,  in  making  Paracelfus' s 
balfamus  famech  (which  is  nothing  but  fal  tar¬ 
tars  dulcified,  by  diftilling  fpirit  of  wine  from 
it,  till  the  fait  be  fufficiently  faturated  with 
its  fulphur,  and  till  it  fuffers  the  liquor  to 
be  drawn  off  as  ftrong  as  it  was  poured  on) 
when  the  fait  of  tartar,  from  which  it  is 
diftilled,  hath  retained  the  fulphureous  parts 
of  the  fpirit  of  wine,  the  reft,  which  is  in¬ 
comparably  the  greateft  part  of  the  liquor, 
will  turn  to  phlegm. 

‘  Corrofive  fpirits,  fays  Mr.  Beyle,  abound 
4  in  water ;  which  may  be  obferved,  by  en~ 
4  tangling,  and  fo  fixing  their  faline  parts,  as  to 

*  make  them  corrode  fome  proper  body ;  or 

*  elfe,  by  mortifying'  them  with  fome  con- 
‘  trary  fait, which  will  turn  them  into  phlegm.’ 
Boyle's  Scept.  Cbemif. 

4  All  birds,  jbeafts,  and  fifties,  infers, 
4  trees  and  vegetables,  with  their  feveral  parts, 
4  grow  out  of  water,  and  watry  tin&ures  and 
4  falts ;  and  by  putrefaction,  return  again  into 
4  watry  fubftances.  Water,  Handing  a  few 
4  days  in  the  open  air,  yields  a  tinCture  ; 
4  which  (like  that  of  malt)  by  Handing  longer, 
4  yields  a  fediment,  and  a  fpirit ;  but  before 
4  putrefaction,  is  fit  nourilhment  for  animals 
4  and  vegetables.  And,  among  fuch  various 
4  and  ftrange  tranfmutations,  why  may  not 
4  nature  change  bodies  into  light,  and  light 
4  into  bodies.’  Newton's  Optics,  p.  340,  iro. 

(e)  Archidox.  10.  chap.  3. 

{/)  Tho’  Helmont  produces  no  inftance  of 
any  mineral  body,  and  fcarce  of  any  animal, 
generated  of  water  ;  yet  a  French  chemift,  M. 
de  Roches ,  affords  us  an  experiment,  which, 
if  it  fucceeded,  as  he  delivers  it,  is  very  re¬ 
markable. 
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and  hence  they  affirm,  that  all  bodies,  being  perfectly  and  radically  refolved 
by  the  univerfal  folvent,  are  at  length  reduced  into  elementary  homogene¬ 
ous  water  *,  all  their  particular  feminal  virtue  being  abolifhed  (g).  But  this 
Teems  rather  a  traditionary  notion  than  matter  of  experience  ;  for  after  Mofes 
had  faid,  that  the  fpirit  of  God  brooded  upon  the  waters  in  the  firft  creation 
of  all  things,  the  antient  Phcenicians  made  water  the  principle  of  all  things  : 
the  fame  dcxftrine  was  afterwards  adopted  by  the  Egyptians  ;  and  from  them, 

Thales  brought  it  into  Greece  *,  from  whence  it  fpread  among  the  chemifts. 

Hence,  the  followers  of  Helmont  acknowledge  but  two  Ample  things,  viz . 
perfectly  pure  water,  and  perfectly  pure  quickfilver  ;  whilft  they  hold  fuch 
quickfilver  to  be  produced  from  water,  and  refolvable  into  it :  and  hence 
they  hold  water  to  be  the  univerfal  nutriment,  whereby  all  things  are 
nouriftied,  and  which  can  never  be  farther  changed  by  art,  but  only  by  the 
innate  power  of  the  created  feeds. 

24.  Another  property  of  water  is  its  mildnefs,  or  inoffenfive  nature  ;  this  Its  mildnejk: 
being  fo  great,  that  when  brought  to  the  fame  temperature  as  the  body  in 
health,  and  applied  to  any  part,  of  the  moft  exquifite  feeling,  it  is  fo  far  from 
giving  pain,  that  it  fcarce  produces  afenfation  different  from  that  of  the  natural 
healthy  juices  and  organs :  thus  it  gives  no  pain  to  the  eye  v  nor  proves 
difagreeable,  nor  yields  any  odour,  when  fnuffed  up  the  noftrils,  where  the 
nerves  lie  almoft  bare :  even  where  the  nerves  are  ftretched  by  an  inflamma¬ 
tion,  and  rendered  extremely  fenfible  of  pain,  warm  water  does  not  heighten 
it.  The  fame  holds  true  of  ulcers,  and  if  the  nerves  are  eatenr  or  laid 
bare,  by  ulcerated  cancers  :  where,  if  water  be  applied  warm,  it  mitigates 
the  pain*,  whereas,  almoft  every  thing  elfe  would  increafe  it.  Water  has 
neither  fmell,  tafte  nor  colour,  nor  renders  itfelf  fenfible  to  the  nerves  1 
it  is  the  mildeft  of  all  the  parts  of  the  animal  fluids,  not  excepting  oil 
itfelf,  which,  tho’  mild,  does  not  affe<5t  the  nerves  agreeably  *,  and  among 
all  the  principles,  feparated  by  art  from  the  animal  fluids,  water,  when 
pure,  is  the  mildeft  :  in  ftiort,  water  fufficiently  manifefts  its  want  of  acrimony, , 
by  its  diluting  whatever  is  fharp  in  the  human  body,  and  thus  rendering  it 

innocent.. 


markable.  c  Having,  fays  he,  found  furprifing 

*  things  from  the  natural  operation  of  water, 

*  I  was  willing  to  know  what  might  be  done 
‘■  with  it  by  art ;  I,  therefore,  took  pure  vva- 

*  ter,  and  by  a  heat,  artificial,  continual  and 

*  proportionate,.  I  prepared  and  difpofed  it 

*  by  coagulation,  congelation,  and  fixation, 

*  till  it  was  turned  into  earth  ;  and  produced 

*  animals,  vegetables  and  minerals.  The  ani- 
*■  mals  moved  of  themfelves,  eat,  &c.  and  by 
‘  the  anatomy  I  made  of  them,  I  found- them 

*  compofed  of  much  fulphur,  little  mercury, 

*  and  lefs  fait.  The  minerals  began  to  grow 

*  and  encreafe,  by  converting  into  their  own 

*  nature  one  part  of  the  earth,  thereto  dif- 
*•  pofed ;  they  were  folid  and  heavy.4 

For  the  generation  of  living  creatures,  both 

vegetable  and  fenfitive,  it  need  not  feera  in¬ 


credible  ;  fince  we  find  that  our  common 
water,  which  is  often  impregnated  with  va¬ 
riety  of  feminal  principles,  long  kept  in  a  quiet 
place,  will  putrefy;  and  then  too,  perhaps,  . 
produce  mofs  and  little  worms,  or  other  in¬ 
fers,  according  to  the  nature  of  the  feeds,  that 
were  lurking  in  it.  Boyle' s  fcept.  Chem. 

(g)  Helmont  affirms,  that  his  alcahek  ade¬ 
quately  refolves  plants,  animals,  and  minerals, 
into  one  liquor,  or  more,  according  to  their 
feveral  internal  differences  of  parts;  and  that 
the  alcaheft,  being  abftradled  from  thefe  li¬ 
quors,  in  the  fame  weight,  and  with  the  fame 
virtues  as  when  it  diffolved  them,  the  liquors 
may,  by  frequent  cohobations  from  chalk,  or 
fome  other  proper  matter,  be  totally  deprived 
of  their  feminal  endowments,  and  return  at 
laft  to  their  firft  matter,  infipid  water. 


Is  a  fulvtnt. 


For  frnple 
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innocent.  If  a  dram  of  oil  of  vitriol  was  to  be  fwallowed  upon  an  empty 
ftomach,  it  would  corrode  tire  mouth,  gullet  and  parts  adjacent;  but  if 
diluted  with  fix  pints  of  water,  it  might  thus  be  drank  with  fafety.  And 
the  like  holds  in  other  cafes.  Whence  warm  v/ater  is  defervedly  efteemed  by 
•phy.fieians  an  excellent  anodyne  ;  accordingly  it  (lands  recommended  by 
Hippocrates ,  as  a  proper  fomentation  in  violent  pains. 

25.  The  next  property  to  be  consider’d  of  water,  is  its  power  as  a  fob- 
vent  ;  whereby  it  diflolves  certain  bodies,  and  fuftains  them  in  a  fluid  form, 
uniformly  intermixed  among  its  own  particles.  The  bodies  thus  diflolved 
by  water,  are  the  following  ;  viz.  firft ,  Ample  foflil  falts,  both  fluid  and 
folid  ;  as  fal-gem,  fea-falt,  borax,  nitre,  fal-ammoniac  ;  and,  as  Hoffman  juftly 
obferves,  the  alcaline  fait  of  mineral- waters.  So  again,  it  diflolves  the  foflil 
acid  falts,  which  feldom  appear  in  a  folid  form,  but  commonly  in  that 
of  a  liquor ;  as  the  acid  fpirits  of  fulphur,  alum,  and  vitriol ;  which  three 
kinds  of  acids,  when  perfectly  purified  and  rectified,  fcarcely  differ  from  one 
another.  It  is  indeed  difficult  totally  to  feparate  v/ater  from  thefe  acids;  and 
if  this  was  done,  they  would  immediately  attradl  new  water  from  the  air, 
as  ftrongly  as  perfectly  dry  fixed  alcaline  falts:  but  if  the  water  be  well  fe- 
parated  from  them,  thefe  acids  may  for  fome  time  be  kept  in  the  cold, 
in  a  folid,  cryftalline  form  ;  tho’  they  run  by  attracting  the  moifture  of  the 
air,  or  upon  the  application  of  a  little  more  heat,  whereupon  they  diflblve 
like  ice  into  a  fluid.  The  other  Ample  foflil  acids  are  fpirit  of  nitre,  and 
fpirit  of  fea-falt,  which  always  remain  fluid  ;  becaufe  the  water  cannot  be 
feparated  from  them  :  they  being  fo  volatile  as  to  fly  off  with  the  degree  of 
heat  requiflt.e  to  the  feparation.  All  the  abovementioned  foflil  falts  are  dif- 
folvable  in  v/ater,  after  the  manner  juft  now  intimated. 

26.  But  there  are  feveral  remarkable  differences  in  the  manner  of  their 
folution ;  for,  the  acid  falts,  which  ufually  appear  in  a  liquid  form,  are  al¬ 
ready  fo  diluted  with  their  own  water,  as  conftantly  to  diflblve  in  any  quan¬ 
tity  of  water,  tho*  ever  fo  fmall ;  thus,  a  pound  of  oil  of  vitriol  may  be 
perfectly  diflolved  by  a  dram  of  water :  and  the  like  holds  true  of  all  the 
fluid  acid  falts  hitherto  known.  But  the  folid  foflil  falts  require  a  certain 
proportion  of  water  to  diflblve  them ;  for,  if  too  little  be  ufed,  only  a  part 
of  the  dry  fait  will  be  diflolved,  and  the  other  part  remain  folid  ;  but  when 
thefe  folid  falts  are  once  entirely  diflolved  in  their  due*  proportion  of  water, 
then  the  fait,  fo  diflolved,  may  be  farther  diflolved  or  diluted  in  any  fmaller 
or  larger  quantity  of  water.  And  this  is  a  remarkable  property ;  as  the  fo¬ 
lution  may  thus  be  continued  ad  infinitum  ;  whiift  a  proportionable  part  of 
the  diflolved  fait  (hall  always  remain  in  the  diflolving  water, 

27.  Let  it  be  here  obferved,  that  the  more  the  water  is  (hook  with  the  fait 
to  be  diflolved,  the  fooner  the  folution  is  performed,  and  the  more  of  the 
fait  taken  up,  and  vice  versa.  So  again,  hot  water  performs  the  folution 
quicker,  and  retains  more  fait  than  cold  ;  whence,  water,  heated  only  to 
thirty  two  degrees,  diflolves  the  (lowed,  and  retains  the  lead  quantity  of 
fait  ;  whiift  that  of  two  hundred  and  twelve  degrees, being  the  boiling  hi»t, 
fuddenly  diflolves  and  copioufly  retains  the  fait ;  and  fo  in  the  intermediate 
proportions.  Thus,  if  boiling- water  has  diflolved  as  much  fait  as  poflible, 
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c©d  then  be  fet  to  cool,  it  every  moment  lets  fall  fome  of  the  fait,  till  it 
comes  to  thirty  two  degrees  of  heat,  when  it  will  have  dropt  a  large  quan¬ 
tity  of  folid  fait;  and  if  now  expofed  to  a  freezing  cold,  it  lets  fall  ftiil  more, 
till  in  the  fharpeft  froft  of  all,  the  fait  will  be  almoft  totally  excluded,  and,- 
as  long  as  this  degree  of  cold  continues,  dick  undiffolved  to  the  ice  :  but 
the  firft  fait- water,  which  in  the  fharpeft  froft  expelled  the  fait,  that  ftiil 
fticks  to  the  ice,  will  much  fooner  melt,  by  reafon  of  the  fait,  than  the 
water  would  do,  if  pure.  For,  as  the  fait,  mixed  with  the  water,  prevents  its 
freezing,  fo  foon  as  pure  water ;  fo  in  the  fame  degree  of  heat,  the  fait  flick¬ 
ing  to  the  ice,  makes  it  thaw;  whereas,  without  this  fait  it  would  require  many 
more  degrees  of  heat,  before  it  turned  to  water.  Which  remarkable  property 
fhews,  that  falts  have  a  power  of  preventing  the  parts  of  water  from  con¬ 
creting  into  ice,  by  the  interpofition  of  their  own  particles  :  whence  it  is, 
that  fea-water  freezes  much  flower  than  frefh,  and  requires  a  much  greater 
degree  of  cold,  for  the  purpofe. 

27.  The  concretion  of  a  fait,  before  diflolved  in  water,  is  called  cryftalli- 
zation  ;  which,  therefore,  muft  be  performed  by  means  of  little  water,  reft, 
and  cold ;  for,  thefe  are  the  three  requilites  of  cryftallization. 

28.  Again,  we  find,  that  water  adts,  as  a  folvent,  much  quicker  upon 
one  fait  than  another ;  thus,  fal-gem  is  much  fooner  diflolved  than  borax. 

And  the  fame  water  will  diflolve  more  of  one  fait  than  another :  thus,  the 
fame  quantity  of  the  fame  water  diflolves  more  fal-gem  than  borax.  Water 
alfo,  when  it  has  diflolved,  as  much  as  it  can  of  one  fait,  will  yet  diflolve  a 
large  proportion  of  another,  without  letting  the  former  fall.  Thus,  if  water 
of  a  determinate  heat,  be  fully  faturated  with  fal-gem,  it  will  diflolve  a 
proportion  of  nitre,  yet  the  fal-gem  remain  diflolved  as  before ;  and  when 
faturated  with*  thefe,  it  will  yet  diflolve  fome  of  another  fait.  Hence  che- 
mifts  and  philofophers  have  an  opportunity  of  inquiring  farther,  than  has 
hitherto  been  done,  into  the  nature  of  water,  as  a  folvent  for  thefe  falts. 

29.  Again,  pure  water  diflolves  metallic  or  terreftrial  falts,  fuch  as  all  the  Compound 
vitriols  made  from  metals  diflolved  by  acid  falts  ;  whether  thefe  acids  be  o {fojjil  falts. 
the  foflil  kind,  as  in  vitriol  and  alum,  or  of  the  vegetable  kind,  as  in  ver- 
digreafe.  For,  it  is  plain  from  chemical  experiments,  that  all  thefe  vitriols 

are  made  by  an  acid  fait,  diflolved  in  water,  and  a  metal,  diflolved  in  a  certain 
manner  and  a  certain  proportion,  fo  as  together  to  form  a  cryftalline  glebe  ; 
and  all  thefe  fubftances  are  diflolved  in  water  after  the  manner  above- 
mentioned. 

30.  Water,  likewife,  has  the  power  of  diflolving  animal  and  vegetable  Animal  and, 
falts,  both  native  and  artificial ;  whether  they  be  acid,  auftere,  faline,  al-  vegetable 
caline,  compound,  ammonial,  fixed,  volatile,  half-fixed,  Ample,  or  com- 

bined  with  oil  ;  and  this,  whether  obtained  by  fermentation,  putrefadlion, 
or  calcination  :  tho*  it  diflolves  them  with  the  differences  above-mentioned, 
and  tartar  with  more  difficulty  than  the  reft. 

31.  To  illuftrate  this  general  dodtrine  by  experiments;  ( 1 )  Put  an  ounce  Sbenun  by  ex- 
of  fair  water  into  a  glafs  phial,  let  fall  into  it  four  drops  of  rectified  oil  of  percents. 
vitriol,  {hake  them  together,  and  the  liquor  will  prefently  become  uniformly 

acid  in  all  its  parts.  (2)  Take  an  ounce  of  rectified  oil  of  vitriol,  let  fall 
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into  it  four  drops  of  fair  water,  fhake  them  together*,  and  thus  alfo, 
the  Jiquor  will  become  equally  acid  throughout :  whence  it  appears, 
that  acid  falts,  being  mixed,  with  more  or  lefs  water,  are  equably  di¬ 
vided  thereby  and  united  therewith.  (3.)  Put  half  an  ounce  of  dry  fea-falt 
to  an  ounce  of  water,  ftir  them  together  *,  and  part  of  the  fait  will  be  dif- 
folved,  whilft  the  other  part  remains  undifl'olved  at  the  bottom.  (4).  To 
a  ftrong  brine  of  fea-falt,  add  any  quantity  of  fair  water,  and  they  will 
both  be  uniformly  diflolved.  (5.)  If  the  fame  experiments  are  made  with 
nitre,  fal-gem,*  borax,  fal- ammoniac,  fait  of  tartar,  the  alcaline  volatile  fait 
of  fal-ammoniac,  alum,  or  vitriol,  the  effecft  will  be  the  fame,  as  in  the  third 
and  fourth  experiments:  whence  we  fee,  that  thefe  falts  always  require  a 
certain  determinate  proportion  of  water  to  diflolve  them  perfectly  *,  and  can¬ 
not  diflolve  folid  falts  but  In  a  limited  proportion.  Obferve,  that  all  the 
flits  ufed  in  thefe  experiments  are  to  be  well  dried,  and  reduced  to  fine 
powder.  If  acid  falts  could  be  deprived  of  all  their  water,  it  is  probable 
that  the  parts,  now  united  in  a  folid  form,  would  require  a  certain  deter¬ 
minate  proportion  of  water  and  heat  to  render  them  fluid;  thus,  highly 
rectified  oil  of  vitriol  frozen  into  folid  cryftals  by  cold,  requires  a  certain 
proportion  of  water  to  prevent  its  cryftallizing ;  for,  if  diluted  with  water, 
it  will  not  cryftallize  in  the  fevereft  cold :  and  without  the  afliftance  of 
violent  cold,  we  fhall  fcarce  meet  with  another  inftance  of  a  pure  acid  fait 
in  a  folid  form.  Hence  it  is  commonly  fuppofed,  that  acids  may  always  be. 
diluted  by  a  fmall  proportion  of  water ;  which,  however,  fhould  be  under- 
flood  with  caution,  according  to  what  we  have  now  feen. 

32.  To  three  ounces  of  pure  diftilled  water  put  nine  drams  of  fea-falt 
if  the  water  be  fuffered  to  red,  the  fait  will  diflolve  flowly,  yet  totally  ;  but 
if  brifkly  fhook  together,  it  will  foon  perfectly  diflolve:  add  the  fame  quan¬ 
tity  of  fait  to  the  fame  quantity  of  water,  and  apply  the  glafs  to  the  fire 
thus,  the  fait  will  diflolve  much  fooner  than  in  the  cold.  To  twelve  ounces 
of  diftilled  water  put  five  ounces  of  fea-falt ;  boil  them  together,  and  the 
fait  will  diflolve  :  now  add  a  little  boiling  water,  that  the  weight  of  the  mix¬ 
ture  may  be  the  fame  as  at  the  firft  ;  thus,  the  fait  will  remain  perfectly 
diffolved"  in  this  degree  of  heat.  Cover  the  veffel  clofe,  and  fet  it  to  cool  ;  in 
cooling  the  fait  will  concrete,  from  the  boiling  point  down  to  thirty-two  de¬ 
grees,  the  brine  being  here  made  as  ftrongas  poflible,  and  dropping  more  and 
more  fait  every  moment  in  the  cooling :  whence  we  learn,  that  water  will 
diflolve  a  larger  proportion  of  fait  in  fummer  than  in  winter  ;  and  more  in  a 
warm  climate  than  in  a  cold  one.  And  fince  putrefaction,  ceteris  -paribus , 
is  as  the  heat  of  the  climate,  more  fait  fhould  be  ufed  to  prevent  this  ef¬ 
fect  in  a  warm  climate  than  in  a  cold  one.  Boiling  water,  therefore,  dif- 
folves  as  much  fait,  as  it  poflibly  can  ;  and  near  the  point  of  freezing,  as 
little  as  it  can :  but  when  turned  to  ice,  by  a  cold  increafing  to  the  firft: 
degree  of  the  thermometer,  it  has  now  thrown  out  fome  fait  in  every  de¬ 
gree  of  the  increafe,  fo  as  to  retain  very  little  in  the  ftrongeft  poflible  natural 
cold :  which  fhews,  that  there  is  a  certain  native  force  in  the  particles  of 
water,  whereby,  with  the  afliftance  of  heat,  they  may  be  fo  feparated  from 
one  another,  as  to  let  particles  of  fait  lodge  in  their  interftices ;  and  whilft 
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the  heat  decreafes,  and  the  water  is  left  more  to  its  own  nature,  its  particles 
have  a  power  of  attracting  one  another  fo  clofely,  as  to  leflen  thefe  interfaces  •, 
fo  as  that  falts  can  no  longer  lodge  therein,  but  muft  be  expelled  from  their 
places,  as  the  water  freezes  ftronger .  Whence,  again,  it  is  plain,  that  the 
power,  by  which  water  dilfolves  falts,  depends  in  part  upon  the  fait  and  the 
water,  and  in  part  upon  the  quantity  of  fire  applied  to  both :  whence  I  in-  v 
fer,  that  it  cannot  be  determined,  what  proportion  of  fait  is  diffolvable  in 
water,  unlcfs  at  the  fame  time  it  be  precisely  afcertained,  what  degree  of 
heat  was  applied  in  the  folution  *,  for,  it  is  certain,  that  water,  unaffifted  by 
heat,  i.  e.  ice,  can  difiolve  no  fait  at  all.  But  here  it  is  remarkable,  that 
fait,  mixed  with  powdered  ice,  thaws  it,  and  at  the  fame  time  produces  a 
great  degree  of  cold  ;  as  every  where  appears,  but  principally  in  Fahrenheit's, 
experiments,  mentioned  in  our  chapter  of  fire :  whence  it  follows  that  fait 
has  a  power  of  heating  the  coldeft  bodies ;  and  this,  by  expelling  cold  from 
them,  into  the  adjacent  parts. 

33.  Whilft  the  thermometer  flood  at  thirty- eight  degrees,  I  took  two 
ounces  of  pure  dry  lea-falt,  reduced  to  fine  powder,  and  found  it  diflolve 
in  fix  ounces  and  three  drams  of  pure  diftilled  rain-water  ;  whereby  I  learnt 
4:hat  four  parts  of  fal-t  required  thirteen  of  water  to  diflolve  it:  an  ounce 
of  fid-gem,  prepared  in  like  manner,  took  three  ounces  and  two  drams  of 
the  fame  water  to  diflolve  it;  which  again,  is  as  four  to  thirteen  :  an  ounce  of 
pure  dry  fal-ammoniac,  reduced  to  powder,  took  three  ounces  and  two 
drams  of  the  fame  water  to  diflolve  it :  nine  drams  of  pure  dry  nitre,  re¬ 
duced  to  powder,  diflolved  in  fix  ounces  of  the  fame  water :  half  an  ounce 
of  dry  borax  required  upwards  of  ten  ounces  of  water  to  diflolve  it  per- 
fetftly  :  an  ounce  of  alum  diflolved  in  fourteen  ounces  of  water  :  an  ounce  of 
Epfom  fait  diflolved  in  an  ounce  and  two  drams  of  water :  an  ounce  of  fait 
of  tartar  diflolved  in  an  ounce  and  half  of  water  :  three  ounces  of  water  dif- 
folved  half  an  ounce  of  tartarum  vitriolatum,  by  long  fhaking  :  three  ounces 
of  water  diflolved  a  dram  and  half  of  the  common  green  vitriol,  by  long 
Ihaking.  Whence  we  fee  that  different  falts  require  a  very  different  pro¬ 
portion  of  water  to  diflolve  them,  and  that  fome  falts  diflolve  quicker  than 
others  ;  thofe,  which  fpontaneoufly  run  in  the  open  air,  diflolve  very  foon, 
and  in  a  fmall  proportion  of  water  ;  as  Teeming  to  be  more  attra&ive,  and 
therefore  more  obftinately  retain  their  water  over  the  fire  :  thus,  fait  of  tartar, 
and  oil  of  vitriol,  cannot  be  deprived  of  their  water  without  a  ftrong  heat. 

34.  In  a  faturated  folution,  made  with  three  ounces  and  two  drams  of  wa¬ 
ter  to  an  ounce  of  fea-falt,  being  the  utmoft  it  would  take  up,  I  put  half  a 
dram  of  nitre,  and  found  it  diflolved :  to  another  faturated  folution,  with 
fix  ounces  and  of  water  to  an  ounce  of  nitre,  being  the  utmoft  it  would 
retain,  I  put  4-  an  ounce  of  fea-falt,  and  found  it  diflolve  perfectly  j  and 
thus  brines  made  of  fea-falt,  fal-gem,  fal-ammoniac,  nitre,  and  borax,  may 
be  perfedly  mixed  together. 

35.  It  is  obfervable,  that  before  metallic  vitriols  are  diflolved  in  water, 
they  cannot  be  perfectly  dried  without  changing  their  nature  •,  and  when  dif- 
folved,  they  conftantly  let  fall  much  ochre  to  the  bottom  :  fo  that  by  re¬ 
peated  folution  and  cryftallization  of  vitriol  in  water,  all  the  vitriol  is  at 
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length  turned  into  ochre,  and  an  unduous  liquor,  that  cannot  eafily  be  dried: 
whence,  the  eafier,  the  quicker,  and  with  the  lefs  water,  fome  falts  are  dif- 
folved,  the  ftronger  they  Teem  to  retain  their  water.  There  is  alfo  fomething 
particular  in  the  folution  of  metals  by  water :  for,  certain  falts  are  required 
to  diffolve  them  ;  and  when  they  are  diffolved  into  cryftals  of  vitriol,  they 
then  eafily  and  perfectly  diffolve  in  water,  fo  long  as  thefe  cryftals  retain 
the  fait,  which  is  the  folvent  to  the  metal  ;  but  when  this  faline  folvent  is 
wanting  in  the  vitriols,  water  will  fcarce  diffolve  them  at  all,  but  fuffers  the 
metallic  matter  to  precipitate  •,  but  when  the  metal  is  previoufly  diffolved 
by  its  own  folvent  fait,  it  readily  yields  to  water,  and  may  thus  by  a 
gentle  exhalation  be  reduced  to  cryftals  •,  wherein  the  metal,  its  folvent, 
and  pure  water,  always  concur  in  a  certain  proportion.  By  which  method, 
metals  are  rendered  potable ;  and  ad  in  the  body  according  to  the  nature 
of  the  acid  which  diffolved  the  metal,  and  ftill  adheres  thereto ;  as  well 
as  according  to  the  nature  of  the  metal  itfelf,  which  in  each  metal  is  pe¬ 
culiar  ;  fo  that  the  adion  of  vitriols  depends  upon  thefe  two  principles,, 
united  with  water :  and  of  this  kind  are  the  vitriols  of  gold,  lead,  filver, 
copper,  iron,  and  tin. 

3 6.  But  this  rule  does  not  extend  to  all  the  femi-metals,  which,  tho9 
firft  diffolved  in  their  acid  folvents,  fo  as  to  appear  in  a  faline  form,  can¬ 
not  therefore  be  diluted  with  water,  like  the  falts  of  true  metals.  Thus,  pure 
regulus  of  antimony  perfedly  diffolved  in  the  redify’d  fpirit  of  fea-falt,  ad¬ 
hering  to  the  mercury  fublimate  in  the  diftillation  of  butter  of  antimo¬ 
ny,  is  a  true  vitriolic  fait,  made  by  the  regulus  diffolved  in  fpirit  of  fea- 
falt :  whence  one  might  fufped  that  this  butter  would  diffolve  in  water; 
but  on  the  contrary,  as  foon  as  water  touches  it,  the  acid  folvent  quits 
the  regulus,  mixes  with  the  water,  and  lets  fall  the  metallic  calx  entire: 
whence  the  general  rule  is  to  be  limited,  or  not  extended  beyond  its  proper 
bounds. 

37.  Water  diffolves  alcohol,  tho9  not  fpontaneoufly,  but  by  being  fhook 
therewith*,  for,  otherwife  water,  being  gently  poured  into  alcohol,  paffes 
thro’  it  to  the  bottom,  the  alcohol  floating  at  the  top;  nor  does  the  water 
diffolve  it  readily  by  little  fhaking,  but  it  ftill  remains  difperfed  in  unduous 
veins  thro’  the  body  of  the  water  ;  tho’  by  continued,  fhaking  they  per¬ 
fedly  unite  :  as  alcohol,  therefore,  is  a  pure  vegetable  oil,  produced  by  a 
perfed  fermentation,  its  nature  is  thus  changed,  fo  as  not  only  to  burn  in 
the  fire,  but  to  mix  with  water.  Whence  we  learn,  that  oils  themfelves, 
being  thus  changed,  may  perfedly  unite  with  water;  but  the  fooner  and 
the  eafier,  if  they  be  firft  previoufly  diffolved  with  a  proportion  of  water; 
for,  common  brandy  mixes  eafier  than  pure  alcohol  with  water. 

38.  But  it  is  to  be  remarked,  that  water,  perfectly  faturated.  with  diffolved 
falts,  cannot  be  mixed  with  alcohol,  tho’ ever  fo  violently  fhook  together;, 
but  on  the  contrary,  they  repel  each  other  more  ftrongly  than  any  other 
known  liquors.  Thus  if  oil  of  tartar  -per  deliquium,  put  to^  pure  alcohol, 
be  ever  fo  violently  fhook  together,  they  immediately  fepara'te  upon  {land¬ 
ing;  the  alcohol  totally  rifing  to  the  top,  and  the  other  falling  to  the  bottom  : 
and  even  boiling  will  not  make  them  unite  in  any  meafure. 
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39.  But  here  we  are  to  obferve,  that  if  water  be  faturated  with  a  fait  Water  in 
thateafily  feparates  from  it,  alcohol  will  diffolve  the  water,  and  the  fait  fome  ca-^s 
fall  to  the  bottom.  Thus,  if  to  a  faturated  folution  of  Epfom  fait  in  water,  w  leaves*  * 
alcohol  be  poured,  and  the  veffel  fhook,  the  mixture  will  grow  opake,  white,  the  fait, 
turbid,  and  let  fall  the  fait'  in  little  cryftals.  So  again,  in  making  the  off  a 
Helmomii ,  where  water  is  faturated  with  the  alcaline  volatile  fait  of  fal-am- 

moniac,  if  an  equal  quantity  of  pure  cold  alcohol  be  added,  and  the  liquors 
be  fhook  together,  they  inftantly  form  a  white,  folid  mafs  *,  from  whence  a 
little  water,  that  was  attracted  by  the  alcohol,  is  foon  afterwards  feparated. 

40.  Water  has  alfo  this  remarkable  property,  that  if  mixed  with  alcohol,  Water  dif- 
wherein  a  diftilled  oil  is  diffolved,  it  feparates  the  oil  from  the  alcohol,  oih  ro- 
Thus,  if  oil  of  cinnamon  be  diffolved  in  pure  alcohol,  and  water  be  let  fall J jins, and  camr> 
into  this  folution,  the  mixture  prefently  becomes  white  and  opake,  tho’  it  pbire. 

was  perfe&ly  pellucid  before,  and  the  oil  feparates,  and  gathers  together : 
whence  it  appears,  that  water  unfits  alcohol  for  diflolving  thefe  oils  ;  that 
alcohol  eafier  unites  with  water  than  with  them  ;  and  laftly,  that  the  oils, 
diffolved  in  alcohol, .  fliil  remain  oils,  tho*  at  the  time  they  do  not  appear 
as  oil,  but  fpirit. 

41.  Rofins  alfo  totally  diffolvein  alcohol :  but  if  water  be  added  to  the  fo-  ^ofuis,  • - 
lution,  the  liquor  immediately  becomes  white,  and  the  rofin  is  reflored.  The 
rofin,  thus  once  diffolved  in  alcohol  and  precipitated  by  water,  may  be  dif* 
folved  again,  and  precipitated  as  before,  fo  often  as  one  pleafes ;  as  I  have 
learnt  by  numerous  repeated  folutions  in  the  rofin  of  fcammony.  Camphire 

has  been  efteemed  a  fpecies  of  rofin,  but  no  other  rofin  will  totally  fublime 
in  a  dry  form,  and  without  buffering  a  change  in  its  parts ;  in  which  refpedr, 
therefore,  this  differs  from  all  other  rofins  :  yet  it  perfectly  diffolves  in  alco¬ 
hol,  as  other  rofins  do,  and  by  the  addition  of  water  is  perfectly  recoverable 
from  thence  in  the  form  of  true  folid  camphire.  -  Hence,  therefore,  we  fee, 
that  water  attracts  fait  of  tartar  ftronger  than  it  does  alcohol  ;  and  attracts  ; 
alcohol  ftronger  than  that  attradls  oils,  rofins,  and  camphire'. 

42.  Again,  water  perfectly  diffolves  all  faponaceous  bodies,  whether  na-  J)ijfohesfa- 
tural  or  artificial,  fixed  or  volatile  ;  for,  all  foaps  are-  an  intimate  mixture  ponaceous  ho¬ 
of  oil  and  alcaline  fait,  fo  as  to  diffolve  in  water  uniformly,  without  ma-  dies' 
nifefting  any  figns-  of  the  oil  and  fait  feparately.  4And  it  is  a  peculiar  pro¬ 
perty  of  thefe  foaps,  that,  when  intimately  mixed  with -oils  or  un&uous  bo¬ 
dies,  rofins  or  rofmous  bodies,  gums  or  gummy  bodies,  -  gummy- rofins,  and 
tenacious  bodies  compofed  of  thefe,  they  render  them  mifcible  with  water,  , 

and  thus  dilute  and  wafli  them  away  :  fo  that  water  not  only  diffolves  true 
foaps,  but  alfo  by  the  admixture  of  foap  acquires  a  power  of  diffolving  fuch.  . 
things,  as  water  would  not  diffolve :  whence  the  power  of  water,  as  a  fol- 
vent,  is  greatly .  increafed  by- foap.  i 

43.  But  to  render  oils  mifcible’ with  water,  is  a  more  laborious  fecret,  And atte* .• 
which  artifts  ufually  conceal ;  but  if  an  effential  oil  be  long  and  properly  nuated  oik,  *.■ 
digefted  with  pure  alcohol,  and  intimately  united  therewith  by  repeated 
diftillation,  a  confiderable  part  of  the  oil  -  will  be  fo  attenuated  and  united  . 

to  the  alcohol,  as  that  both  together  may  be  mixed  with  water,  fo  as  to  „ 

'afford  a  noble  remedy  for  recruiting  the  fpirits,  and  fcarce  to  be  equalled  by 

any  y 
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any  other  contrivance  ;  as  by  its  acquired  fubtilty  and  penetrating  virtue  it 
is  thus  rendered  capable  of  infinuating  itfelf  into,  and  adting  throughout  the 
whole  frame  of  the  body. 

44.  It  would  fcarce  be  fufpe<5ted,  that  water  diffolved  air,  unlefs  we  had 
proved  it  in  cur  chapter  of  air  ;  tho*  it  does  this  only  in  a  certain  degree 
and  manner,  whilft  the  air,  thus  difl'olved  and  lodged  in  the  interftices  of 
the  water,  is  no  longer  air  in  the  fenfe  it  was  before :  hence,  in  this  re- 
fpedt,  water  difiolves  air,  as  it  does  falts,  i.  e.  fo  that  the  Angle  particles  re¬ 
main  in  the  interftices  of  the  water  ;  but  as  foon  as  all  the  air  is  feparated 
from  the  water  by  froft,  by  taking  off  the  weight  of  the  atmofphere,  by 
fire,  the  fun,  or  the  admixture  of  any  other  bodies,  immediately  as  much 
other  air  is  imbibed  by  the  fame  water,  as  was  difcharged. 

45.  Laftly,  water  may,  fecondarily,  diffolve  many  terreftrial  bodies,  which 
refirial bodies  of  themfelves  would  not  diffolve  therein  ;  thus  the  fhells  of  fhell-flfh,  fnails, 
if  prepared.  crabs.eyes?  the  bones,  and  ftony  concretions  of  animals,  &c.  being  flrft  dif- 

folved  in  their  proper  fol  vents,  may  afterwards  be  totally  diffolved  in  water; 
the  fame  may  be  faid  of  chalk,  coral,  pearls,  mother-of-pearl,  calcined  ftones, 
flint,  &c. 

46.  It  may  be  difficult  to  affign  the  limits  of  the  diffolving  power  of  water, 
for  want  of  having  it  perfe&ly  pure,  without  the  leaft  admixture  of  fait ;  as 
many  things  may  be  diffolved  by  the  latent  virtue  of  falts,  that  are  unjuftly 
attributed  to  the  power  of  water  alone:,  this  difficulty  attends  metals  in  par¬ 
ticular  ;  as  iron,  watered  with  pure  rain,  turns  to  ruft,  and  copper  to  verdi- 
greafe.  Langclotte  afferts,  that  gold  may  be  totally  diffolved  by  bare  tritura¬ 
tion  ;  and  Homberg  declares,  that  all  the  metals,  even  gold  itfelf,  may  be 
perfectly  diffolved,  rendered  potable  and  medicinal,  by  a  long  continued 
triture  with  fair  water;  but  as  thefe  triturations  were  performed  in  laborato¬ 
ries,  where  the  air  was  impregnated  with  all  kinds  of  volatile  falts,  I  have 
fufpedled,  that  thefe  folutions  were  owing  to  fuch  falts ;  the  rather,  becaufe 
the  triturations  were  continued  for  months  together:  fo  that  tho’  the  falts  in. 
the  air  were  few ;  yet  that  great  length  of  time  might  give  them  fuffi- 
cient  opportunity.  The  ancient  Hermetic  philofophers  allowed  indeed,  that 
all  things  proceeded  from  and  were  refolvable  into  water,  as  if  this  was  the 
univerfal  menftruum  ;  but  they  have  not  delivered  the  experiments  upon 
which  they  build  this  dodtrine.  Water  does  not  diffolve  pure  earth,  freed 
from  all  adhering  fait  or  fulphur  ;  it  does  not  diffolve  glafs,  cryftals,  gems, 
nor  the  perfectly  Ample  ftones  nor  bodies,  chiefly  compofed  of  thefe.  Whence 
we  infer,  that  water  is  not  an  univerfal  folvent,  but  that  its  power  is  reftrained 
to  the  bodies  above-enumerated. 

Infmuate: into  47.  After  feeing  thefe  properties  of  water,  it  is  eafy  to  underftand,  that  it 

the  pores  of  may  readily  inflnuate  itfelf  into  the  invifible  and  extremely  fmall  pores  of 
inaeafe  ‘their  numerous  compound  bodies  ;  for  being  ponderous,  and  conftfting  of  very 
weight  and*  fine  parts,  their  great  lubricity  and  feparability  will  caufe  it  to  enter  eafily 
bulk.  into  the  fmalleft  fpaces  :  then  again,  its  great  diffolving  power,  with  refpedt 

to  fo  many  bodies,  enables  it,  in  numerous  cafes,  to  foften  or  wafh  away  : 
the  matter  that  obftrudts  their  pores,  and  thus  gain  entrance ;  and  this 
the  rather,  as  its  ultimate  particles  are  folid  and  unchangeable :  whence 

they 
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they  have  alfo  a  mechanical  power  of  difiblving  ;  befides  the  particular  one, 
arifing  from  their  contractile  and  expanfive  force. 

48.  When  water  therefore,  by  this  means  infinuates  itfelf  into  the  fm all 
pores  of  fuch  bodies,  and  thence  penetrates  their  whole  fubftance,  it  muff: 
needs  increafe  their  weight  by  the  addition  of  its  own  fubftance ;  which  in 
fome  cafes  is  very  confiderable,  where  the  bodies  attraCl  ftrongly,  as  almoft 
ail  falts  do  ;  efpecially,  the  fixed  alcaline  kind  ;  as  likewife  foaps  and  many 
folid  bodies.  So  that,  merchants  fell  many  of  their  commodities  to  advantage, 
by  weight  in  a  moift  cold  feafon,  which  they  had  bought  in  a  warm  and 
dry  one.  Chemifts,  in  like  manner,  have  been  deceived  by  afcribing  great 
increafes  and  decreafes  in  the  weight  of  bodies  to  wrong  caufes,  whilft  the 
effedt  was  intirely  owing  to  the  water  inherent  in  them. 

49.  But  whilft  water  thus  increafes  the  weight  of  bodies,  it  alfo  expands 
them  ;  for  it  aCts  not  barely  by  filling  up  the  vacuities,  but  alfo  by  dilating 
the  folid  particles  of  bodies,  or  letting  them  farther  afunder  ;  as  we  learn  by 
numerous  experiments,  and  particularly  by  that  curious  one  of  the  academy 
del  Cimento  (b J,  which,  becaufe  the  book  is  fcarce,  we  will  here  relate. 

50.  They  procured  two  cones  to  be  made,  one  of  fteel  A  B,  which  was  See  plate- . 
folid  and  divided  into  a  fcale  ;  the  other  of  wood,  which  was  hollowed,  z' 

fo  that  when  dry,  its  internal  cavity  exactly  fitted  the  external  furface  of  the 
fteel  one  A  B  :  but  this  hollow  cone  of  wood,  being  plunged  into  water  and 
penetrated  thereby,  fwelled  fo,  internally,  that  the  fteel  cone  A  B  could  not 
now  enter  its  cavity.  Again,  the  cone  of  wood  C  D,  which  when  dry  ex¬ 
actly  fitted  into  another  hollow  cone,  being  moiftned  with  water,  fwelled 
fo,  externally,  as  not  to  enter  the  cone  it  entered  before:  whence  we  have 
an  ocular,  mechanical  demonft  ration,  that  wood  penetrated  by  water,  is  ex-  . 
panded  in  all  its  dimenfions  *,  and  hence,  furprifing  effeCts  may  arife  from 
water  infinuating  itfelf  into  dry  bodies. 

51.  When  once  water  is  intimately  mixed  with  other  bodies,  far  removed  Concretes 
from  an  aqueous  nature,  it  may  concrete  with  them  in  a  furprifing  manner;  ™lffalin* 
fo  that  one  would  not  fufpeCt  water  to  be  in  them  :  thus,  for  example,  if 

three  pounds  of  fea- fait  be  decrepitated,  and  almoft  fufed,  then  reduced  to 
powder,  and  mixed  with  thrice  its  weight  of  bole,  it  will  by  diftiilation  in 
a.  ftrong  fire,  afford  fame  ounces  of  a  ftrong  fpirit  of  fea-falt,  which  after 
M.  Romberg's  method,  may  be  feparated  into  water  and  acid  fait,  by  means 
of  chalk,  which  concentrates  the  acid.  Thus,  a  kind  of  elementary  water  may 
be  obtained  from  fait,  after  the  highcft  degree  of  calcination  might  well  be. 
thought  to  have  feparated  all  water  from  it;  but,  it  feems,  that  the  Water 
here  was  fo  clofely  united  to  the  particles  of  the  fait,  as  not  to  be  feparated 
but  by  the  utmoft  violence  of  fire.  The  like  holds  ’true  alfo  of  fal  gem,, 
fpring-falt,  and  nitre:-  even  alum  and  vitriol,  reduced  to  perfectly  dry  pow¬ 
ders  by  calcination,  yield  acid  fpirits  upon  diftiilation,  which  may  after¬ 
wards  be  feparated  into  a  large  proportion  of  water,  and  a  fmall  one  of 
acid  fait. 

52.  Dry  fulphur  contains  much  w7ater  ;  for,  in  burning  it  yields  an  acid  Withfu’fhun. 
fpirit,  which  may  be  feparated  into  pure  water  and  an  acid  like  rectified  oil 

of 
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•  of  vitriol :  confequently,  the  acid,  which  when  united  to  a  vegetable  oft 
makes  fulphur,  contains  true  water,  that  enters  the  compofition  of  fulphur  i 
fo  that  the  perfe&ly  dry  and  combuftible  body  of  fulphur,  has  water  for  a 
conftituent  principle.  I  acknowledge  that  the  water  concealed  in  ol.  fulph, 
per  campanam ,  may  in  part  proceed  from  the  air  whilft  the  fulphur  is  burn¬ 
ing  ;  becaufe  more  fpirit  is  obtained  by  this  operation  in  a  moift  air.  At 
the  fame  time  we  fee,  that  oil  of  vitriol  and  of  fulphur  constantly  contain 
water  ;  and,  therefore,  fince  oil  of  vitriol  enters  the  compofition  of  ful¬ 
phur,  water  alfo  mult  enter.  Whence  we  infer,  that  water  enters  the  com¬ 
pofition  of  all  fulphurs  and  falts,  lies  concealed  in  them,  and  may  be  thence 
forced  out. 

With  ter -  53.  It  feems  more  improbable,  that  the  foft  and  fluid  body  of  water 

refrial  bodies.  Should  enter  the  compofition  of  the  hardeft  and  dry  eft- bodies,  and  adhere 
fo  Strongly  to  them  as  to  manifest  no  figns  of  its  being  there,  nor  be  fe- 
parable  from  them,  till  forced  away  by  extreme  violence  of  fire ;  tho*  even 
by  this  means,  we  cannot  be  affined  that  all  the  water  is  driven  from  them : 
for,  the  ultimate  particles  of  water,  being  folid,  ponderous,  incompreffible, 
and  immutable,  and  having  once  firmly  fixed  themfelves  in  other  bodies, 
are  fo  riveted  thereto,  as  fearce  to  be  feparated  again  by  any  art  or  force. 
This  peculiar  property  of  water  we  have  already  considered,  at  our  entrance 
upon  the  prefent  chapter  ;  where  we  faw  how  univerfally  it  contributes  in 
nearly  all  the  works  of  nature :  we  next  proceed  to  Shew,  that  the  hardeft 
and  moft  ponderous  bodies  principally  owe  the  cohefion  of  their  parts  to 
water  alone,  which  here  ads  as  the  ftrongeft  glew  in  nature. 

54.  When  alabafter  is  calcined  to  a  lime,  it  becomes  a  light,  foft  and 
fine  powder  •,  but  if  mixed  with  a  proper  quantity  of  water  into  a  foft  pafte, 
it  immediately  acquires  a  ftony  hardnefs,  and  with  difficulty  lets  go  its 
water :  fo  potter’s  clay,  being  baked  and  reduced  to  an  impalpable,  loofe 
powder,  then  mixed  with  water  into  a  pafle,  and  baked  in  a  potter’s  kiln, 
it  thus  makes  pottery,  of  a  ftony  hardnefs,  capable  of  holding  water:  un- 
derftand  the  like  of  lime-ftone,  and  the  Shells  of  fiffi.  Sand  and  lime  will 
not  ftick  together,  but  with  water  they  make  mortar,  wherein  bricks  being 
laid,  it  will  laft  for  ages  •,  as  we  fee  in  buildings :  fo  in  the  making  of  glews 
from  ftarch,  meal,  animal- fk ins,  and  fiffi,  water  is  a  neceflary  ingredient. 
All  thefe  inftances  considered,  the  chemifts  feem  to  have  been  right  in  aSTert- 
ing,  that  water  concretes  with  the  hardeft  bodies.  This  with  me  is  a 
principal  and  grand  property  of  water,  that  deferves  to  be  well  confidered 
by  chemifts.  Who  would  have  fufpeded  that  water  Should  concrete  with 
the  primary  particles  of"  bodies,  conned  them  with  one  another,  and  thus 
contribute  to  the  fubftance  of  all  things  ? 

With  the  folid  55-  -Again,  h  appears  that  the  dryeft  and  hardeft  parts  of  animals,  as  the 

parts  of  ani-  hair,  nails,  horns,  teeth,  bones,  ivory,  &c.  acquire  their  requifite  hardnefs 
tnals.  by  the  acceffion  of  water  ;  for,  if  any  of  thefe  fubftances,  tho*  kept  fo  long 

as  to  become  extremely  dry,  be  diftilled  in  a  glafs  retort,  with  a  violent 
fire,  their  greateft  part  will  prove  to  be  volatile,  and  only  a  fmall  part 
remain  fixed:  but  the  volatile  part  is  almoft  totally  liquid,  except  the. lalt, 
and  fepa  rates  into  oil.,  fait,  and  a  large  proportion  of  water;  which  ffiews 

that 
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that  water  was  intimately  united  with  thefe  hard  fubftanees,  and  helped  to 
confolidate  them  ;  for,  when  all  water  is  feparated  from  them  by  the  force 
of  fire,  nothing  but  loofe  afhes  remain  behind,  or  a  brittle  fubftance,  eafily 
converted,  by  triture,  into  a  loofe  powder  •,  efpecially  after  thefe  fubftanees, 
that  were  left  black  in  the  retort,  are  calcined  to  whitenefs  in  an  open  fire : 
and  if  an  entire  bone  be  calcined  to  whitenefs,  fo  as  to  appear  brittle  and 
crumbly,  and  then  be  plunged  into  water,  it  attradls  the  water  into  itfelf,  with 
a  hiding  noife,  and  thus  recovers  its  loft  weight,  and  former  hardnefs,  and  co- 
hefion  of  parts.  Hence  we  infer,  that  water,  tho’  it  does  not  afford  the 
ultimate  matter  in  producing  the  folid  parts  of  animals,  yet  ferves  as  a  ce¬ 
ment  in  flicking  the  parts  together  ;  making  a  portion  of  the  concrete  ;  and 
adding  to  its  bulk. 

56.  One  would  not  eafily  imagine,  that  water  conftitutes  the  largeft  part 
of  oils  •,  yet  M.  Homberg  has  fhewn,  by  careful  experiments,  that  diftilled  oils, 
by  a  chemical  analyfis,  refolve  chiefly  into  pure  water  (i)  \  and  pure  alcohol 
is  faid  by  ftelmont  to  have  had  one  half  of  itfelf  converted  into  elementary 
water  by  the  attraction  of  fait  of  tartar  :  thus  much  is  certain,  that  in  burn¬ 
ing,  alcohol  fhews  it  contains  much  water  ;  as  we  faw  in  the  chapter  of  fire. 
Hence  it  is  plain,  that  water  is  largely  diffufed  thror  many  kinds  of  bodies,  and 
concretes  firmly. with  them. 

57.  But  we  are  not  hence  to  conclude,  that  water  is  the  only  fubftance 
from  which  all  fenfible  bodies  arife.  Some  eminent  chemifts  have  aflerted 
that  water,  purify’d  and  hardened  by  long  froft,  is  condenfed  into  rock- 
cryftal ;  and  pretend  that  this  is  found  true,  in  the  frozen  mountains  of 
Switzerland  towards  the  north,  where  ice,  never  thawing,  is  faid  to  be  thus 
tranfmuted  (k).  But  it  has  been  found  that  water,  rendered  colder  by  forty 
degrees  than  it  is  ever  naturally  found,  will  prefently  thaw  ;  nor  could  this 
cold  ever  contract  and  condenfe  water  fo  as  to  give  it  the  weight  and  den- 
fity  of  cryftal,  much  lefs  the  folid ity  of  the  diamond  :  whence  it  is  by  no 
means  probable,  that  precious  ftones  fhould  ever  be  formed  from  frozen  and 
condenfed  water ;  but  gems,  like  all  other  bodies,  rather  grow  from  their 
own  peculiar  feed.  Thor  the  t-ord  Bacon ,  therefore,  affirms,  that  there  is  no 
nutrition  without  water,  and  that  no  fubftance  could  grow  without  it,  yet  this 
holds  principally  true  of  vegetables  and  animals  ;  whilft  the  contrary  obtains 
in  metals :  unlefs  by  water  we  fhould  here  underftand  mercury ;  for,  the  adepts 
commonly  call  quickfilver,  the  metallic  water,  or  Amply  water,  or  their  own 
fea :  tho’  it  feems  fcarce  credible,  that  water  can  be  rendered  fourteen  times 
heavier  than  it  is.  But  in  animals  and  vegetables,  water  truly  conftitutes  a 
large  part  of  their  aliment,  and  intimately  connects  their  conftituent  particles 
together  ;  fo  that  in  a  great  meafure  they  confift  of  mere  tranfmuted  water: 
yet  it  has  hitherto  been  fhewn  by  no  juft  experiment,  that  water  alone  can 
afford  all  the  parts  of  thefe  bodies  ;  notwithftanding Helmont's  experiment  of 
a  flint  nourifhed  by  water,  and  Mr.  Boyle's,  of  plants  increafing  their  weight 
by  *vatering. 

58.  It  has  been  found  by  a  careful  inquiry,  that  water  is  the  principal  ve¬ 
hicle  whereby  the  nutrimental  matter  of  animals  and  vegetables  is  conveyed 
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.  and  diftributed  ;  and  that  the  water  itfelf  is  not  a  real  nutritious  matter  ;  but 
impregnated  with  various  heterogeneous  particles:  for,  the  pureft  rain  is  al¬ 
ways  full  of  vegetable  particles.  All  water,  the  more  impregnated  it  is  with 
unCtuous,  earthy  particles,  the  greater  weight  it  adds,  in  the  fame  time,  to 
the  vegetable  it  waters  ;  whilft  the  greateft  part  of  the  mere  water,  which 
.enters  plants,  foon  exhales  from  them  again.;  at  the  fame  time  that  the 
fat  earthy  particles,  mixed  with  the  water,  are  confumed  in  the  vegetation  of 
the  plant ;  as  Dr.  Woodward  has  fhewn  by  careful  experiments  (/).  It  is  how¬ 
ever  plain,  that  water  in  fome  fort  intimately  unites  with  the  folid  parts  of 
bodies,  and  concretes  with  them  into  the  fame  mafs;  fo  as  not  only  to  ferve 
as  a  vehicle,  but  enters  as  a  conflituent  part  of  .vegetables  and  animals. 
Whence  the  ancient  chemifts  called  water  the  univerfal  wine,  drank  of. by  all 
vegetables,  animals,  and  minerals  ;  and  in  this  fenfe  we  may  properly  fay 
that  all  things  proceed  from  water. 

59.  There  are  fome  bodies  that  repel  water,  without  caufing  any  motion  in 
its  own  fubftance ;  and -the  like  property  is  found  in  fome  fluids,  as  well  as 
fome  folids  :  thus  oils  repel  and  do  not  mix  with  water,  tho’  fhook  together, 
but  feparate  from  it,  and  collect  themfelves  into  fpherical  or  fpheroidical 
drops,  driving  the  water  from  them  in  the  fhorteft  pofllble  way  :  baifams 
and  rofins,  melted  by  a  gentle  fire,  have  the  like  property  ;  with  this  dif¬ 
ference,  that  the  more  fubtile  the  oil,-  or  unCtuous  body  is,  the  lefs  it  repels 
the  water,  and  vice  versa  ;  fo  that  becoming  extremely  thin,  jfuch  bodies  may 
intimately  mix  and  unite  with  water. 

60.  Some  folids  alfo  repel  water  ;  efpecially,  tnb*rnor.e  folid  ones,  that  take 
.a  fine  polifli ;  as  alfo  the  hair  of  animals,  the  feathers  of  birds,  fpiders-webs, 
filk-worms-nefts,  &c.  on  the  external  furface  whereof,  an  unCtuous  cruft  is 
lodged,  participating  of  the  nature  of  oil,  on  which  account  they  repel  wa¬ 
ter  ;  for,  if  deprived  of  this  un<5tuoufn.efs,  by  being  boiled  in  a  fharp  lixivium, 
they  do  not  repel  it.fo  much:  but  a  well-polifhed  furface  is  here  alone  fuffi- 
cient  ;  as  we  fee  in  polifhed  metalline  plates,  which  water  will  not  flick  to, 
but  rolloff  from.;  whereas,  when  rough  or  fcratched,  the  water  adheres  to 
them.  Ivory  and  bone,  when  their  furface  is^unpotifhed,  imbibe  water  ;  but 
when  polifhed,  repel  it :  this  indeed  may  be  owing  to  the  pores  being  filled 
up  in  the  polifhing  ;  and  hence  perhaps  it  is,  that  the  foft  bodies  of  fifh  are 
covered  over  with  polifhed  feales,  and  well  defended  with  a  fubcutaneous 
fat  to  fecure  them  again  ft- the  water,  in  which  they  live,  and  by  which  they 
might  otherwife  be  foon  diffolved ;  for,  after  death,  their  feales  being  re¬ 
laxed,  and  the  unctuous  matter  failing,  the  water  foon  diffolves  their 
flefh  (m). 

61.  Having  thus  confidered  the  general  properties  of  water,  we  next 
proceed  to  the  various  kinds  thereof;  and  firft,  let  us  confider  the  nature 
of  rain-water,  which  we  fnay  call  the  lixivium  of  the  atmofphere,  as  con¬ 
taining  all  kinds  of  particles,  which  float  in  the  air  :  and  what  thefe  are,  may 
be  found  in  the  preceding  hiftory  of  the  atmofphere;  where  we  have  fhewn, 
that  all  kinds  of  volatile  bodies  abound  therein.  Now,  bodies  become  volatile 
either  fpontaneoufly,  or  by  means  of  fire,  fermentation,  putrefaction,  miftiori, 
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feparation  and  efFervefcence.  Whence  falts,  fpirits,  oils,  foaps,  and  even 
metals  themfelves,  may  fometimes  lodge  in  the  air,  according  to  the  dif¬ 
ference  of  the  caufes  which  excite  them  ;  and  thefe.are  principally  the  fun, 
a'*td  Tubterraneous,  culinary  or  mechanical  fires,  ufed  by  artificers  ;  whence  rain 
may  greatly  differ  from  itfelf;  and  again  with  refpedl  to  the  foil,  from 
which  the  matter  of  rain  is  raifed.  So  likewife  rain  may  be  very  different, 
according  to  the  different  feafons  of  the  year:  thus,  the  rain  in  fpring,  fum- 
mer,  autumn,  and  winter  differs  in  its  fubftance  and  effedts.  For  example, 
rain-water  colledled  in  the  fpring,  is  the  fitted:  for  fermentation  ;  as  being 
impregnated  with  fuch  effluvia  of  the  earth  as  were  bound  up  in  the  winter, 
and  are  now  refolved  by  a  genial  warmth,  difperfed  thro’  the  air,  and 
mixed  among  the  rain.  So  the  different  {fates  of  the  atmofphere  greatly 
alter  the  nature  of  the  rain  •,  thus  what  falls  after  a  long  drought,  is  very 
different  from  that  which  falls  at  the  end  of  a  long  rainy  feafon.  The 
meteors  alfo  here  occafion  a  great  difference  •,  thus  the  water  of  a  thunder- 
ftorm,  greatly  differs  from  other  water.  Again,  winds  carry  the  water  of 
the  air  from  one  place  to  another,  and  along  with,  it  the  exhalations  of 
different  and  very  diftant  parts  of  the  earth  *,  which  exhalations  may  thus 
be  varioufly  mixed  in  with  the  water  of  rain  from  different  quarters  ; 
and  fometimes  form  an  unufual  compound,  fo  as  to  occafion  great  fertility, 
&c.  We  learn  by  frequent  obfervation,  that  the  rain  falling  in  a  hot  feafon, 
being  received  in  clean  veffels,  and  kept  for  fome  time,  will  putrefy*,  but 
I  know  not  whether ‘rain-water  has  ever  been  obferved  to  grow  acid:  for 
my  own  part,  I  never  found  it  do  fo  ;  but  when  it  putrefies,  it  may  eafily'be 
corrected,  fo  as  to  become  potable  and  wholefome  ;  viz.  by  boiling  it,  which 
kills  the  animalcula  it  contained  ;  then  fuffering  it  to  fubfide,  and  adding 
a  little  pure  acid  to  what  is  decanted.  And  it  has  been  ufefully  obferved 
under  the  aequator,  and  -within  the  tropics,  where  the  waters  putrefy  mod 
abominably,  and  generate  worms,  that  the  health  of  the  failors  may  be 
preferved  by  this  treatment  of  the  water  :  tho’  a  fmall  proportion  of  fpirit  of 
vitriol  would  here  preferve  water  from  putrefying  and  breeding  worms  *,  and 
this  without  rendering  it  unwholefome.  Experiments  purpofely  made  upon 
rain-water  could  never  bring  it  to  ferment,  fo  as  to  afford  inflammable 
fpirits  by  dift illation :  and,  I  have  found  by  experiment  that  rain-water, 
collected  in  a  high  and  clean  place,  and  preferved  in  pure  veffels,  abounded  • 
with  little  feeds  that  produced  a  fine  green  kind  of  water- weed:  for  upon 
keeping  fuch  water  in  clean  glafies,  1  difcovered  that  fmall  green  fpecks 
firft  appeared  and  grew  gradually  larger;  when  at  length  being  examined 
by  the  microfcope,  1  found  it  to  be  a  true  weed.  Jf  it  be  faid,  that  thefe 
feeds  fell  into  the  water  from  the  air,  this  does  not  alter  the  cafe ;  for,  thus  • 
alfo  they  may  be  contained  in  rain,  which  falls  through  the  air.  So  likewife 
the  invifible  feeds  of  mofies,  difperfed  in  rain,  occafion  the  appearance  of 
little  plants  in  the  water  ;  but  what  grows  mod  copioufiy  herein,  is  a  mu¬ 
cilaginous,  or  ropy  fubftance,  as  it  appears  to  the  naked  eye ;  but  when 
viewed  through  a  microfcope,  refcmbles.a  grove  of  little  mufn rooms.  Thefe 
ate  the  principal  native  plants  of  water,  and  which  fcarce  any  care  can 
prevent  from  growing  therein  ;  tho?  they'  appear  more  at  one  time  of  the 
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fear  than  another,  and  thus  affedt  the  water  differently.  Rain-water  alfo, 
collected  in.  the  fpring  or  fummer,  is  found  to  be  full  of  the  eggs  of  minute 
animals,  which  appear  to. hatch  therein,  and  may  be  feen  by  the  microfcope, 
efpecially  after  the  water  has  flood  long  expofed  to  the  fun  and  the  open  air  : 
what  numbers  of  them  appear  in  a  Angle  drop  of  fuch  water,  may  be  learnt 
from  Leeuwenhoek's  Obfervations. 

62.  The  pureft  rain-water,  therefore,  from  hence  appears  to  be  no  homo¬ 
geneous  fluid  ;  but  nothing  is  ftranger  to  me  than  that,  when  kept  in 
a  clofe  veflel,  it  fhould  fo  foon  generate  little  white  clouds,  which  gradually 
grow  larger,  more  numerous  and  more  opake  *,  and  thefe  degenerating 
into  a  (limy  fubflance,  turn  the  whole  water  ropy  *,  whence  at  length  it 
depofltes  a  feculent  matter,  changes  its  colour,  tafte  and  odour,  and  thus 
growrs  thick,  vapid,  niufty  and  difagreeable.  This  is  the  nature  of  pure 
rain-water,  which  therefore  is  far  removed  from  a  perfedt  flmplicity,  as  be¬ 
ing  fubjedt  to  fo  much  foulnefs  ;  and  yet  this  water  is  efteemed  the  lighted: 
of  all  waters,  and  truly  diftilled  by  nature,  as  being  raifed  from  the  furface  of 
the  earth  by  the  mild  heat  of  the  air  j  and,  being  raifed  much  highertherein  than 
any  chemical  diflillation  could  carry  it,  his  returned  back  again  without  par¬ 
taking  of  the  foulnefs  of  any  veflel  :  fo  that  chemifts  can  fcarce  any  way  ob¬ 
tain  by  their  diftillations,  a  purer  water  than  nature  thus  commonly  affords 
it •>  as  may  eafily  appear  from  a  confideration  of  the  water  which  chemifts 
diftil,  the  veflels  and  the  fire  they  ufe,  the  fmall  height  of  the  diftilling 
veffels,  and  the  air  wherein  the  operation  is  performed:  all  which  being 
confidered,  his  110  wonder  I  fhould  have  found,  by  careful  experiments,  that 
diftilled  rain-water  is  not  lighter  than  the  natural,  but  hydroftatically  the 
fame.  Snow-water  is  found  to  be  the  lighted:  of  all  rain-waters  (») ;  and 
therefore  fnow-water,  received  at  a  great  height  from  the  earth,  is  the  purer 
or  freer  from  grofs  and  ponderous  parts  :  and  if  a  long-continued,  {harp  frofl: 
fhall,  at  a  great  height,  convert  water  to  fnow,  after  a  long-continued,  clear 
and  dry  feafon,  the  fnow,  thus  formed,  will  be  of  the  pureft  kind  j  efpe¬ 
cially,  if  no  wind  has  difturbed  the  air,  or  intermixed  any  foreign  volatile 
particles  with  it.  Thus,  if,  in  thefe  circumftances,  fnow  {hould  fall  upon  a 
barren,  fandy  mountain,  in  a  defart  far  remote  from  any  place  inhabited  by 
men,  and  the  fnow  fhould  lie  deep  *,  if  the  upper  part  be  now  carefully  col- 
■kdted,  it  will  thus  be  obtained  as  pure  as  poflible  for,  it  will  fcarce  contain 
fait,  oil  or  other  foreign  fubftance  :  fo  that  water  procured  by  melting  this 
fnow,  will  greatly  differ  from  all  other  water,  and  be  extremely  pure,  un¬ 
changeable,  or  capable  of  being  kept  for  years,  as  an  excellent  remedy  againft 
inflammations  of  the  eyes.  The  ancient  alchemifts  have  fa  id,  that  from 
fuch  pure  fnow  there  may,  by  a  fecret  art,  be  obtained  a  very  red  fubftance, 
that  by  the  force  of  fire  may  lie  intimately  buried  and  concealed  therein. 
This  fnow,  falling  for  ages  upon  the  fame  fpot,  is,  by  Olaus  Rudbeckius  (o'), 
faid  to  leave  a  thin  cruft  behind  it ;  which,  increafing  in  time  to  a  fenfible 
Jlratitm ,  renders  the  earth  extremely  fruitful.  Andfo  much  for  the  method 
of  obtaining  the  pureft  water  poflible. 

>63.  This 
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63.  This  water,  being  long  digefted,  putrefies  and  grows  fetid,  and  by 
di (filiation  affords  an  oily  fpirit  in  fome  degree  inflammable  ;  but  if  digefted, 
putrefied,  diftilled  and  concentrated,  it  yields  a  fragrant  fpirit,  that  fiiently 
diffolves  the  body  of  gold  (p):  if  contained  in  calks,  and  putrefied  by  heat 
between  the  tropics,  it  afterwards  lofes  its  bad  fcent,  and  becomes  clear  a-^ 
gain  by  reft  (q).  That  rain  is  the  moft  impure  which  falls  in  a  hot,  windy 
feafon,  near  great  cities,  which  ftand  low,  and  abound  with  the  fetid  exhala-^ 
tions  of  animals  and  vegetables ;  efpecially,  if  the  air  be  thick,  foggy 
and  fetid,  fo  as  to  affedt  the  noftrils  and  the  lungs  by  its  noxious  vapours, 
which  frequently  appear  and  difappear  without  any  manifeft  caufe.  We 
have  found  by  experience,  after  long  continued  droughts  and  heats,  if  thun=- 
der-ftorms  have  followed,  the  rain,  that  falls  heavy  at  this  time,  being  re¬ 
ceived  in  clean  veffels,  yields  a  froth,  which  jeems  to  contain  fomething  of  a 
fine  nitrous  fait ;  and  when  it  falls  in  ftormy  whirlwinds,  it  has  fometimes 
been  found  fetid,  and  the  cloths  wet  with  it  have-in  24  hours  after  been  full 
of  worms  (rj.  Whence  we  may  underftand  the  caufe  of  the  earth’s  fertility  ^ 
aSTuch  rain  contains  a  fubtile  matter,  capable  of  affording  particles  to  nourifh 
the  folids  and  fluids  of  vegetables  ;  at  the  fame  time  acfting  as  a  proper  ve¬ 
hicle  to  convey  whatever  is  requifite  for  their  nutrition. 

64.  If  the  fnow- water,  collefted  as  above,  be  once  diftilled  with  a  gentl* 
heat,  in  clean  and  tall  veffels,  it  may  be  efteemed  perfedly  pure-;  efpecially,, 
if  the  operation  is  performed  in  a  clean  place,  free  from  all  fmoke  and  odour. 

And.this,  of  all  the  ways  I  have  tried,  is  the  beft  for  obtaining  pure  water :  tho* 
fome  for  the  purpofe,  I  know,  draw  it  over  gently  from  fixed  alkaline  falts, 
to  hold  back  the  acid,  oily  and  earthy  particles  but  the  alkali  thus  commu¬ 
nicates  fomething  lixivious  to  the  water :  whence  others,  in  the  fame  view, 
diftil  it  from  fal-gem,  fea-falt,  nitre,  &?r.  But  the  water  thus  diftilled  is  alwayn 
impregnated  with  fomething  foreign  5  and  tho*  it  be  fucceflively  drawn  off 
from  different  fubftances,  as  acids,  alkali’s  and  neutrals,  ’tis  not  thus  ren¬ 
dered  the  purer  :  and  when  the  pureft  water  boils  over  the  fire,  it  ftill  re¬ 
tains  its  difploding  virtue  above  defcribed  ;  and  this  tho’  it  be  feveral  times 
diftilled. 

65.  We  now  proceed  to  enumerate  fome  marks  in  the  pureft  diftilled  rain-  Marks  of  pitm 
water,  whereby  to  diftinguifh  it  from  other  kinds :  and  firft,  upon  mixing  drilled  v:#- 
with  other  waters  lefs  pure,  an  opake  whitenefs  immediately  arifes,  tho*  both  ter% 

of  them  were  perfetftly  limpid  before  their  mixture:  and  if  fine  foap  be  diffol- 
ved  in  this  pureft  diftilled  water,  it  mixes  uniformly  without  curdling ; 
whereas  it  curdles  with  the  waters  lefs  pure.  So  again,  perfe<ftly  pure  water, 
thrown  upon  wax,  or  fprinkled  upon  linen  to  be  whitened,  gives  them  a  per¬ 
fect  whitenefs ;  but  if  the  water  be  impure,  it  leaves  them  lefs  white  :  it  grows 
hot  and  cold  fooner  than  other  water,  and  is  never  improved  by  boiling. 

Pure  gold  and  filver,  being  melted  feparately  or  conjointly,  and  poured  into 
this  pure  water  whilft  cold,  pafs  quietly  thro’  it,  and  are  found  granulated 
at  the  bottom :  but  iron,  tin  and  lead,  melted  and  poured  into  water,  enter  it 
with  a  violent  expiofive  motion,  and  immediately  fty  from  it  like  fliot,  in  a 

dangerous 

( p )  AH.  Lipf.  An.  1690.  p.  86.  (/■)  Phil. .  Tranf.  N°.  127.  p.  652.  and  A* 

{q)  Phil.  Tranf,  Abridg.  Vol.  If.  p.  326.  bridg.  Vol.  V.  p.  171. 
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dangerous  manner :  and-copper,  treated  in  this  way,  explodes  with  the  vio¬ 
lence  of  gun-powder  of  which  there  are  terrible  examples.  This  wonder¬ 
ful  property  of  water  feems  to  me  unexplicable  upon  any  known  principle. 
Pure,  fimple  rain-water  may,  in  a  proper  fenfe,  be  efteemed  the  mercury  of 
animals  and  vegetables;  as  being  not  unlike  quickfilver  in  ffmplicity,  and,  ac¬ 
cording  to  Helmont ,  the  firft  principle  from  whence  all  things  proceed,  and 
into  which  they  are  ultimately  refolvable'. 

Spring-water.  66.  All  fpring- water  arifes  from  rain,  .  raifed  by  heat  from  the  furface  of 
the  terraqueous  globe  into  the  air ;  which  thus  •  abounding  with  water,  and  t 
impinging  by  night  againft  the  cold  fides  of  high  and  extended  mountains, , 
the  watery  vapours  are  here  condenfed  into  drops,  after  the  manner  of' 
diftiflation. :  whence  proceed  rivulets,  fprings,  &c.  as  was  mentioned  ■ 
in  the  chapter  of  air.  And  hence  we  learn,  that  fpring- water  is  never  purer 
than  rain  ;  yet  W'hen  this  rain,  turning  to  fpring-water,  paffes  over  fand,  or. 
places  full  of  fine,  clear  flints,  it  may  there  depofite  its  heterogeneous 
parts,,  and  at  length  run  pure.  This  method  of  percolation  nature  ufes  ■ 
to  render  water  perfe&ly  bright  and  fimple,  after  it  has  been  foul’d  by- 
wafhing  the  places  it  paffed  through  :  and  thus  we  have  another  way  of 
obtaining  water  as  pure  as  potTible.  But  if  this  fpring-water  paffes  thro’  pla¬ 
ces  containing  a  matter  eafily  diffolvable  by  water,  it  thus  becomes  impreg¬ 
nated  therewith  ;  and  tho’  it  fhould  afterwards  run  thro’  beds  of  done  or  ' 
fand,  or  even  mountains  themfelves,  it  might  alfo  carry  fuch  diffolved  par¬ 
ticles  along  with  it ;  and  hence  fprings,  rivulets  and  lakes  partake  of  the  na¬ 
ture  of  fuch  matters  thro’  which  the  water  flows  (j).  Whence  nothing  par¬ 
ticular  can  be  affirmed  of  fpring-water,  without  a  due  regard  to  the  foils  it  • 
paffes  thro’;  as  whether  they  be  aluminous,  faline,  faponaceous,  vitriolic,  ?• 
Thus  there  are  numerous  medicinal  cold  fprings,  which  Hoffman  has 
fhewnto  be  alcaline,  volatile  and  fpirituous  ;  and  numerous  hot  ones  abound-  - 
ing  with  fulphur,  and  greatly  differing  from  the,  former  ;  tho’  both  thefe 
forts  arc  called  fpring-water,  fome  proving  medicinal  and  wholefome,  others 
pernicious  and  poifonous  ;  fome  alfo  are  of  a  petrifying  nature,  as  particularly 
in  the  petrifying  cave  of  Burgundy ,  about  a  mile  from  Quingey,  where  the  - 
water  dripping  thro’,  petrifies  into  ftatues  of  all  kinds  of  figures  (/).  Yet 
what  is  very  remarkable,  thefe  petrifying  waters  do  not  generate  the  ftone  . 

■  in  thefe  that  drink  them  (?/).  Hence  we  learn,  that  nothing  can  be.  pro¬ 
nounced  univerfally  of  the  clqarnefs,  weight  and  virtue  of  fpring- water ;  but 
that  every  fpring  muff  be  examined,  in  order  to  difeover  its  nature  :  and  this 
appears  from  nothing  more  plainly,  than  that  if  any  fpring-water  be  boiled 
for  fome  time,  then  buffered  to  reff  and  grow  cool,  it  depofts  a  fediment. 
But  nothing  feems  to  me  more  extraordinary  in  the  hiftory  of  fpring-water, 

thaa 


(j)  ‘  Some  fprings  are  much  more  copioufly 

*  impregnated  than  others ;  and  therefore  will 
14  bear  a  greater  dilution  by  rain-water  :  Thus, 

*  tho’  I  have  found  more  than  one  of  our  Eng- 

*  I1JJ3  ferruginous  fprings,  efpecially  thole 

*  near  London ,  too  much  weakened  by  water, 

*  that  rained  into  them ;  yet  upon  carefully 

*  trying  how  much  of  that  fluid  fome  German 

*  fpaw- water,  which  came  very  well  condi- 


‘  tioned  to  London ,  would  bear,  it  appeared, 
‘  that  when  this  was  diluted  with  no  lefs  thaa 
*  thrice  its  weight  of  rain-water,  it  ftill  re- 
‘  tained  ftrengtir  enough  to  produce  a  purpliflr 
‘  colour,,  with  frefli  powder-galls.’  Boyle' s. 
Nat.  llij}.  of  mineral  waters. 

(t)  Jottrn.  ds  Sav.  an.  16S8.  p.  4^2. 

\u)  Htjl.  Reg.  Ac.fc.  p.  9  ',  92, 
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than  that  it  ffiould  not  be  found  in  fome  places  dug  a  very  great  depth  into. 
Thus  Dr.  Plot,  in  his  natural  hiftory  of  Staffordjhire ,  defcribes  a  pit  defend¬ 
ing  perpendicularly  2600  feet;  where,  tho’  he  let  down  a  rope  of  this  length, 
he  could  neither  find  bottom  nor  water  at  fo  great  a  depth  :  how  folicl, 
therefore,  muft  the  bottom  and  fid.es  of  fuch  a  pit  be,  that  will  not  fuffer 
water  to  bur  ft  thro’  ? 

67.  As  rivers  proceed  from  fprings,  what  we  have  already  faid  of  fpring- 
water  may  be  applied  to  river- water  •,  with  this  difference,  that  fpring- water 
generally  runs  under  ground,  whereas  that  of  rivers  is  expofed  to  the  open 
air.  Whence,  whatever  falls  from  the  atmofphere,  or  is  conveyed  by  the 
winds  ;  whatever  vegetable  or  animal  matter  falls  in  their  way,  or  whatever 
fifh  and  amphibious  creatures  depofit,  all  comes  into  the  courfe  of  rivers  3 
mixes  with  their  water,  and  may  there  diffufe  itfeif,  putrefy  and  difiblve. 
And  as  all  rivers  rife  from  mountains,  and  at  length  difgorge  into  the  fea, 
rivers  can  never  reft,  as  being  perpetually  running  down  to  the  ocean  ;  and 
as  in  their  courfe  they  pafs  thro’  different  places,  viz.  woods,  cities,  &V.  in 
each  of  thefe  places  the  water  muft  be  of  a  different  kind  ;  fo  that  nothing 
particular  can  be  affirmed  of  this  water  alfo,  without  confidering  the  diffe¬ 
rence,  that  may  arife  in  every  place,  -where  new  fubftances  may  be  mixed 
with  it.  R.ain-water  eafily  mixes  with  it*,  and  at  different  times  and  places., 
.animal,  vegetable  and  foffil  fubftances,  unite  therewith  :  no  wonder,  there¬ 
fore,  that  river-water,  taken  up  by  the  Englijh  at  St.  Iago ,  and  kept  in 
•calks,  ftiould,  near  the  ifland  Borneo ,  be  fo  changed  with  the  heat  of  the  cli¬ 
mate,  as  to  difcharge  a  vapour  that  took  fire  at  a  candle  ;  the  water  at 
this  time  being  fetid,  but  after  fettling,  again  becoming  fweet  ( x ).  So  Thames - 
water  (y  ),  and  the  water  of  New -York  river,  grew  intolerably  fetid  in  the 
calk  in  eight  days  time  ;  but  became  fweet,  when  arrived  at  Virginia  (z); 
fo  again,  the  Thames- water,  contained  in  calks  and  carried  into  hot  coun¬ 
tries,  was  in  eight  months  time  converted  into  a  fetid,  fpirituous  liquor,  the 
vapour  whereof  burnt  like  fpirit  of  wine ;  but  upon  opening  the  calk,  and 
admitting  the  air,  it  became  lweet  in  twenty-four  hours:  or  if  the  water  was 
.ftrongly  fhook  in  the  calk,  it  became  fweet  and  potable  in  five  hours ; 
and  even  in  its  fetid  ftate,  it  is  faid  to  be  wholefome  (a).  If  fea-water 
be  diftilled,  and  .mixed  with  river-water,  it  does  not  putrefy  ( b ).  In  the 
kingdom  of  Congo  there  is  a. river,  which,  when  agitated,  yields  a  froth, 
that,  being  received  by  ftraw  fpread  upon  the  fhore,  concretes  into  a  tena¬ 
cious  • 


( x )  See  Phil.  Tranf  Abridg.  vol.  5.  p.  271. 
(j)  *  That  the  fhame.s-vj&t.er,  when  carried 

*  long  voyages,  and  into  hot  climates,  will 

*  have  a  very  ofFenfive  fcent,  the  common 
1  pHtrefadlion  of  itagnant  water  may  perfuade 
‘  us :  yet  ’tis  found,  if  that  be  kept  long 

*  enough,  tho’  in  the  fame  veffel,  and  a  hotter 
‘  climate,  it  will  at  length  grow  fweet  and 

potable  again.  Several  other  waters  have 
‘  the  fame  faculty  of  recovering  after  putre- 

*  faftion,  as  well  as  that  of  the  Thames, 
1  whereto  ’tis  uftmlly  fuppofed  peculiar.  And 


‘  having  had  the  curiofity  to  try  how  the 

*  rougher  kind  of  water,  that  will  not  bear 
‘  foap,  might  be  remedied  ;  an  induftrious. 
‘  perlon,  whom  I  employed,  allured  me  he 
‘  had  met  with  pump-waters,  that  barely 
‘  by  Handing  a  few  days,  would  gain  this  pro- 

*  perty.’  Boyle's  Ufefulnefs  of  Exper.  Philof 
(V)  Phil.  Tranf  NQ.  127.  p.  652. 

(a)  Phil.  Tran/.  N°.  268.  p-  838.  and Tranf. 
Abridg.  vol.  3.  p.  547.  Mem.  rlc.  roy.  fc.  vol. 
1 .  p.  404. 

[b)  Du  Hamel  de  menftruts,  p.  412. 
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clous  fubftanee  ;  which,  when  dried  at  the  fire,  grows  hard  like  iron  (c). 
The  Rhone  water,  when  well  purified  by  ftanding,  and  properly  preferved  in 
earthen  veffels,  does  not  putrefy  upon  carrying,  or  feeling  the  heat  of  dif¬ 
ferent  climates;  tho*  it  would  putrefy  in  calks  (d). 
v ittwehlt.  68.  It  is  found  by  careful  experiments,  that  rain-water,  fnow- water, 
fpring- water,  and  river- water,  when  hydroftatically  examined,  and  com¬ 
pared,  fcarce  differ  a  thoufandth  part  in  weight  (e).  Whence  it  is  not  proba¬ 
ble,  that  the  water  of  a  river  in  Africa  Ihould  be  lighter  by  four  ounces 
in  a  pint  than  the  water  of  England  (f) :  it  were  to  be  wilhed  Mr.  Boyle 
had  given  us  an  exadl  defcription  of  this  extraordinary  experiment,  and  con¬ 
firmed  it  by  proper  teffimony,  as  the  thing  requires  ;  for,  if  the  fad  was 
conftantly  to  hold,  what  Herodotus  fays  of  a  water  in  Africa ,  mentioned 
above,  might  well  be  received  for  truth.  Thus  much  may  fuffice  to 
fnew  the  nature  of  ri ver- water ;  for,  as  it  contains  fo  many  different' 
kinds  of  fubftances,  a  fermentation  may  eafily  arife  among  its  parts  in  hot 
climates  ;  and  hence  all  the  changes  of  fermentation  and  putrefaction  above- 
mentioned  proceed :  doubtlefs,  the  phenomena  above-recited  are  rather 
owing  to  thefe  contents  of  the  water,  than  to  the  water  itfelf. 

Standing  iva-  69.  We  are  next  to  confider  the  ftagnant  waters  of  lakes,  meers,  ponds, 
-ears*  *  and  town-ditches  ;  as  this  water  alfo  is  frequently  employed  in  chemical  ope¬ 
rations.  Thefe  ftagnant  waters  differ  greatly  from  each  other;  thus,  for 
example,  the  water  of  Leyden  is  a  lixivium  of  all  the  common-lhores  and 
jakes,  which  continually  difcharge  themfelves  into  the  town-dykes :  and  if 
we  confider  how  many  tuns  of  dyer’s-ftuff  are  there  ufed  in  the  dying  of 
wool,  hair,  and  filk  ;  what  a  quantity  of  alum,  tartar,,.,  vitriol,  aqua-fortis, 
and  tinging  ingredients,  are  employ’d  and  difeharged  from  the  dye-houfe- 
coppers,  into  the  waters  of  this  town ;  we  Ihall  find  a  prodigioufly  confufed 
mixture  thus  made  in  the  dykes  that  chiefly  empty  themfelves  into  the  lake 
of  Harlem  :  whence  it  is  no  wonder,  that  many  beautiful  dyes  fhould  be 
(truck  to  advantage  at  Leyden ,  which  are  unfuccefsfully  attempted  by  the 
fame  means  in  other  places,  even  by  the  fame  workmen  ;  as  we  learn  from 
numerous  experiments.  This  ftagnant  water  is  much  more  ponderous  than  the 
natural.  Upon  putting  twelve  ounces  thereof  into.a  clean  glafs-bafon,  and  eva¬ 
porating  it  with  a  gentle  heat,  numerous  worms,  infedts,  and  other  little  crea¬ 
tures  were  found  at  the  bottom  ;  as  alfo  a  large  quantity  of  yellow  terreftrial, 
calcarious  matter,  and  mud,,  which  raifed  a  ftrong  effervefcence  upon  being 
'mixed  with  aqua-fortis.  The  feveral  forts  of  water,  being  examined  hydrofta¬ 
tically  by  Dr.  Hoffman  (g),  with  a  glafs  water-poife,  divided  by  lines,.. were 
Found  to  differ  confiderabiy  in  weight:  thus,  pure  rain-water  was  found  to 
be’the  lighted  ;  and  therefore  ferved  as  a  ftandard  to  the  reft.  River-water 
taken  from  the  river  Tffel ,  was  one  line  heavier  than  the  former  ;  the  com¬ 
mon  drinking  water  of  Hall  was  two  lines  heavier;  the  fpring- water  of  the 
fame  place  was  four  lines  ;  the  water  of  a  particular  fpring  in  the  fame  place 

was* 

(r)  Air.  Lip/,  an.  16S7.  p.650.  (f)  See  Boyle's  Ufcfulnefs  of  Phil.  part.  z. 

{d)  Ibid.  an.  16S3.  p.519.  p.114. 

[ej  Mtd:  hydro/,  p.  1 04.  (g)  See  Ho/fmr  Ob/ervi  them.  p.  140. 
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was  fix  lines  ;  and  fome  water  long  kept  in  an  open  vefTel  in  a  cellar, 
was  fix  lines  and  a  half :  but  ftagnant  water,  taken  out  of  the  town- 
ditch  at  Hall,  was  the  heavieft,  being  feven  lines  heavier  than  the  rain¬ 
water^).  This  fhews  how  careful  we  ought  to  be  111  making  experiments 
on  water,  which  differs  fo  greatly  from  itfelf  ;  as  every  difference  here  may 
vary  the  effect :  whence  we  fhould  know  the  way  of  trying  the  purity  of 
water,  before  we  ufe  it.  The  beif  trial  for  the  purpofe  is,  by  a  folution  of 
perfedtly  pure  filver  in  aqua-fords;  for  this  folution  being  diluted  with  the 
pureft  water,  and  then  dropp’d  into  a  glafs  of  any  water  to  be  exa¬ 
mined,  if  the  liquor  does  not  grow  turbid,  white  or  opake,  the  •water’  may 
be  efteemed  perfectly  pure;  unlefs  it  fhould  contain  good  fpirit  of  nitre,  or 
aqua-fortis:  fo  likewife  pure  oil  of  tartar  per  deUquium ,  well  diluted  with  the 
pureft  water,  and  dropp’d  into  a  glafs  of  any  water  to  be  tried,  if  no 
cloudinefs  arifes,  it  is  a  proof  that  the  water  is  pure  ;  for,  except  alcalies, 
this  readily  fhews,  by  the  fudden  change  of  colour,  whether  any  other  fub- 
ftances  are  mixed  therewith.  But  no  experiment  in  this  cafe  is  more  exqui- 
fite,  than  that  made  by  ufing  a  folution  of  faccharum  Saturni  in  fair  water  ; 
for,  this  being  dropt  into  any  heterogeneous  water,  inftantly  manifefts  its  im¬ 
purity  (i).  ’Tis  of  great  ufe  in  chemiftry,  to  have  fuch  methods  of  examina¬ 
tion,  where  exattnefs  is  required  ;  and  where  the  leaft  foreign  admixture  may 
alter  the  whole  operation.  Hence  proceed  the  frequent  failures  in  producing 
the  arbor  Dianne,  and  the  phenomena  of  colours  by  chemical  liquors. 

70.  Upon  confidering  all  that  is  here  difeovered  of  water,*  wo  may 
fay,  that  it  is  a  certain  fpecies  of  glafs,  which  melts  with  thirty- three 
degrees  of  heat,  and  grows  hard  in  a  little  greater  degree  of  cold, 
whereby  it  becomes  a  folid,  elaftic,  brittle,  pellucid,  infipid,  fcentlefs 
mafs,  capable  of  being  ground  into  microfcopes  and  burning-glafles.  This 
glafs  indeed  is  volatile,  but  in  other  refpeefts  refembles  common  glafs.  And  • 
here  it  is  furprifing  that  the  fluid  and  fbft  body  of  water  fhould  fo  quickly 
be  turned  into  a  hard  folid  ;  and  that  an  unelaftic  fluid  fhould  thus  become 
highly  elaftic ;  infomuch  that  if  form’d  of  a  globular  figure,  it  will  rebound 
like  glafs,  or  an  elaftic  metal.  This  elafticity  and  hardnefs  of  ice  increafes  in 
proportion  to  the  degree  of  cold  whereto  it  is  expofed  ;  fo  as  in  the  utmoft  de¬ 
gree  thereof  to  grow  as  hard  as  real  glafs,  and  highly  elaftic  ;  but  when  melt¬ 
ed,  it  prefently  becomes  volatile.  If,  as  fome  have  pretended,  a  long  continued 
extreme  cold  could  turn  water  into  cryftal  and  gems,  incapable  of  fufing  at  a 
glafs-houfe  furnace,  it  might  thus  receive  fire  enough  to  make  it  fhine  and 
glow,  like  metals,  ftones  and  other  folid  bodies ;  but  as  far  as  we  hitherto 
know  of  its  nature,  it  feems  impoftible,  by  any  means  whatever,  to  heat 
water  above  two  hundred  and  fourteen  degrees.  When  ice  is  once  diffolved,  Its  phyGcdl 
it  immediately  becomes  a  menftruum,  and  a  kind  of  univerfal  vehicle,  dif-  (U€Cii' 
folving  a<5tive  bodies  efpecially,  mixing  them  together,  applying  them  to 
each  other,  qualifying  many  that  were  corrofive,  joining  itfelf  with. them,  agi¬ 
tating  the  whole,  and  thus  producing  the  principal  phyfical  changes  and  ope¬ 
rations  in  nature. 

O  0  o  7*. 

(/)  See  Acad,  del  Cimertio,  p.  23-r. 


Ice  the  natu,' 
ral  ftate  of" 

water. 


(h)  See  Uoffm .  obf.  chem.  p.  140* 
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hs  e feels  on 
the  body. 


On  vepeia- . 
Hes. 


s. 


farther  tifes 
cf  water. 


71.  The  nutrition  of  animals  is  performed  by  means  of  water  ;  not  that  its 
particles  univerfally  conftitute  their  fubftance,  but  without  the  intervention 
of  this  vehicle,  the  true  nutritious  particles  could  fcarce  be  conveyed  to  the 
parts  of  the  body,  which  require  to  be  nourifhed  ;  fo  that  water  alone  is  the 
proper  vehicle  of  nutrition,  without  which  no  creature  could  live. 

7 2.  Water  alfo  makes,  the  moft  mild,  fluid  and  fubtile  part  of  the  juices 
of  the  body,  fo  as  to  pafs  thro*  the  minuteft  veflels  thereof-,  and  if  deficient 
in  a  great  degree,  the  circulation  prefently  flops :  nor  is  there  in  nature,  to  be 
found,  any  fluid  capable  of  fupplying  the  want  of  water  in  the  body  fo 
that  all  the  actions  of  life  are  owing  to  water,  which  renders  the  fluids  fit 
for  circulation.  Upon  feparating  water  by  a  gentle  heat,  from  any  animal 
fluid,  whether  of  a  thick  or  dilute  kind,  we  conftantly  find  it  makes  the 
largeft  part  thereof.  Again,  when  we  examine  any  folid  part  of  an  animal 
body,  we  find  it  receives  all  its  fitnefs  for  the  ufes  of  life  from  water  alone; 
for,,  when  this  is  taken  away,  no  requifite  condition  to  life  is  left  behind. 
Health  itfelf,  and  the  functions  confequent  upon  it,  are  more  owing  to  water 
than  to  almofl  any  thing  elfe:  the  growth  of  the  body  is  carried  on  by 
water  ;  many  difeafes  are  caufed,  and  many  are  cured  by  water  :  death  itfelf 
is  often  brought  on  by  water,  but  much  oftener  for  want  of  it ;  and  fue- 
cefsful  cures  are  often  performed  by.  its  means.  That  the  life  of  vegetables, 
their  fiourifhing  date,  their  nutrition,  .growth,  &V.  are  owing  to  water, 
appears  from  the  experiments  of  Dr.  Woodward ,  and  Dr.  Hales ,  as  men¬ 
tioned  above.  The  fertility  of  the  earth,  we  have  already,  obferved,  is  chiefly 
owing  to  fnow  and  rain  ;  and,  this  is  farther  confirmed  from  the  obferva  • 
tions  made  upon  the  foil  of  Egypt :  for,  where  little  dew  or  rain  falls,  and 
no.  rivers  water  the  ground,  the  earth  is  barren,  like  the  fands  o f  Lybia,  efpe- 
cially, .where  the  winds  frequently  difturb  and  blow.aw^  the  fand,  and.  thus 
deftroy  the  firft  rudiments  of  fertility  (k). 

73.  Lafiiy,  fofiils,  fo  long  as  they  remain,  under  a  liquid  form,  in  mines, 
and,  even  metals  thcmfelves,  in  the  form  of  a  thick,  undtuous,  ponderous, 
faline  juice,  are  capable  of  diflblving  in  water,  and  indeed  are  naturally 


mixed  therewith;  as  we  learn  from  the  writers  of  minerology ,  and  me¬ 


tallurgy,  efpecially  the  excellent  Agricola.  And  this  holds  of  all  concreted, 
faline,  vitriolic  and  metallic  juices;  .where/ wafer  makes  the  principal  part, 
and  ferves  to  dilute,  move,  change,  increafe;  and  mix  them  among  one/; 
another. 

74.  Thus  we  fee  that  the  ufe  of  water  is  wonderfully  univerfa-1.  And  ' 
farther,  the  principal,  fine  and  grateful  colours  of  bodies,  are  owing  to 
water  ;_as  remarkably  appears  in  the  bright  colours  of  flowers.  So  like- 
wife  the  particular  odours  of  bodies  are  every  where  chiefly  mix’d,  pre- 
ferv’d  and  perfected  by  the  interpolation  of  water,,  which  ferves  as  an  ad¬ 
mirable  vehicle  to  them.  The  great  diver-fity  of  taftes  alfo  depends  upon 
a  proper  intermixture  of  water,  whereby  fapid  bodies  are  chiefly  apply’d 
to  the  tongue  and  palate.  The  particular  virtues  of  bodies,  whether  ali¬ 
mentary,  medicinal  or  poifonous,  are  render’d  adtive  by  means  of  wa-  • 
ter.  That  the  hardnefs  and  firmnefs  of  bodies  are  owing  to  water,  inter- 
joofing  as  a  cement,  we- have  (hewn  above.  Thus,  if  it  was  not  for  water,.. 

the; 

(k)  gg.  Lord  Bacon  of  winds, 
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the  fubftance  of  brick,  tile,  {lone,  bone,  horn,  &V.  would  be  no  more  than 
light,  unconnected  duft.  Moft  of  the  phyfical  actions  of  bodies  upon  one 
another,  are  principally  owing  to  water,  and  could  not  be  exerted  without  it:, 
thus,  the  effervefcences  betwixt  falts  and  falts,  falts  and  oils,  and  falts  and 
folid  bodies,  do  not  happen  till  the  falts  are  diffolved  by  water  into  a  fluid 
form;  for,  till  they  are  thus  diffolved,  or  whilft  the  falts  remain  in  a  folid 
form,  they  exert  no  a&ion.  Numerous  changes  and  operations  arife  merely 
from  fuch  effervefcences,  which  therefore  neceffarily  depend  upon  water  (/) 
thus  likewife  fermentations,  which  produce  fo  many,  phylical  changes, 
can  by  no  means  be  performed  without  water,  of  which  if  vegetables  be  de¬ 
priv’d,  they  can  never  be  brought  to  ferment  again.  Putrefaction  never  hap¬ 
pens  in  the  dry  bodies  of  animals  or  vegetables,  and  in  this  ftate  may  long 
be  kept  uncorrupted  in  a  dry  air,  but  if  once  moiftened  with  water,  they 
foon  putrefy  and  corrupt.  There  are  alfo  numerous  feparations  of  different 
bodies,  that  cannot  be  made  without  water,  but  eafily  by  means  thereof : 
thus,  falts  are  eafily  feparated  from  earth,  and  oils  and  alcohol  from  rofins, 
by  water.  On  the  other  hand,  an  intimate  union  is  in  many  cafes  procured 
by  water,  and  could  not  be  brought  about  without  it  ;  of  which  we  have 
given  numerous  inftances  above.  Precipitation,  which  is  a  capita!  operation 
in  chemiftry,  chiefly  depends  upon  water;  fo  does  the  diftillation  of  all  the 
aromatic  oils,  and  cannot  be  obtain’d  without  it  in  purity  and  perfection. 

Water  alfo  ferves  us  to  meafure  the  degrees  of  heat,  from  thirty-two  degrees 
lip  to  two  hundred  and  twelve  ;  which  is  very  difficult  to  do  by  any 
other  means :  oil,  indeed,  might  ferve  for  this  purpofe,  and  go  even  to 
fix  hundred  degrees  ;  but  then  oil  continually  grows  thicker  by  fire,  and 
does  not  afterwards  rife  equably  in  proportion  to  the  heat ;  whereas 
water  conftantly  remains  the  fame  in  this  cafe.  This  is  a  thing  of  primary 
ufe  in  chemiftry,  and  unknown  to  the  aacient  chemifts,  who  would  not 
otherwife  have  been  fo  anxious  about  finding  a  method  of  railing  and 
keeping  up  an  equable  degree  of  heat,  like  that  of  a  hen  brooding  up¬ 
on  her  eggs  ;  which  heat  may  now  eafily  be  continued  by  means  of 
water  and  a  thermometer.  But  here  we  are  to  obferve,  with  refpeCt  to 
all  the  effeCls  of  water  above-mentioned,  that  they  conftantly  differ  ac¬ 
cording  to  the  different  degrees  of  fire  apply ’d  ;  which  needs  no  farther 
confirmation. 

75.  Water  has  never  been  found  more  aCtive,  and  powerful,  than  when  Vhe  hot  <va- 
raifed  by  a  boiling  heat  into  vapour,  and  confined  in  a  clofe  place;  for,  bo-  pourof water, 
dies  expos’d  to  this  vapour,  fo  as  to  be  thoroughly  moiftened  thereby,  are  Poqxerful- 

O  o  o  2  thence 


(/ )  An  experienced  German  chemift  relates, 
that  in  fome  parts  of  his  country,  he  met  with 
vitriol-ftones,  or  marcafites,  which,  by  the  acti¬ 
on  of  mere  common  water,  retting  for  a  compe¬ 
tent  time  upon  them,  would  grow  fo  hot,  as 
to  enable  the  liquor  to  retain  a  fenfible  heat, 
when  it  had  patted  a  pretty  way  from  them. 
And  many  accidents  may  occafion  the  break¬ 
ing  out  of  fuch  waters,  or  the  change  of  their 
courfe  in  fubterraneal  places.  That  com¬ 


mon  water  may,  in  a  very  fhort  time,  pro¬ 
duce  conttderable  heat  in  mineral  bodies,  ap¬ 
pears  by  mixing  two  or  three  pounds  of  fine 
powder  of  common  brimftone,  with  a  con¬ 
venient  quantity  of  filings  of  iron  ;  for  this 
mixture,  being  drenched  with  common  water, 
will,  in  a  fhort  time,  grow  exceedingly  hot, 
and  fend  out  a.  thick  fmoke,  like  that  of  good 
quick-lime,  while  flaking  with  water. 
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thence  many  ways  wonderfully  penetrated,  corrupted,  altered  and  diftolved. 
Experiments  purpofejy  made  have  fhown,  that  the  vapours  of  fait- water, 
rhfed  by  a  gentle  heat,  are  lefs  putrefactive  to  the'  bodies  expofed  thereto, 
than  the  vapour  of  frefh- water,  which  corrupts  them  fooner  and  more  tho¬ 
roughly  :  whence  we  fee,  that  the  vapour  of  frefh-water  is  more  putrefactive 
than  of  fait- water  •,  and  that  the  ancient  phyficians  juftly  obfefved  amoift  and 
hot  air,  growing  peftilential,  would  in  a  fhort  time  dififolve  the  human  body. 
And  it  was  found,  that  when  th t  Europeans  firft  fettled  in  America ,  almoft 
all  of  them  died  of  a  malignant  diftemper,  or  a  kind  of  fever  peculiar  to  the 
place,  which  foon  putrefy’d  and  difiolved  their  bodies  ;  and  this  principally 
happened  to  thofe,  who  inhabited  the  wood-lands,  where  the  air  was  wet, 
with  the  copious,  warm  vapours,  which  perpetually  exhaled  from  the 
trees.  For,  according  to  Dr.  Hales' s  calculation,  given  in  his  Vegetable  Statics^ 
of  the  proportion  of  water  perfpir’d  from  the  furface  of  the  leaves  of  a  tree 
in  fummer,  a  jnoft  prodigious  quantity  muft  needs  be  exhaled  from  a  large 
wood,  in  a  hot  climate  :  but  when  thefe  woods  in  America  were  cut  down 
and  burnt,  and  the  air  fuffer’d  to  have  free  admiffion,  the  country  foon  be¬ 
came  wholefome  {m\ 

76.  Galilao  was  the  firft  that  obfefved  ice  to  be  lighter  than  the  water 
which  compos’d  it :  and  hence  it  happens,  that  ice  floats  upon  water ; 
the  fpecific  gravity  of  ice  being  to  that  of  water  as  eight  to  nine  (»).  This 
rarifaftion  of  ice  is  owing  to  the  air-bubbles  produced  in  the  water  upon ' 
freezing  •,  and,  being  confiderably  large  in  proportion  to  the  water  frozen, 
render  the  body  of  ice  fo  much  fpecifieally  lighter.  We  have  fhown  in  the 
hiftory  of  air,  and  in  the  prefent  chapter,  that  a  confiderable  quantity  of 
air  is  lodg’d  in  the  interfaces  of  water,  though  it  has  not  then  any  elaftic 
property,  on  account  of  the  difunion  of  its  particles:  but  thefe  particles, . 
coming  clofer  together,  and  uniting  as  the  water  freezes  ;  light,  elaftic  and 
expand ve  air- bubbles  are  thus  generated,,  and  increafe  in  bulk,  as  the  cold., 
grows  ftronger  *,  whence,  of  courfe  the  ice  becomes  fpecifieally  lighter  : 
and  thefe  air-bubbles,  growing  larger,  acquire  a  great  expanfive  force,  fo. 
as  to  burft  the  containing  veffe),  though  ever  fo  ftrong.  It  has  been 
imagin’d,  that  this  burfting  of  the  veftels  by  frozen  water,  was  owing 
to  the  contraction  of  the  folid  parts  of  the  veftel  upon  the  ice,  and  not  to 
the  internal  expanfion ;  but  the  -Florentine  academician's  fhow’d  the  contrary 
by  the  following  experiment.  They  fill’d  a  hollow  globe  of  pure  gold  with 
cold.  water,then  foldering  up  the  orifice,  expos’d  it  to  a  freezing  air  •,  having 
firft  fitted  on  to  it  a  metallic  ring,'  fomewhat  lefs-  than  a  great  circle  of 
the  fphere,.  and  carefully  mark’d  the  part  of  the  fphere,  where  the  edge 
of  the  ring  touch’d  it.  W hi  1ft  now  the  water  froze  in  the  globe,  they 
obferv’d  the  external  furface.  to  be  fo  much  enlarg’d,,  that  the  metallic 
ring  remarkably  afeended  towards  the  vertex  from  the  greateft  horizontal 
circle :  whence  the  globe  expanded  much  more  than  the  ring  contracted, 

b/ 

See  Act.  Lipf  Juppl.l  II.  p..  167.  Cn)  See  E*p  Acad,  del  Ci mot.  3 .8. 
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by  the  cold  •,  as  was  plain  upon  comparing  this  ring  with  another  originally 
made  of  the  fame  fize  (o). 

77.  But  fnow- water,  or  any  water  long  boiled  at  the  fire,  freezes  flower,  Ice  from  «va . 
and  affords  a  more  folid  ice,  with  fewer  bubbles,  than  other  water  .not  fo  treat-  ter  'xbaujled 
ed(p).  And  pure  water  long  kept  in  vacuo,  and  froze  afterwards  there,  ^  air' 
freezes  much  fooner  with  the  fame  degree  of  cold,  than  water  unpurg’d  of 

air,  tmd  expos’d  to  the  atmofphere  *,  whilft  the  ice,  thus  made  of  water  from 
which  the  air  was  extracted,  is  much  harder,  more  ponderous,  equable,  and 
tranfparent,  than  common  ice.*  Whence  it  is  certain,  that  the  air,  naturally 
contain’d  in  water,  being  brought  together  by  the  freezing  cold,  occafions  its 
greater  rarifadHon  and  levity  :  and  in  this  manner  ice  has  been  procured,  that 
would  not  float  upon  water  (q).  If  finely  powder’d  fea-falt,  fid-gem,  or 
fal-ammoniac,  be  put  to  powder’d  ice,  or  fnow,  in  a  freezing  feafbn,  and  they  * 
be  well  mixt  together,  the  fait  will  immediately  begin  to  difiblve,  and  the 
coldnefs  grow  much  more  intenfe;  and  this,  fo  far  as  we  yet  know,  to  a  cer¬ 
tain  degree,  whatever  were  the  degree  of  cold  in  the  bodies  before  their  mix  - 
tune.  Alcohol  alfo,  being  thus  mix’d  with  ice,  increafes  its  coldnefs  :  the 
pure,  faline,  acid  fpirits  of  fea-falt,  nitre,  aqua-fortis  and  aqua-regia,  the 
Wronger  they  are,  the  more  intenfe  cold  they  produce,  when  mix’d  with 
ice  •,  but  of  this  we  have  already  treated  fufficiently  in  the  chapter  of  fire. 

78.  Hence,  to  make  the  raoft  perfect  ice,  we  fliould  take  the  pureft  wa-  <ri?e  moft  per*- 
ter,  and  perfedly  purge  it  of  air  by  the  air-pump,  then  freeze  it  in  the  fe-  fell  ice, 
verefl:  froft,  by  means  of  Fahrenheit's  contrivance  ;  for  thus  we  fhould  ob¬ 
tain  an  ice  of  the  greateft  hardnefs,  denfity,  purity,  transparency,  and  gra* 

v<ity  ; .  the  true  phyfical  characters  of  ice  to  the  fenfes  :  though  even  this  ice, 
fo  far  as  we  now  know,  would  immediately  melt  into  water  with  a  heat  of 
30  degrees.  Whence  it  follows,  that  the  utmoft  natural  cold  cannot  convert 
pure  water  into  ftone,  cryftal,  or  gems  ; .  for  this  artificial  cold  is  above 


(0)  There  are  other  ways  to  manTeft  this 
expanfion  of  water  by  freezing:  Mr.  Boyle 
having  poured  a  proper  quantity  of  water  into 
a  ftrong  cylindrical  earthen  vefl'el,  he  expofed 
it,  uncovered,  both  to  the  open  air  in  frofty 
nights,  and  the  operation  of  fnow  and  fait  ; 
and  found  that  the  ice  produced  in  both  cafes, 
reached  higher  than  the  water  before  it  was 
froze. 

So  if  a  concave  cylinder,  made  of  any  com- 
pad  matter,  be  tightly  flopped  at  one  end  with 
wax,  and  filled  with  water  at  the  other,  .and 
then  that -alfo  be  doled  in  the  fame  manner; 
if  this  pipe  be  fufpended  in  an  air  fuf- 
fciently  cold,  the  contained  water  will  be* 
froze,  and  the  floppies  at  both  ends,  or  at  lead 
at  one,  will  be  thrown  out  ;  and  a  rod  of  ice 
appear  thereat,  in  continuation  with  the 
tube. 

A  fione-cuiter  complained  to  Mr.  Boyle, ^ that  ■ 
fometimes,  thro’  the  negligence  of  the  fer- 
vants,  the  rain  being  fufFored  to  foak  into  mar 
hie,  the  violent  frofis  coming  on  would  burft 
the  Hones.  And  another  tradefman  complain¬ 
ed,  that  evenimp lements  of  bell-metal,  being 


40  „k 

carelefly  expofed  to  the  wet,  have  been  bro¬ 
ken  and  fpoiled  by  the  water;  which  having 
entred  at  the  little  cavities  of  the  metal,  was 
there  afterwards  froze,  and  expanded  into  ice. 
A.nd  Cabeus  tells  us,  that  he  favva  huge  veil'd, 
of  exceeding  hard  metal,  fplit  afunder  by  con¬ 
cealed  water. 

Bufcquius  relates,  f  That  at  Confantinople , 

‘  a  monitrous  obehfk,  thrown  from  its  pedetfal 

*  in  the  city,  had  remained  at  its  length  for 
‘  many  ages  ;  till  in  later  times  an  archited: 

‘  appeared,  who  for  a  certain  fum  undertook 
£  to  fet  it  ag^in  upon  its  bafe  ;  and  having  to 
‘  this  end  prepared  abundance  of  machines, 

‘  he  therewith  railed  it  within  an  inch  of  its 

*  due  height ;  then  throwing  water  on  the 

‘  ropes  that  fupported  the  pillar,  they  gradu-  - 

*  ally  contracted,  and  fet  it  upon  its  bale.’  To 
render  this  the  more  credible,  the  like  is  men¬ 
tioned  by.  many  eminent  authors,  as  having 
been  elfewhere  pradifed  ;  and  the  thing  is  .ah-., 
lowed  of  by.  Galilao. 

(p)  Acad,  del  Cimento,  p.  1 63. 

(?)  Ibid.  p.  17K 
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40  degrees  ft  conger  than  that,  where  water  is  faid  to  be  frozen  into  rock* 
cryftal.  In  our  experiments,  no  increafeof  cold  has  made  ice  at  all  more  dif¬ 
ficult  to  melt  than  common  ice. 

79.  When  water  is  perfectly  purg’d  of  air  by  the  air-pump,  and  (hook  in 
fomethingtnore  the  containing  veflel,  it  difeharges  an  infinite  number  of  little  bubbles,  that 
jubtile  than  dart  from  it  like  fparks  of  fire,  and  have  no  appearance  of  air*,  thefe,  there¬ 
fore,  may  polfibly  form  thofe  explofive  unaerial  bubbles,  which  arife  from 
water  long  kept  boiling  over  the  fire,  after  the  air  feems  all  to  have  been 
difeharged  if). 

80.  Nothing  feems  more  capable  of  deceiving  us  than  water:  thus,  in  the 
air,  the  parts  of  water,  being  diipos’d  after  a  certain  manner,  may  form  denfe 
clouds  *,  whereas  the  fame  water  may  be  there  collected  in  a  greater  quantity, 
and  degree  of  denfity,  yet  being  barely  difpos’din  a  different  manner,  it  may 
be  fo  pellucid  as  not  to  appear  to  the  eye.  The  breath,  forcibly  difeharg’d 
from  the  mouth,  when  the  lips  are  contracted,  is  fcarce  vifible  ;  but  when 
gently  let  go,  with  the  mouth  wide  open,  and  meeting  with  a  cold  air,  it 
forms  a  vifible  cloud.  In  fummer,  the  moift  breath  does  not  appear  to 
the  eye  ;  but  in  the  winter  it  appears  like  a  mift.  Hence  chemifts  are  to  be 
admonifhed  to  ufe  hygrometers,  whereby  they  may  determine  the  quantity 
of  water  in  the  air  at  any  time:  which  is  a  thing  of  confequence  to  them  ;  as 
may  appear  from  the  neceftity  of  knowing  the  beft  time  for  preparing  oleum 
tartan  per  deliquium ,  and  oleum  fulphuris  per  campanam. 

The  waves  of  %  i.  When  water  ftands  perfectly  ftill,  its  furface  is  parallel,  or  concentrical, 
water.  with  that  of  the  earth  ;  but  if  any  heavy  body  falls  into  this  ftagnant  water, 
it  drives  a  bulk  of  water  along  the  furface,  equal  to  the  bulk  of  the  body 
thrown  in  :  and  this  expulfion  of  the  water  continues  fucceffively,  fo  long  as 
any  of  the  body  continues  above  the  furface  of  the  water  ;  afterwards  the  bo¬ 
dy  defeends  equably  without  being  perceived;  whilft  the  water,  raifed  by  the 
falling  body  out  of  its  place,  immediately  Hides  into  it  again,  as  footi  as  the 
body  deferts  it  :  whence  an  undulatory  circle  is  made  upon  the  furface  of  the 
water ;  which  circle  is  propagated  from  the  place  where  the  body  fell,  as 
from  a  centre,  and  widens  into  larger  and  larger  concentrical  waves,  whofe 
diameter  increafes  conftantly  12  feet  in  8  feconds  and  a  half ;  whereas  founds 
in  the  air  move  at  the  rate  of  1080  feet  in  a  fecond  :  whence  the  motion  of  a 
wave  of  the  air,  is  to  the  motion  of  a  wave  of  water  nearly  in  the'fame  pro¬ 
portion  as  the  weight  of  water  to  the  weight  of  air,  according  to  the  calcula¬ 
tion  of  M.  de  la  Hire.  Thefe  waves,  though  proceeding  from  different  cau- 
fes,  and  even  interfe&ing  each  other,  ftill  continue  circular,  and  each  of 
them  concentrical  to  its  own  centre ;  and  if,  in  their  progrefs,  they  meet 
with  any  obftacle,  whereby  they  are  refilled  or  reflected,  they  ftill'  go  on, 
with  the  fame  velocity,  as  if  they  had  lfot  been  ohilrudted  :  nay,  what  feems 
ftranger  ftill,  tho’  the  wind  be  with  them  or  againft  them,  it  does  not  hinder 
their  moving  in  the  fame  manner(T). 


82.  When 


(r)  See  Du  II a  ml,  Demonltr.  p.  395.  {t)  See  Memoir,  de  Phyf.  an.  1693.  p.  133, 
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82;  When  pure  water  is,  with  a  gentle  heat,  diftilled  to  perfe<ft  drynefs,.itt  a 
clean  retort,  it  leaves  a  light  fpot,  or  film,  at  the  bottom  of  the  glafs,  and  this 
every  time  the  fame  water  is  rediftill’d  in  a  frefh  veffel  ;  and  if  the  fame  re- 
.  tort  be  ufed  in  rediftilling  the  water,  the  fpot  ©r  cruft  will  grow  a  little  larger 
upon  every  diftillation.  This  experiment  has  been  induftrioufly  profecuted  ; 
infomuch  that  Mr.  Boyle  (t)  relates,  that  water'beifig  carefully  diftilled  in  a 
glafs- veflel,  200  times  over,  an  ounce  thereof  at  length  afforded  fix  drams  of 
a  white,  light,  infipid,  fix’d,  ponderous  earth,  undiflolvable  in  water  ( u ). 
Hence,  many  relying  upon  his  authority,  have  afferted,  that  water,  barely 
by  repeated  diftillation,  might  be  converted  into  true  earth.  And  hence  Sir 
lfaac  Newton  infers,  that  water  thus  chang’d  into  earth,  may  be  ignited  ( x). 
On  this  occafion,  therefore,  I  beg  leave  to  relate  the  fuccefs  of  my  own  ex¬ 
periments  upon  the  fubje^t.  Having  colletfted  a  quantity  of  rain-water, 
in  clean  open  veflels,  placed  on  the  top  of  the  obfervatory  at  Leyden ,  fo  that 
no  foul  water  might  fall  into  them  from  the  building,  I  afterwards  diftill’d, 
to  perfeft  drynefs,  a  large  parcel  of  this  water,  from  a  glafs  retort,  into  a 
pure  receiver,  by  means  of  the  gentle  heat  of  an  athanor,  to  avoid  fmoke ; 
and  found,  at  the  bottom  of  the  retort,  a  white  fpot,  extremely -thin  and  , 
fmall  with  refpedl  to  the  water  j  whilft  a  confiderable  proportion  of  the  wa¬ 
ter  wa3  loft  in  the  operation,  tho*  I  carefully  fecur’d  the  jundbute  of  the  vef- 
fels  with  a  luting  made  of  Jinfeed-meal  and  water.  Whence  I  cannot  con¬ 
ceive,  how  it  is  poffible,  by  any  care,  t(**  prevent  water  from  efcaping  thro*  ' 
the  luting,  before  it  could  be  diftill’d  200  times  over.  In  repeating  my  di- 
ftillations,  I  could  not  but  reflqdr,  that  the  part  of  the  veflels,  unpofiefs’d  by 
the  water,  was  fill’d  with  the  common  air  of  thedaboratory  ;  and  that  this  air 
muft  needs  be  full  of  duft,  rais’d  by  the  motion  of  the  fire,  currents  of  air, 
&;c.  as  we  fee  the  furfaces  of  glafles  in  a  laboratory  are  ufually  thick  co¬ 
ver’d  with  duft.  Whence  I  doubt  not,  that  in  each  diftillation,  frefh  duft  is  . 
added  to  the  former*,  for  if  the  fame  water  be  diftill’d  200  times  over,  and 
always  return’d  back  into  the  fame  veffel,  all  the  duft  floating  in  the  air  of 

thefe  . ; 

(/)  Thisinftar.ee  of  the  convertibility  of  *  fome  parts- of  the  water  into  that  fubftance. 
water  into  earth,  is  fo  confiderable,  that  it  ‘  Herein  he. was  farther  encouraged  by  a  phy- 
may  deferve  to  be  delivered  more  at  large  :  ‘  fician,  who  affured  him,  that  he  had  fre- 

The  author  relates,  *  Tha4;  having  put  a  con-  ‘  quently  found  fuch  white  earpi  in  rain-wa- 
‘  fiderable  quantity  of  diftilled  rain-water  into  ‘  ter,  after  diftilling  thefame  many  times  fuc- 
‘  a  clean  glafs  body,  and  fitted  it  with  a  head  *  ceffively  ;  adding,  that  he  found  no  caufe  to  , 

*  and  receiver,  he  fiiffered  it  to  hand  in  a  di-  ‘  fufpeft,  that  if  he  had  continued  to  re-diftil 

*  geftive  furnace;  till  by  the  gentle  heat  there-  ‘  the  fame  portion  .of  water,  it  would  have 
‘  of,  the  water  was  totally  abftradted,  and  the  ‘  yielded  him  more  earth. .  Laftly,  a  very  in- 
‘  veffel  left  dry ;  \vhen  being  taken  out:  of  the  ‘  genious  perfon,  who  had  tried  various  ex- 
‘  fand,  he  found  the  bottom  of  the  glafs  ‘  periments  on  rain-water,,  put  him  beyond  all 

1  wholly  covered  with  a  whitifh  fubftance ;  *  doubt  about  this  tranfmutation  :  for  he  fo-  . 

*  which  being  feraped  off  with  a  knife,  ap-  ‘  lemnly  affirmed,  on  experience,  that  rain- 

*  peared  to  be  a  fine  earth,  without  any  mani-  *  water,  even  after  diftillation  in  very  clean 

*  fell  tafte. — This  encouraged  him  to  diftil  the  ‘  glafles,  near  two  hundred  times,  afforded 

% **  rain-water  again,  in  the  fame  glafs  body  ;  *  him.  this  white  earth;  and  that  more  confpi- 

'*  at  the  bottom  whereof,  when  the  water  was  *  cuoufly  in  the  latter  diftillations  than  in  the 

*  all  drawn  off,  lay  more  of  the  like  earth,  *  former.’  -Boyle  of  Forms  ajid  Qualities. 

*  which  confirmed  his  conje&ure,  that  the  (a)  See  Boyle,  Origin  of  Forms,  p.  259 — 237. 

‘  earthy  powder  might  Lea  tranfmutation  of  (*)  See  Newton,  Optic.  Latino,  p.  3  uj-. 
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‘  thefe  veHels  muft  thus  be  collected  400  times,  on  account  of  the  water’s  be¬ 
ing  pour’d  backward  and  forward  in  the  open  air.  And  tho*  in  this  cafe, 
fome  of  the  powder  may  be  owing  to  the  feculency  of  the  water j  yet  the 
greateft  part,  doubtlefs,  proceeds  from  the  air.  If  we  calculate,  from  expe¬ 
riments,  the  proportion  of  each  of  thefe. powders,  it  does  not  appear  certain, 
that  the  earth,  obtain’d  in  this  operation,  proceeds  from  the  true  elementary 
fubftance  of  water  :  and  my  fufpicion  is  here  the  ftronger,  as  I  find  Mr.  Boyle 
repeated  the  experiment  only  thrice  himfelf  *,  and  had  it  from  another  che¬ 
mical  hand,  that  an  ounce  of  water,  diftill’d  200  times  over,  afforded  fix 
drams  of  earth.  That  water  may  concrete,  along  with  other  fubftances,  into 
a  true  folid  body,  we  have  feen  above ;  but  that  it  may,  without  the  inter - 
pofition  of  any  thing  elfe,  be  by  diftillation  converted  into  true  earth,  has  not 
hitherto  been  fhewn  by  .fufficient  experience.  I  have  learnt,  by  numerous 
examples,  how  apt  men  are  to  overlook  things  that  mix  themfelves  unex¬ 
pectedly  in  chemical  operations.  And  thus  I  finifh  all  that  I  can  juftly  fay, 
from  our  prefent  natural  philofophy,  upon  this  third  univerfal  inftrument  of 
chemiftry. 


% 
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Of  EARTH. 


OTH  philofophers  andchemifts  ufe  the  word  earth  for  a  principle,  Earth  defined. 
x  or  element,  in  the  compolition  of  bodies,  entering  them  either  as  an 
ingredient,  or  giving  them  a  power  of  performing  various  opera¬ 
tions  in  nature  and  art.  The  word  properly  denotes  a  folTile,  Ample,  hard, 
brittle  body,  that  remains  fix’d,  without  melting,  in  the  fire ;  and  neither 
difiolves  in  water,  alcohol,  oil,  or  air  (a). 

2.  It  is  a  body,  as  having  three  dimenfions,  impenetrability,  figurability.  Explained. 
and  its  own  particular  gravity.  I  judge  it  of  the  foflile  kind  ;  for,  it  is  mixt 
almoft  with  every  foffile,  either  in  a  greater  or  lefs  proportion  ;  tho*  it  is 

hard  to  (hew  it  in  metals.  In  weight  it  exceeds  water, falts,  and  the  fpirits  of 
vegetables  and  animals.  It  every  where  infinuates  it  felf  into  the  bowels  of 
the  earth,  where  it  is  conftantly  found,  and  may  be  dug  up:  but  when  pure, 
it  feems  homogeneous,  or  unmix’d  with  other  elements  ;  whence  we  can  re¬ 
fer  it  to  no  tribe  of  bodies  fo  properly,  as  the  foflile.  When  pure,  or  perfect¬ 
ly  feparated  from  other  bodies,  it  is  confident,  hard,  and  fine,  tho*  brittle 
wifh  regard  to  our  fenfes,  and  eafily  reducible  by  trituration  into  a  certain 
powder;  in  which  refpedl  it  greatly  differs  from  the  true  metals  and  gems; 
tho’  ftill  more  in  this,  that  it  remains  fix’d  and  unchang’d  in  the  molt  vio¬ 
lent  fire ;  even  fo  far,  as  when  pure,  not  to  flow  therein. 

3.  The  dry  remainder,  left  upon  the  careful  diftillation  of  rain-water,  be-  Virgin-earth 
ing  collected,  thoroughly  calcin’d  and  elixated,  affords  a  pure  fubtile  virgin-  obtained  from 
earth  ;  which  feems  to  proceed  from  the  duff  of  the  air  (£),  as  mentioned  at  'waier‘ 

the  end  of  the  preceding  chapter :  for  the  duff  floating  in  the  air  feems  to  be 

principally 


(a)  The  doftrine  of  elementary  earth  here 
delivered,  appears  greatly  to  countenance  Sir 
Ifaac  Newton's  notion  of  the  original  forma¬ 
tion  of  matter  ;  by  {hewing  that  an  unalterable 
folid  fublfance  has  an  exiftence  in  nature.  This 
great  philofopher  is  pleafed  to  tell  us,  it  feems 
to  him,  *  That  God  in  the  beginning  formed 
‘  matter  into  folid,  maffy,  hard,  impenetrable, 
‘  moveable  particle?,  of  fuch  iizes  and  figures, 

*  and  with  fuch  other  properties,  and  in  fuch 
‘  proportion  to  fpace,  as  molt  conduced  to  the 

*  end  for  which  he  formed  thejn  ;  and  that 

*  thefe  primitive  particles,  being  folids,  are 
4  incomparably  harder  than  any  other  bodies 

*  compounded  of  them ;  even  fo  hard  as  never 

*  to  wear,  or  break  in  pieces ;  no  ordinary 
‘  power  being  able  to  divide  what  Gcd  him- 

*  felf  made  one  in  the  firll  creation.  While 
‘  thefe  particles,  fays  he ,  continue  entire,  they 

*  may  compofe  bodies  of  one  and  the  fame  na- 

*  ture  and  texture  in  all  ages:,  but  {hould  they 

*  wear  away  or  break  in  pieces,  the  nature  of 


‘  things  depending  on  them  would  be  chan- 
‘  ged.  Water  and  earth  compofed  of  old, 
‘  worn-out  particles,  and  fragments  of  par- 
‘  tides,  would  not  be  of  the  fame  nature  and 
‘  texture  now,,  with  water  and  earth,  compo- 
‘  fed  of  entire  particles  in  the  beginning.  And 

*  therefore,  that  nature  may  be  tailing,  the 

*  changes  of  corporeal  things  are  to  be  placed 
‘  only  in  the  various  reparations,  and  new  af- 
‘  fociations  and  motionsof  thefe  permanent  par- 
‘  tides  ;  compound  bodies  being  apt  to  break, 
1  not  in  the  midft  of  folid  particles,  but  where 

*  thefe  particles  are  laid  together,  and  only 

*  touch  in  a  few  points.’  Newton's  Opt.  p. 

375’  ^  feim 

( b )  Mr.  Boyle,  in  his  curious  treatife  of  Ef¬ 
fluvia,  obferves,  that  earthy  matter  may  be 
raifed  in  a  very  coniiderable  quantity  into  the 
aaid  to  this  purpofe  relates  from  Agrico- 


air 


la,  an  account  of  a  fhower  of  rain,  which  co¬ 
vered  thekrsets  it  fell  upon,  with  clay. 

P  p  P 
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principally  earth,  attenuated  by  numerous  caufes,  fo  as  to  fit  it  for  being 
fufpended  in  the  air,  and  moved  about  therein,  by  the  winds:  whence 
it  mixes  it  felf  intimately  with  dew,  mifts,  clouds,  rain,  fnow,  hail,  &V. 
And  although  the  earth,  thus  obtain’d  from  the  diftillation  of  rain-water,  be 
fo  fix’d  in  the  fire,  that,  as  Mr.  Boyle  found,  it  would  endure  the  utmoft  vio¬ 
lence  thereof,  without  changing  or  flying  off-,  yet  this  property  does  not 
contradidfc  its  being  volatile,  fo  as  to  float  a  fubtile  powder  in  the  air  :  for,  it 
is  one  thing  to  remain  fix’d  in  a  violent  fire;  and  another,  to  be  carried  away 
with  the  motion  of  the  air  or  wind.  Thus,  if  fine  powder’d  earth  be  put 
into  a  crucible,  and  cover’d  on  all  fides  with  fire,  it  thus  may  reft  unmoved  ; 
whereas,  if  blown  upon  by  bellows,  fo  fine  a  powder  would  immediately  be 
diflipated.  And  thus,  as  clouds  of  water  are  carried  about  by  the  wind,  fo 
are  clouds  of  fand  in  Egypt  and  Lybia  ;  tho’  fand  be  a  fix’d  thing  in  the  fire. 
Here  alfo  it  fhould  be  confider’d,  that  bodies  purely  terreftrial  may  remain 
fix’d  in  the  fire  ;  but,  when  mix’d  with  others,  become  fo  moveable,  as  to  be 
rais’d  into  the  air  by  a  gentle  heat.  Thus,  pure  gold  is  extremely  fix’d  in  the 
fire ;  but  if  firfl:  mix’d  with  regulus  of  antimony,  then  well  ground  with  mer- 
cury-fublimate,  it  is  fo  chang’d,  as  to  fly  into  the  air  with  a  gentle  fire :  in 
like  manner,  pure  earth,  when  feparated  from  all  other  things,  endures  the 
moft  violent  fire  unmov’d  ;  but,  when  mix’d  with  other  bodies,  a  moderate 
heat  may  carry  it  ofFj  as  we  fee  in  wood  burnt  upon  a  hearth  :  where 
fmoke  rifes  to  the  top  of  the  chimney,  and  there  turns  to  foot ;  which, 
when  chemically  treated,  affords  a  large  proportion  of  earth,  here  rais’d 
to  the  top  of  the  chimney,  by  being  mix’d  with  an  oil  and  fait ;  tho’  the 
earth  it  felf,  when  purified,  cannot  be  thus  rais’d  by  any  violence  of  fire. 
Hence,  therefore,  we  have  one  way  of  procuring  pure  earth,  by  the  diftil¬ 
lation  of  pure  water  (c)  ;  tho’  the  earth,  thus  obtain’d,  will  contain  what¬ 
ever  floated  in  the  air  along  with  it,  unlefs  this  be  fo  light  as  to  rife  with  the 
degree  of  heat  employ’d  in  the  diftillation. 

From  calcined  4.  Vegetables,  by  being  burnt  in  an  open  fire,  fall  into  white,  fix’d,  fub- 
•vfgetabies.  tile  afhes,  that  are  eafily  blown  away  with  any  wind.  Every  plant  is  capable 
of  affording  thefe  afhes  ;  which  being  perfectly  elixated  with  rain-water,  fo 
as  to  take  up  all  their  fix’d  fait,  after  the  open  fire  had  totally  confum’d  the 
oil  and  volatile  fait  of  the  fubjetft,  nothing  but  earthy  matter  will  remain 
behind,  along  with  the  wafer  ;  fo  that  thefe  two  being  now  fhook  together, 
and  perfedly  wafh’d,  by  the  repeated  affufion  of  frefh  water,  from  all  ftony, 
fandy,  and  other  folid  particles,  that  will  not  be  fufpended  in  water  ;  and 
the  feveral  turbid  walkings  being  afterwards  fuffer’d  to  reft  together,  till  all 
that  will  fall  to  the  bottom  be  depofited  y  if  the  clear  water  be  then  decant¬ 
ed. 


(<r)  The  great  quantity  of  earth  which  Mr. 
Foyle  obtained  in  proportion  to  the  water  di¬ 
alled,  with  the  probability  there  is,  that  if 
the  operation  was  often  enough  repeated,  the 
whole  body  of  the  water  would  be  thus  conver¬ 
ted  into  earth,  renders  it  impoflible  with  fome 
to  fuppofe  the  phenomenon  entirely  owing  to  the 
caufes  fome  have  imagined.  The  faft,  fay  they, 
is  much  better  accounted  for  by  the  excellent  au¬ 


thor  him'felfjfrom  the  known  and  allowed  effetts 
of  fire  or  fewel,  which  has  the  power  of  making 
new  coalitions  of  particles  in  bodies,  ana 
thence  of  introducing  new  forms :  and  thus 
alcohol  of  wine-  may  be  reduced  to  earth,  as 
well  as  fimple  water,  according  to  Mr.  Boyle . 
See  bis  produciblenefs  of  thymic  at  principles  un¬ 
der  the  article  Earth.  • 


The  Theory  ofCux  mistr  y.  475 

ed,  we  fhall  find  at  the  bottom  a  fine  earthy  fubftance ;  which,  when  dry’d, 
by  a  gentle  fire,  is  elementary  earth,  chemically  obtain’d  from  vegetables. 

This  earth  is  perfectly  infipid,  fcentlefs,  white,  foft,  and  but  little  elaftic  ; 
it  neither  difiolves  in  the  air,  in  water,  in  the  fire,  or  in  oil  •,  it  alfo  remains 
fix’d  in  the  fire,  and  of  it  felf  not  convertible  into  glafs  ;  with  water  it  mixes 
into  a  kind  of  pafte,  whereof  tefts  and  muffles  may  be  made  for  the  refining 
of  gold  and  filver,  and  the  trying  of  ores  :  for,  this  earth  will  long  fuftain 
the  force  of  melted  lead  in  a  violent  fire,  without  vitrifying  or  cracking ; 
but  fuffering  all  imperfect  bodies  to  pafs  thro*  its  pores,  or  vitrify  with 
lead.  And  by  thefe  marks  we  may  know  the  nature  of  pure  earth,  chemi¬ 
cally  obtain’d  from  the  afhes  of  vegetables.  v 

5*  The  fame  kind  of  earth  is  alfo  obtain’d  from  that  part  of  vegetables,  Hom/moh 
which  in  burning  flies  off  in  the  form  of  flame,  fparks,  fmoke,  or  foot  ;  and  an  Q°t% 
this,  whatever  the  Vegetable  be,  whether  recent  or  long  kept,  fharp  or  mild  : 
for  if  foot,  taken  from  the  top  of  a  chimney,  be  calcin’d  in  an  iron-pan,  it 
fmokes,.  ignites,  takes  flame,  and  at  length  falls  into  white  afhes  ;  which, 
when  well  elixated,  afford  an  earth  in  all  refpedts  like  the  former.  Hence 
we  underhand,  that  earth  maybe  render’d  very  volatile,  when  agitated  by  a 
violent  flame,  whilft  mix’d  with  volatile  fubftances  ;  and  that  it  may  thus  be 
carried  to  a  great  height,  diffus’d  thro’  the  air,  and  mix’d  therewith  :  fo  that 
when  black  fmoke  rifes  from  burnt  vegetables,  in  the  form  of  clouds,  earth 
it  felf,  here  made  volatile,  appears  with  the  reft  under  this  form.  So  again,  . 
when  foot  is  diftilled  in  a  glafs-retort,  with  different  degrees  of  fire,  it  affords 
water,  fpirit,  volatile  fait,  and  different  oils  ;  leaving  behind  a  black  mat¬ 
ter,  which,  when  burnt  in  an  open  fire,  and  elixated  with  water,  affords  the 
fame  kind  of  earth  as  in  the  foregoing  experiments.  This  fhewsus,  that  the 
force  of  fire  is  able  to  raife  even  earth  it  felf,  along  with  water,  oil  and  fait ; 
and  that  the  earth,  fo  rais’d,  is  of  the  fame  nature  with  that  obtain’d  from  the 
fix’d  afhes  of  plants  after  burning :  which  fhews  us  an  unexpetted  pro¬ 
perty  of  earth  ;  for  the  earth,  which  was  fo  volatile  in  burning  as  to  rife  in 
fmoke  or  foot,  yet  after  it  comes  to  be  feparated  by  diftillation,  or  calcina¬ 
tion,  from  all  aqueous,  oily  and-faline  particles,  it  then  proves  as  fix’d  as  the 
earth  of  the  vegetable,  remaining  in  the  fix’d  afhes  after  burning.  And  hence, 
earth,  when  alone,  is  fix’d  in  the  fire  ;  but  if  intimately  mix’d  with  oils  and 
falts,  it  is  by  their  means  eafily  volatiliz’d.  This  fhews  us,  how  full  the  air 
mu  ft  be  of  a  true  earthy  matter;  efpecially  in  thofe  places  where  vegetables 
are  continually  burnt.  •  • 

6.  All  the  known  vegetables,  if  diftill’d  by  the  retort,  with  the  feveral 
degrees  of  fire  up  to  the  laft,  are  thus  feparated  into  two  different  parts,  the  Uon' 
one  being  rais’d  by  the  force  of  fire,  and  carried  into  the  receiver ;  whilft  the 
other  cannot  be  fo  rais’d,  but  remains  behind  at  the  bottom  of  the  retort,  in 
the  form  of  a  black,  fix’d  coal,  not  to  be  farther  chang’d  by  this  means,  as 
Helmont  related,  and  Dr.  Hooke  fhew’d  by  experiment.  It  is  commonly 
fuppofed  by  chemifts,  that  water,  fpirits,  oils,  and  volatile  falts,  rife  as  vo¬ 
latile  parts  into  the  receiver,  under  the  form  of  liquors;  whilft  the  earth,  the 
fix’d  fait,  and  a  little  fix’d  oil  remain  behind  at  the  bottom  of  the  retort.  The 
truth  is,  the  firft  volatile  part  in  this  operation  differs  from  it  felf,  as  confift- 
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mg  of  water,  fpirit,  acid  fait,  alkaline  fait,  and  different  oils  ;  which,  when 
all  mixed  together,  conftitute  a  fubftance  like  that  of  fmoke  or  foot,  but 
with  this  difference,  that  when  thefe  principles  are  rais’d  by  an  open  fire, 
they  afcend  more  copioufly,  and  in  a  groffer  form,  than  when  diftill’d  in  a 
clofe  veffel.  Whence  an  equal  quantity  of  the  fame  vegetable  fubjadt  affords 
much  lefs  afhes,  upon  being  burnt  in  an  open  fire  ;  as  a  much  larger  propor¬ 
tion  of  coal  and  afhes  remains  in  the  retort  after  diftillation  :  but  if  all  that 
pafs’d  into  the  receiver,  in  the  operation,  be  again  diftill’d  to  drynefs,  a  black, 
fix’d  coal  will  thus  conftantly  remain  at  the  bottom  of  the  veffel  ;  and- can 
never  be  render’d  volatile  by  the  moft  long-continued  violent  fire  ;  tho’ 
imoke  indeed  will  be  thus  rais’d  from  it.  If  the  remaining  light  and  fpongy 
voal  be  at  length  taken  out,  and  calcin’d  in  a  clean  veffel  in  a  naked  fire,  it 
will  burn,  take  flame,  lofe  all  its  blacknefs,  and  leave  a  white  fubftance;. 
which,  when  duly  elixated,  will  prove  the  fame  virgin-earth  as  above-men¬ 
tioned  :  whence  again  it  is  plain,  that  this  earth  rifes  along  with  water,  falts, 
fpirits  and  oils,  in  the  diftillation  of  vegetables..  If  the  oil,  obtain’d  in  this 
diftillation,  be  in  the  fame  manner  diftilled  with  all  the  degrees  cff  fire,  a. 
much  purer  and  more  penetrating  oil  will  come  over  into  the  receiver  :  and 
by  repeating  the  operation  feveral  times,  an  oil  may  be  thus  obtain’d  fo  thin 
and  fubtile,  as  to  refemble  alcohol ;  but  then  a  large  part  will  at  each  diftil¬ 
lation  vanifh  into  the  air;  and  the  peculiar  fpirit,  which  gave  the  fmell  and 
tafte  to  the  oil,  be.  totally  loft;  whilft  every  time,  a  black  coal  conftant¬ 
ly  remains  at  the  bottom  of  the  receiver,  and  can  never  be  made  volatile,  nor 
to  afford  any  fait ;  tho’  when  burnt  in  an  open  fire,  it  yields  white  afhes,  and 
a  confiderabie  proportion  of  true  elementary  earth  :  and  how  often  foever 
the  oil  be  thus  diftill’d  over,  it  depofits  earth  every  time  ;  fo  that  at  length 
the  principal  part  of  the  oil  may,  by  this  means,  be  converted  into  pure  Ample 
earth,  as  appears  from  the  experiments  of  Mr.  Boyle  (d). 

7.  Hence  it  appears,  that  the  fame  earth  is  producible  from  all  the  parts 
of  vegetables  ;  the  fenfes  not  being  able  to  perceive  theleaft  difference  in  dif¬ 
ferent  parcels  of  earth,  thus  procur’d  :  and  all  this  earth,  if  perfectly  pure,„ 
is  fo  fix’d  in  the  fire,  as  fcarce  to  fuffer  the  leaft  change  by  the  utmoft  vio¬ 
lence  thereof;  yet,  when  mix’d  with  other ’volatile  parts  of  vegetables,  it 

then  becomes  volatile  in  the  fire,  whether  apply’d  in  the  way  of  open  calci¬ 

nation,  or  clofe  diftillation.  Again,  we  fee  that  no  volatile  part  of  a  vege¬ 
table  renders  earth  more  highly  or  more  eafily  volatile  than  oil  ;*but  among 
the  various  kinds  of  oil,  which  nature  or  art  produces  from  vegetables,  there 
is  none  that  carries  off’  more  earth  than  that  grofs  pitchy  fort  which  rifes 
laft,  in  diftillation,  with  the  higheft  degree  of  fire.  Whence  the  fuperior 
weight,  thicknefs  and  tenacity  of  this  oil,  feem  owing  to  the  greater  quantity 
of  earth  it  contains  :  and  accordingly,  if  depriv’d  of  its  earth  by  diftilla¬ 
tion,  this  oil  becomes  proportionally  thinner,  lighter,  and  more  volatile. 
Earth hf.x'd  8-  The  better  to  underftand  the  nature  of  this  earth,  it  is  proper  to 

alcali.  "  confider  the  fix’d  alcaline,  faline  part  of  the  afhes,  obtain’d  by  the  calcination 

of  vegetables ;  which  faline  part  is  wafh’d  away  from  them,  by  the  water 
ufed  in  their  elixation.  One  might  be  apt  to  fufpedt,  that  no  earth  would 

remain 

[d )  See  Boyle,  Scept.  Chym.  paffiim 
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remain  in  this  fait  •,  as  it  is  manifeft,  that  earth  was  left  undiffolvM  by  the 
water,  which  diffolv’d  the  fait  and  carry’d  it  thro’  the  filtre  in  purifying  the 
lixivium,  after  the  terreftrial  fasces  were  by  long  reft  fallen  to  the  bottom, 
and  that  the  folution  paft  thro’  the  filtre  as  limpid  as  water  ;  in  which  ftate  this 
liquor  being  examin’d,  even  by  the  microfcope,  no  figns  of  an  earthy  matter 
will  appear  therein;  and  if  kept  for  years  in  a  veffel  perfectly  clos’d,  it  de- 
pofits  nothing  terreftrial:  yet  if  this  pure  lixivium  be  put  into  a  clean  glafs, 
and  fet  in  a  quiet  place,  where  no  duft  can  come,  till  it  acquires  the  con¬ 
fidence  of  oil  ;  and  this  thick  liquor  be  afterwards  boil’d  in  an  iron-pan  to 
perfetft  drynefs,  it  leaves  a  pure  fix’d  alcaline  fait  at  the  bottom  ;  which  be¬ 
ing  melted  in  a  ftrong  fire,  then  pour’d  into  a  brafs  mortar,  and  reduc’d  to 
powder,  and  afterwards  fuffer’d  to  run  per  deliquium ,  there  will  be  found  at 
the  bottom  of  the  containing  glafs  a  white,  earthy  powder;  which,  when 
wafh’d  from  all  the  adhering  fait,  proves  to  be  perfect  earth,  like  that  ob¬ 
tain’d  from  vegetable  afhes.  And  if  the  liquor,  thus  obtain’d,  be  again  eva¬ 
porated,  and  the  fait  again  calcin’d  and  run  per  deliquium ,  it  thus  alfo  de- 
pofits  more  earth  ;  and  by  repeating  the  operation,  a  very  large  part  of  the 
fixed  alcaline  fait  may  thus  be  turn’d  into  pure  fimple  earth,  which  in  the 
burning  was  fo  united  with  the  faline  principle,  as  to  give  it  the  form  of  an 
alcaline  fait ;  whilft  that  faline  principle,  by  repeated  calcination  and  folution 
in  the  open  air,  feparates  itfelf,  flies  off  into  the  air,  and  leaves  only  the 
earth  behind.  If  all  this  earth  be  carefully  collected  and  weigh’d,  it  will 
be  found  much  lighter  than  the  fait  employ’d  ;  which  fhows  that  a  large  part 
of  the  fait  is  thus  render’d  volatile,  and  flies  off. 

9.  As  this  experiment  is  always  made  with  the  fame  fuccefs,  we  may 
learn  from  it,  that  earth  was  contained  in  the  fix’d  alcaline  fait,  from  which 
it  is  thus  procur’d;  tho’  it  before  lay  fo  conceal’d  therein,  as  to  be  perfectly 
diffolvable  in  water,  a  property  otherwife  repugnant  to  the  nature  of 
earth.  Hence  alfo  it  appears,  that  pure  earth,  when  united  to  another 
principle,  may  be  perfectly  diffoly’d  in  water,  tho’  not  at  all,  when  it 
exifts  feparate  ;  unlefs  we  fhould  here  fuppofe,  that  the  fait  by  this  repeat¬ 
ed  calcination  and  folution  is  adtually  converted  into  earth.  But  this  fup- 
pofition,  fo  far  as  I  know,  is  confirm’d  by  no  argument  or  experiment 
and  therefore  paffes  with  me  for  a  fuppofition,  contrary  to  the  conftant 
courfe  of  nature,  which  always  adds  in  the  fame  way,  and  by  the  fame  means: 
for,  it  has  never  hitherto  appear’d,  that  one  element  prevails  over  another; 
but  that  they  all  preferve  their  refpeeftive  proportion,  or  aflign’d  balance 
among  themfelves,  from  their  firft  creation  to  the  prefent  time.  On  the 
other  hand,  we  learn  from  numerous  examples  in  chemiftry,  that  when  earth 
is  united  with  other  faline  principles,  it  may  thus  be  diffolv’d  by  water  into 
a  liquor,  where  no  terreftrial  matter  app:ars  :  fo  for  inftance,  in  glafs,  the 
earth  united  to  the  alcaline  fait  forms  a  pellucid  mafs,  which  yet,  according 
to  Helmont ,  may  again  be  refolv’d  into  alcali  and  earth.  So  likewife,  all 
the  metals,  diffolv’d  by  their  proper  menftruums,  appear  pellucid  ;  tho’  the 
metals  may  feverally  be  recover’d  from  them,  opake,  entire  and  unchanged. 
Thus  again,  chalk,  ftones,  (hells,  earths,  by  means  of  fifline  liquors  feem 
convertible  into  pure  falts ;  tho’  thefe  folutions  may  by  various  means  he 

again 
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again  refolv’d  into  their  folvent  liquors  and  earthy  fubftances  refpecftively, 
as  we  fee  in  the  bufmefs  of  precipitation. 

io.  We  may  learn  from  the  preceding  experiments,  (i.)  That  fix’d  al- 
caline  falts,  obtained  from  vegetables  by  calcination,  owe  their  chiefeft  part 
to  true  elementary  earth,  which  contributes  to  compofe  them.  {2.)  That 
this  earth  is  fo  conceal’d,  mix’d  or  united  in  thefe  falts,  whilft  they  remain 
alcaline  and  fix’d,  as  to  be  difcoverable  by  no  fign  ;  and  thus  even  diffolve 
with  water,  or  a  motft  air  into  a  pellucid  liquor.  (3.)  That  this  earth  of 
vegetables  can  only  be  thus  attenuated  by  the  extreme  violence  of  a  calcining 
fire  ;  which  thus  in  the  open  air  intimately  unites  the  earth,  fo  fubtilized, 
along  with  the  other  alcaline,  faline  principle,  that  from  the  two,  fo  join’d, 
fixed  alcali  a-rifes,  as  a  creature  of  the  fire.  For  charcoal,  clofely  confin’d  in 
an  iron  veffel,  and  long  detained  in  a  violent  heat,  ftill  remains’  a  black 
coal,  that  holds  no  alcaline  fait ;  but  when  expos’d  to  an  open  fire,  it  pre- 
fently  turns  to  afhes  that  contain  a  fix’d  fait:  which  fhews,  that  this  fait 
did  not  pre-exift  in  the  vegetable,  but  is  produced  by  the  fire,  uniting  the 
earth  to  the  other  concurring  part,  in  the  open  air,  and  not  in  a  clofe  veffel. 
And  it  plainly  appears,  that  this  fixed  alcaline  fait  is  merely  produc’d  by  the 
force  of  fire  in  the  open  air ;  becaufe  if  any  vegetable  whatever,  be  only 
burnt  to  a  black  coal,  either  in  a  clofe  veffel,  or  in  the  open  air,  this  black 
coal,  ground  to  powder,  and  boiled  in  water,  communicates  no  fix’d  alcaline 
to  the  water  ;  but  when  once  reduc’d  to  white  afhes  by  an  open  fire,  thefe 
afhes  yield  a  true  alcaline  fait,  by  being  boil’d  in  water.  Hence,  therefore, 
■the  earth  of  vegetables  being  attenuated,,  by  the  utmoft  violence  of  an 
open  fire,  whereby  the  oil  is  confum’d,  and  uniting  intimately  with  the  other 
part,  is  what  conftitutes  fix’d  alcaline  falts  ;  nor  do  I  know  any  other  origin 
thereof.  (4.)  Fix’d  alcaline  falts,  therefore,  are  not  fimple  fubftances,  but 
compounded  of  two  different  principles  intimately  united.  (5.)  It  is  very 
probable,  that  the  burning  of  vegetables  firft  attenuates,  then  combines  this 
earth  with  the  native  fait  naturally  contain’d  in  plants,  and  which  ufually 
exifls  in  them  under  a  faponaceous  form,  or  a  mixture  of  oil  and  fait ;  fo 
that  the  fire,  firft  mixing  thefe  together,  afterwards  confumes  the  largeft 
part  of  the  oil,  and  thus  converts  the  fait,  the  earth  and  the  remaining  grofs, 
black  oil,  into  a  black  coal  ;  wherein  the  faline  part  is  fo  cover’d  and  de¬ 
fended  by  the  oil  and  earth,  that  water  cannot  diffolve  the  fait,  till  a  ftronger 
fire,  coming  to  be  longer  appiy’d,  confumes  all  the  black  oil,  which  ferv’d 
as  a  cement  to  the  earth  and  fait*,  whereby,  the  faline  part,  of  itfelf  con- 
fiderably  volatile,  now  feems  to  be  fix’d,  and  concreted  with  the  fubtile 
earth :  after  the  fame  manner  as  fix’d  alcaline  fait,  long  detain’d  in  the  moft 
violent  fire,  at  length  becomes  volatile  and  flies  off ;  but  if  mix’d  with  a 
.  certain  proportion  of  earth  or  afhes,  turns  to  glafs,  which  long  remains 
confiderably  fix’d  in  the  fire.  (6  )  Hence  there  is  no  fimple  fait  of  a  fix’d 
nature  in  vegetables,  but  its  fixeinefs  is  totally  owing  to  the  earth  melted 
into  it  by  the  fire  s  for,  if  vegetables  are  long  kept  dry,  or  expos’d  to  the 
changes  of  the  ^ir,  or  if  perfectly  putrefy’d,  they  leave  no  fix’d  fait  in  their 
afhes.  (7.)  And  hence,  thefe  fix’d  alcaline  falts,  thus  produc’d,  are  again 
rcfolvable  into  jjaeir  two  principles,  by  the  means  above-mentioned  :  viz.  into 
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a  pure,  Ample,  volatile,  imperceptible  fait,  and  a  pure  fubtile  indolent  fix’d 
earth.  (8.)  Hence  it  Teems  much  more  probable,  that  thefe  fix’d  Talcs  fhould 
be  produc’d  Trom  earth  and  fait,  in  the  manner  juft  mention’d,  than  from 
the  intimate  union  of  earth  and  water:  Tor  in  what  manner  Toever  water 
is  apply’d  to  pure  earth,  in  chemical  operations,  a  fix’d  alcaline  Talt  is  never 
found  to  ariTe  therefrom  ;  tho’  the  fire  apply’d  be  everToftrong.  ("9.)  This 
earth  is  obtain’d  always  the  Tame,  and  in  a  large  quantity,  from  water,  fpi- 
rits,  volatile  Tales,  fix’d  Talts,  and  oils,  when  chemically  treated  in  a  proper 
manner  for  the  purpofe :  whilft  all  of  them,  if  perfedtly  freed  Trom  earth, 
are  To  attenuated  and  volatilized,  as  to  efcape  the  notice  of  the  fenfes,  and 
fly  off  into  that  univerfal  receptacle,  the  atmofphere ;  Tcarce  any  veflels  being 
able  to  detain  any  of  them  except  v/ater  and  Tolid  earth.  Whence  the 
ancient  chemifts  properly  Taid,  that  fpirits  are  held  down,  or  kept  from  fly¬ 
ing  away,  by  oils  or  Tulphur  j  that  earth  was  the  only  thing,  which  could 
detain  Tulphur  and  Talts  ;  and  confequently,  that  earth  was  the  caufe  of  Axed- 
nefs.  Upon  the  whole  it  appears,  that  this  earth  is  the  Tame  in  all  vegeta¬ 
bles,  and  perhaps,  an  unchangeable  principle. 

11.  We  next  proceed  to  enquire  into  the  earth  of  animals.  It  has  ever  Earth  from 
been  obferved  that  all  kinds  of  animals,  expos’d  to  a  warm  moift  air,  pre-  putrefy  dani- 
fently  putrefy  after  death,  even  in  a  lefs  degree  of  heat  than  that  of  the  mals' 
body  in  health  ;  and,  by  this  putrefadion  they  are  in  a  fliort  time  To  chang’d, 

that  their  entire  bodies  refolve  into  a  fetid  Tubftance,  which  flies  off  To  co- 
pioufly  into  the  air,  as  to  leave  only  a  very  Tmall  Tolid  portion  behind. 

Thus  the  bodies  of  whales,  elephants,  camels,  horfes,  men,  &c.  are  Toon 
confum’d  to  the  bones,  and  vanifh  into  the  atmofphere  :  Tor,  thus  the  water, 
the  Tpirit,  the  oil,  and  Talt  of  the  fubjedts,  evaporate  in  time,  leaving  nothing 
behind  but  a  Tmall  quantity  of  Ample,  indolent,  terreftrial  matter,  like  the 
virgin-earth  obtained  from  rain  and  vegetables,  in  the  manner  above-men- 
tion’d.  '  Thus,  we  And  in  the  church-yards  of  populous  cities,  the  car- 
cafles  that  are  there  buried,  turn  to  To  little  earth,  as  Tcarce  raifes  the  ground 
higher.  Hence  we  Tee,  that  both  the  fluid  and  Tolid  parts  of  animals  are 
fo  volatile,  as  totally  to  exhale  by  the  bare  adlion  of  the  air  ;  whilft  only  their 
earthy  part  remains  Ax’d,  and  does  not  fly  off  with  the  reft :  which  earthy 
part,  when  clofely  examined,  appears  to  be  only  the  crumbly  Tubftance  of 
the  bones,  or  light  allies,  eaflly  difperfed  by  a  gentle  wind. 

12.  Let  us  proceed  to  trace  this  earth  in  animals,  where  we  Thall  And  -that  Yrcm  diftildd 
their  juices,  when  converted  into  a  true  animal  nature,  and  diftill’d  in  animal fluid** 
clean,  well-clofed  veflels,  with  fucceflive  degrees  of  Are  up  to  the  higheft, 

will  flrft,  with  the  heat  of  two  hundred  and  twelve  degrees,  afford  an  in¬ 
credible  proportion  of  water  j  which  in  moft  refpe&s  relembles  that  obtain’d 
from  vegetables.  In  the  Tame  manner,  with  the  next  degree  of  heat,  after 
all  the  water  is  expell’d,  and  the  mafs  grown  dry  and  Tcorch’d,"  there  comes 
over  a  light,  yellow  liquor,  lefs  volatile  than  the  v/ater,  and  called  by  the 
name  of  Tpirit  ;  having  a  ftrong  Tmell,  and  being  To  (aline,  as  to  raife  an 
effervefcence  with  acids:  this  Tpirit,  being  again  diftill’d  by  itfelf,  affords 
fome  faeces,  which,  when  calcin’d  and  purify’d,  yield  a  little  Axed  earth, 
perfedlly  of  the  Tame  nature  with  the  former.  Whence  it  is  plain,  that  earth 

afeends 
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afcends  with  this  fpirit,  and  may  he  obtained  from  it.  If  the  fire  be  now  in¬ 
creas’d,  the  remaining  matter  affords  the  diftill’d  animal  oils  in  a  confidera- 
ble  quantity  ;’  which,  being  again  diftill’d  by  themfelves,  leave  a  copious 
fixed  earth  at  the  bottom,  like  the  diftill’d  vegetable  oils  above-men- 
tion’d  :  whence  we  fee,  thefe  animal  oils  alfo  are  convertible  into  earth 
by  a  repeated  diftillation,  till  at  length  they  remain  of  a  fubtile  and  almoft 
fpirituous  nature  ;  being  thus  freed  "from  their  earth,  which  gave  them 
their  groflhefs,  tenacity,  and  fixednefs.  The  volatile  fait,  which  here 

rifes,  in  part,  together  with  the  oils,  and  in  part,  feparately,  after  them, 
always  at  firft  holds  a  copious  oil,  intimately  mix’d,  which  by  its  vifcofity 
fixes,  detains,  and  binds  down  the  fait :  for,  as  foon  as  all  oil,  is  by 
the  proper  operation  perfedly  feparated,  this  fait  immediately  becomes 
totally  volatile,  and  leaves  no  faeces  behind  it  upon  repeated  diftilla¬ 
tion  :  tho’  it  always  leaves  an  indolent  water  at  the  bottom,  after  be¬ 
ing  fublim’d  by  a  foft  fire  ;  for,  this  water  adheres  fo  to  the  fait,  tho*  in 
appearance  ever  fo  dry,  as  to  manifeft  itfelf  by  remaining  behind  upon  a 
gentle  fublimation  :  nor  can  this  water,  fcarce  by  any  other  means,  be  fo  far 
feparated  from  the  fait.  Whence  all  the  fixednefs,  which  we  find  in  native 
animal  falts,  feems  wholly  owing  to  native  animal  oil,  whereby  they  are 
detained  •,  whilft  this  oil  itfelf  owes  all  its  fixednefs  and  tenacity  to  the  earth 
combined  therewith :  this  earth  being  the  true  cement,  that  binds  down  the 
animal  fait,  which  would  otherwife  be  too  volatile.  When  by  the  violence 
of  the  fire,  the  former  oils  are  driven  over  ;  there  arifes  another,  of  a  black, 
grofs,  clammy,  pitchy  nature,  which  often  fills  the  whole  neck  of  the  re¬ 
tort,  and  comes  into  the  receiver  like  rarify’d  pitch.  This  oil  is  more 
ponderous  than  all  the  liquors  that  came  over  before  •,  and  upon  being  re- 
diftilled,  leaves  a  copious  earth  in  the  retort,  though  urged  with  ever  fo 
violent  a  fire :  and  if  the  diftillation  be  often  repeated,  the  oil  becomes  every 
time  more  liquid,  and  conftantiy  leaves  a  large  proportion  of  earth  behind. 
Thus  upon  re-diftiliing  ieveral  pounds  of  the  fetid  oil  of  hartlhorn,  in 
order  to  rectify  it;  after  many  repeated  operations,  I  obtained  a  thin,  pel¬ 
lucid,  volatile  oil ;  and  a  large  quantity  of  black,  undtuous,  terreftrial  fub- 
ftance  ;  which  being  burnt,  with  an  open  fire,  afforded  pure  earth  :  whence 
I  was  convinced,  that  this  laft  grofs  oil,  tenacioufiy  adhering  to  the  earth, 
is  made  to  rife  therewith  by  a  violent  fire ;  fo,  tho*  this  fubftance  be  called 
oil,  yet  a  large  part  thereof  is  mere  earth,  that  may  be  volatilized  with  oil, 
by  a  ftrong  heat  ;  whilft  the  peculiar  properties-  of  fuch  oils  depend  little 
upon  the  true  oil  itfelf,  but  chiefly  upon  earth,  and  the  great  degree  of  heat 
required  to  raife  them  :  for,  hence  proceeds  their  fuperior  fixednefs,  tenacity, 
and  weight  ;  of  all  which  they  are  deprived,  when  well  purged  of  their 
earth.  Whence  again,  we  underftand  that  earth  is  intimately,  and  almoft  in- 
leparably  mixed  with  all  animal  oils  ;  and  that  this  admixture  conftantiy 
hinders  their  volatility  :  for  as  oils  volatilize  earth  in  the  fire;  fo  earth  mixed 
with  oils,  always  leffens  their  volatility  ;  and,  as  volatile  fpirits  are  render¬ 
ed  lefs  volatile  by  oil  ;  fo  volatile  oils  are  rendered  more  fixed  by  earth. 
If  the  black  fixed  fubftance,  that  now  remains  behind  in  the  retort,  be  for  a 
long  time  urged  with  the  utmoft  degree  of  heat,  thick,  ftiining,  blue  fumes 
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will  at  length  arife,  together  with  little  fiery  fparks  ;  which,  being  received 
into  cold  water,  are  there  condenfed,  and  falling  to  the  bottom,  form  little 
mafles,  called  by  the  name  of  folid  phofphorus  •,  as  the  former,  coming  over 
in  fumes,  might  be  called  liquid.  This  phofphorus,  if  expofed  to  the  air, 
burns  with  a  bright  flame,  confumes  and  flies  away  with  a  particular  flench ; 
leaving  a  thick,  acid,  and  fomewhat  terreftrial  water  behind  it.  Whether 
this  phofphorus  be  a  production  of  the  fire,  or  of  an  animal,  or  vegetable 
fubftance,  or  of  all  three  together,  may  be  queftioned  ;  but  if  we  confider, 
that  it  burns  in  the  air,  never  diflolves  in  water,  and  melts  like  wax,  with 
heat,  at  the  bottom  of  water  ;  it  fhould  feem  to  be  rather  of  an  oily, 
than  of  a  faline,  or  earthy  nature  :  though  it  greatly  differs  from  all  other 
bodies,  that  go  by  the  name  of  oils  ;  and  contains  but  very  little  earth. 

13.  The  matter,  remaining  in  the  retort,  after  all  thefe  operations,  ftill  con-  The  correfpo*- 
tinues  black  *,  but,  if  carefully  taken  out  of  the  veffel,  and  calcined  in  an  de™e 
open  fire,  it  becomes  white,  terreftrial,  and  retains  its  priftine  figure.  This  vegetables ! 
hiftory  of  animal,  and  vegetable  earth,  fhews  us  the  great  affinity  there  is  be¬ 
twixt  animals,  and  vegetables  ( d ) :  and  as  they  agree  in  fo  many  refpe&s, 

it  is  no  wonder,  that  animals  fhould  often  confift  of  mere  vegetables,  with 
the  interpofition  of  water,  and  the  afliftance  of  the  concreting  faculty  5  ac¬ 
cordingly,  we  every  where  find,  that  the  bodies  of  animals  are,  in  many 
refpeCts,  only  altered  vegetables;  the  principal  difference  between  them,  con¬ 
fiding  in  their  falts,  which  in  many  vegetables  are  acid  or  auftere ;  contrary  to 
what  we  obferve  in  animals,  where  the  falts  are  never  found  to  be  auftere,  or 
ficid.  This  at  leaft  holds  of  the  juices  of  animals  perfectly  changed  by  the 
powers  of  the  body  into  an  animal  nature.  .Again,  the  falts  of  molt  vege¬ 
tables,  obtained  by  burning,  are  fixed  ;  whereas,  no  fixed  alcaline  fait  has 
ever  been  found  upon  burning  the  bodies  of  animals.  Some  vegetables,  how¬ 
ever,  contain  a  volatile  fait,  like  that  of  animals  :  for  inftance,  fcurvy-grafs, 
muftard,  &c.  Earth,  or  oils  containing  a  copious  earth,  feem  to  make,  by 
their  mixture,  the  principal  difference  betwixt  the  fixednefs  of  animal  and 
vegetable  fait  :  whence  it  fhould  follow,  that  earth  is  lefs  intimately,  and 
lefs  copioufly  united  with  the  oils  and  falts  in  animals,  than  in  vegetables. 

14.  When  vegetables  are  perfectly  putrefied,  their  nature  is  fo  changed,  Putrefafiion 
as  upon  burning  to  afford  no  fixed  alcaline  fait ;  but  all  their  fait  is  now  Separates  the 
volatile,  as  in  animals  :  whence  elementary  earth  is  by  no  operation  fo  eafily  ^tables  "  ? 
feparated  from  all  the  other  principles  of  vegetables,  as  by  putrefaction  ; 

which  wonderfully  feparates  and  divides  the  principles  from  one  another  ; 
deftroying  the  priftine  form  of  the  fubjeCt,  and  rendering  the  principles  of 
animals  and  vegetables  nearly  the  fame.  And  thus  putrefaction  difpofes  their 
bodies  to  generate  new  matter  in  the  air,  water,  and  earth,  fit  for  fertilizing 
the  ground ;  fupplying  new  vegetables,  and  fupporting  animals  :  whence, 
all  putrefied  bodies  make  excellent  manure  ;  and  all  animals,  when  putrefi¬ 
ed,  continually  afford  frefh  matter  for  fertilizing  the  earth. 

J5* 

( d)  To  render  the  earths  of  the  fubjefts  of  and  the  other  principles  be  perfe&ly  feparated 
different  kingdoms  perfectly  alike,  the  opera-  from  the  terreilrial  one,  by  calcination,  re- 
tion  muff  be  performed  with  great  exadneft,  peated  fclutions  in  water,  filtration,  c. 

Q.q  q 


4^2 

fermentation 
does  not  fepa- 
r ate  the  earth. 


Earth  from 
burnt  ani¬ 
mals. 


Earth  in 
MU. 


*The  n^eory  of  Chemistry* 

i  5.  But  though  putrefaction  thus  feparates  the  earth  from  the  other  prin¬ 
ciples  of  animals  and  vegetables,  and  renders  them  volatile  ;  yet  fermen¬ 
tation  does  not  do  the  fame.  Fermentation,  indeed,  moves  the  parts  of  ve¬ 
getables  ftrongly,  for  a  long  time,  but  can  never  extricate  the  earth  from 
the  fait  and  oil ;  and  therefore  does  not  bring  vegetables  to  an  ani¬ 
mal  nature  ;  but  increafes  the  acidity  of  their  falts,  which  by  burning, 
afford  fixed  alcali ;  as  we  fee  in  tartar.  Indeed  fermentation  changes  one  kind 
of  vegetable  oil  into  alcohol ;  but  does  not  thus  convert  all  the  oil  of  the 
fubjedr. 

16.  The  intire  bodies  of  animals,  being  burnt  to  white  afhes,  and  ground 
to  powder,  afford  a  pure  earth,  clear  of  all  oil  and  fait ;  fo  that  it  can¬ 
not  be  diftinguifhed  from  that  procured  by  the  above-mentioned  operations 
from  animals:  and  may  therefore  be  ufed  in  all  kinds  of  experiments,  for 
the  fame  purpofes.  And  hence,  we  learn  the  nature  of  elementary  earth, 
which  enters  as  a  principle  into  the  compofition  of  animals  and  vegetables  ; 
in  both  which  the  earth  feems  to  be  the  fame,  without  any  confiderabie 
difference  :  for,  tefts  may  be  made  as  well  from  the  wafh’d  afhes  of  vegeta¬ 
bles,  as  from  the  pureft  earth  of  animals,  whether  it  be  of  fifh,  birds,  beads, 
or  their  horns,  hoofs,  flefh,  ( e ).  This  earth,  therefore,  has  the 
fame  ufe  both  in  animals  and  vegetables^,  and  affords  to  both  their  folid  fup- 
port,  or  a  firm  balls  for  their  other  elements  ;  all  which  are  united  to  this 
earth,  in  order  to  be  fixed,  detained  and  formed  into  particular  bodies  :  for 
it  is  the  earth  alone,  that  gives  to  each  its  form  ;  and  if  deprived  thereof, 
the  other  principles  fall  into  an  uninformed  mafs,  or  become  unconnected, 
volatile,  loofe,  and  fhatter’d  :  the  earth  being  the  band  of  union,  that  holds, 
ranges  and  affociates  the  other  parts  together ;  and  making  one  body  of 
the  whole,  enables  it  to  perfevere  and  refill  the  air,  the  water,  the  fun,  and 
a  certain  degree  of  heat,  without  falling  afunder  ;  though  itfelf  requires  the 
afliftance  of  water,  or  oil,  as  a  cement  to  conneCt  its  own  loofe  particles 
together  into  a  folid  mafs. 

17.  We  next  proceed  to  inquire  after  this  earth  infoffils;  and  firft,  in 
foffil  falts.  If  nitre,  fal-gem,  fea-falt,  or  any  other  pure,  native  mineral 
falts  be  diffolved  in  fair  water,  and  long  digefted  in  clofe  veffels,  they  will 
let  fall  an  earth,  not  foluble  in  water :  if  the  liquor  be  now  poured  off  clear, 
evaporated  to  a  pellicle,  and  fet  in  a  quiet,  cool  place,  it  will  fhoot  into  pure 
faline  cryftals,  of  a  determinate  figure,  peculiar  to  each  fait.  And,  if  the  re¬ 
maining  liquor  be  poured  off  from  the  fait  fo  fhot,  and  evaporated  as  be¬ 
fore,  it  will  thus  afford  faline  fhoots,  tho*  lefs  pure  than  the  former.  By 
repeating  this  operation  till  no  more  fait  will  fhoot,  an  unCtuous  faline  li¬ 
quor  remains  behind  i  which,  when  dried  ftrongly,  (for  it  grows  dry  with 
difficulty)  affords  fome  earth,  that  eafily  relents  in  the  air,  into  an  auftere 
liquor.  In  each  of  thefe  operations  a  little  pure  earth  is  always  procured  ; 
which  at  length  amounts  to  a  confidetable  proportion,  though  the  fait  were 
a  pure  foffil  one :  and  if  the  folution  and  cryftallization  be  often  repeated, 
all  the  fait  becomes  volatile,  and  vanifhes  infenfibly  into  the  air  j  leaving  a 

mere 


(e)  Set  Lax,  Ercktr  of  tells  and  cupels. 
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mere  earth  behind  ;  as  was  known  to  the  ancient  chemifts,  and  is  confirmed 
by  the  moderns  (f). 

1 8.  If  any  of  the  above-mentioned  pure  foflil  falts  be  dried,  reduced  to  By  diftilla • 
powder,  and  well  mixed  with  thrice  their  weight  of  bole,  brick-duft,  or  tionP 
clean  earth,  and  committed  to  diftillation  in  a  ftrong  fire  ;  they  thus  fepa- 
rate  into  an  acid,  volatile,  corrofive  liquor,  and  a  fixed  part  remaining  at 
the  bottom  of  the  veffel,  along  with  the  earthy  fubftance  wherewith  it  was 
mixed :  if  this  fixed  part  be  ieparated  from  the  earthy  matter  by  boiling 
in  water*,  and  the  liquor  be  filtered  and  cryftallized,  it  affords  a  fait,  like 
that  firft  employed  in  the  operation ;  tho*  nitre  thus  proves  fomewhat  alca- 
line.  The  fait,  fo  generated,  being  again  cryftallized,  diflolved  and  infpiffated, 
affords  much  earth,  like  the  former :  the  acid  liquor  alfo,  obtained  from 
this  fait,  being  re&ify’d  by  a  fecond  diftillation,  leaves  a  yellow  fuhftance 
behind  ;  which,  when  dry,  likewife  affords  fome  earth :  whilft  the  acid 
fpirits,  thus  prepared,  and  deprived  of  all  theiry earth,  are  fo  volatile,  as  in 
the  open  air,  continually  to  go  off*  in  light  fumes,  that  can  fcarce  be  con¬ 
fined  ;  as  we  fee  in  ftrong  aqua-fortis,  fpirit  of  nitre,  and  fpirit  of  fait. 

Hence  it  might  be  fufpedted  that  all  the  acid  falts  above-mentioned,  are 
highly  volatile,  or  would  not  naturally  reft  in  our  air,  was  it  not  for  the 
earth  that  fixes  their  volatility,  by  clofely  adhering  to  them  :  and  therefore, 
that  all  fimple,  acid,  and  alcaline  falts  are  conftantly  volatile,  when  pure  ; 
and  always  fixed,  when  united  with  earth.  But  before  this  conclufion  can 
be  made,  we  muft  confider,  that  oil  of  vitriol,  and  oleum  fulpburis  per 
campanam,  remain  fixed  in  five  hundred  and  fixty  degrees  of  heat  ;  tho* 
before  rendered  pellucid  and  freed  from  their  faeces  by  repeated  diftillation. 

This  indeed  may  proceed  from  the  intimate  mixture  of  fome  other  body 
along  with  .thefe  acids,  or  a  body  either  of  a  metallic  or  a  terreftrial  na¬ 
ture,  fo  as  not  to  be  eafily  feparated ;  fince  in  the  diftillation,  thefe  acids 
fill  the  receiver  with  a  very  volatile  fume,  which  flies  fwiftly  into  the  air,, 
and  proves  a  noxious  vapour,  when  any  crack,  by  accident,  happens  to  the 
diftilling  veflels.  Again,  we  muft  confider  that  the  moft  volatile  acid  falts, 
united  with  the  moft  volatile  alcali,  turn  to  a  compound  half-fixed  fait; 
and  this,  without  the  afiiftance  of  any  fixed  earth.  On  the  other  hand,  alum 
by  folution  and  filtration,  as  above,  becomes  more  volatile,  and  affords  a 
copious  earth  ;  yet  if  afterwards  diftilled,  it  affords  a  volatile  noxious  fpirit, 
and  leaves  much  calcarious  earth  behind.  With  this  view,  I  have  diffolved 
vitriol  in  water,  digefted  the  folution,  and  thus  obtained  a  very  large  pro¬ 
portion  of  yellow  ochre:  and  upon  repeating  the  procefs  of  folution,  cryftal- 
iization,  and  reparation  feveral  times  over,  the  greateft  part  of  the  vitriol 
was -turned  to  this  yellow  calx;  whilft  another  part  flew  off  into  the  air, 
leaving  only  a  thick  auftere  undtuous  liquor  behind.  The  ochre  thus  obtained, 
is  not  proper  elementary  earth,  but  approaches  rather  to  the  calx  of  iron  ^ 
for  tho’  in  other  refpedts  this  analyfis  of  vitriol  refembles  the  preceding  opera¬ 
tion  :  yet  the  calx  thus  obtained  turns  to  iron  in  a  ftrong  fire  ;  or  to  copper, 
ir  the  vitriol  were  blue.  Whence  it  cannot  be  inferred,  that  earth  enters  the 
cbmpofition  of  thefe  metals:  nor  do  I  remember  to  have  ever  procured  true 

Q^q  q  2  earth 

(f)  See  Du  Hamel,  Hip.  Acad.  Roy.  Ed.  2.  p.  16.  17. 
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earth  from  any  metal:  what  is  efteemed  fo,  being  convertible  into  glafs  5 
which  fhews  it  is  of  a  metallic  rather  than  a  terreftrial  nature. 

20.  The  liquid  foflil  fulphurs,  as  afphaltum ,  bitumen ,  naphtha ,  petroleum , 
&c.  upon  burning,  afford  black  and  acid  foot  and  fmoke ;  and  when  con* 
fumed,  leave  fomewhat  earthy  behind  them,  which  by  farther  calcination 
turns  to  a  calx,  from  whence  pure  earth  may  be  obtained,  like  that  of  ani¬ 
mals,  vegetables,  and  the  faline  foftils.  So,  if  brimftone  be  fublimed  in 
clofe  veflels,  it  leaves  an  earth  at  the  bottom  ;  but  fcarce  any  at  all,  if 
the  fublimation  be  repeated  :  and  if  pure  fulphur  be  mixed  with  an  equal 
quantity  of  fixed  alcaline  fait,  by  melting  over  the  rire,  and  be  then  ex- 
pofed  to  the  air,  it  runs  into  a  liquor,  which  lets  fall  a  confiderable  propor¬ 
tion  of  true  earth  to  the  bottom  ;  and  this  earth  may  be  owing  to  the  alkali. 
But,  on  the  other  hand,  we  are  to  remember,  that  the  oil,  which  by  mixing 
with  the  foflil  acid,  makes  fulphur*  contains  much  earth:  whence  alfo  it  is  pro¬ 
bable,  that  this  earth  may  be  thus  regenerated  in  the  refolution  of  the  fulphur. 

21.  The  antient  chemifts  fuppofed  metals  chiefly  confifted  of  quickfilver, 
and  another  principle,  which  rendered  it  malleable,  and  that  thefe  two  were 

•  the  only  principles  of  gold  and  filver  in  particular  •,  whilft  in  the  other  me¬ 
tals,  there  was  befides  added  a  certain  unbbuous  inflammable  matter, 
in  their  firft  formation  :  but  the  moderns,  from  their  own  experiments,  eve¬ 
ry  where  fpeak  of  earth,  in  the  refolution  and  compofition  of  metals,  as  a 
vitrifiable  fubftance,  affording  a  firm  bafis  to  metals  ;  tho’  I  conceive  the 
earth,  they  here  mean,  is  not  our  elementary  earth,  which  I  never  could 
obtain  from  metals  (g). 

22.  If  quickfilver,  in  its  native  form,  as  it  comes  from  the  mines,  be  drain¬ 
ed  thro’  leather,  it  feems  to  leave  a  little  earth  behind  ;  and  if  now  diddled 
in  a  clean  glafs  retort,  it  leaves  but  little  feces,  inconfiderable  in  weight,  and 
fcarce  deferving  the  name  of  earth,  in  the  fenfe  we  have  above  defined  it. 
If  quickfilver,  thus  purified  by  diftillation,  be  put  into  a  ftrong  veflel  of  green 
glafs,  well  flopped  down,  and  fhook  for  a  long  time,  as  it  may  commodiouf- 
ly  be,  by  faftening  it  to  the  fails  of  a  wind-mill,  a  large  part  of  the  quick¬ 
filver  will  thus  at  length  be  changed,  without  any  addition,  into  a  grey  or 
black  heavy  fine  dry  powder  ;  which  is  an  admirable  remedy  in  cafe  of 
malignant  ulcers,  and,  as  fome  imagine,  undiffolvable  in  any  liquor.  From 
this  curious  experiment,  performed  by  M.  blomberg ,  fome  have  imagined 
that  true  earth  is  thus  generated  from  the  body  of  pure  mercury,  by  bare 
mechanical  motion  ;  whilft  others  rather  judge  the  quickfilver  in  this  experi¬ 
ment  depofites  the  terreftrial  part,  which  nature  added  in  its  compofition  ; 
fo  that  the  mercury,  purified  by  this  reparation  from  its  indolent  earth,  was 
expe£ed  to  become  more  adfive,  and  fit  for  the  purpofes  of  alchemy,  as' be¬ 
ing  the  mercury  of  the  philofophersi  but  this  powder  is  not  elementary 

earth, 


(g)  The  calces  of  metals  are  fomething  ve¬ 
ry  different  from  pure,  elementary  earth,  tho’ 
probably  united  with  a  proportion  thereof. 
Thefe  are  very  apt,  per  fe,  either  with  a  ve- 
hement  heat  to  return  to  metal  again,  or  elfe 
to  run  into  glafs;  which  is  not  the  property 
■of  pure  virgin  earth,  devoid  of  falls.  The 


excellent  Mr.  Boyle,  with  great  probability, 
fhews  them  to  be  the  magifteries  of  metals, 
and  has  frequently  reduced  them  back  from 
this  their  difguifed  flate,  to  that  which  is  na¬ 
tural  to  them.  See  bis  Di/cour/e  upon  Fire  anti 
Flame. 
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earth,  nor  a  principle  of  native  mercury  ;  as  appears  by  calcining  it ;  in 
which  operation  it  undergoes  feveral  fuccefiive  changes  of  colour  ;  and  again 
from  its  highly  medicinal  virtues  in  ulcerated  cancers.  But  farther,  this 
powder  is  difiolvable  in  feveral  menftruums,  and  may  be  reduced  to  true 
quickfilver  again.  I  have  long  operated  upon  this  fubjed  ;  and  find  it  ex¬ 
tremely  hard  to  difcover  earth  in  mercury ;  but  as  eafy  to  learn,  that  it  may 
change  it  felf  into  a  thoufand  forms,  and  impofe  upon  the  unwary,  whilft  it 
felf  remains  real  mercury  at  the  bottom. 

23.  Neither  is  earth  to  be  eafily  found  in  the  other  metals,  all  whofe  calces  Whether  oh - 
are  of  a  metallic  nature  ;  for,  tho*  they  may  be  infipid,  fcentlefs,  pulverable  tainable  from 
and  light ;  yet,  if  mixed  with  flux-powders,  and  melted  in  the  fire,  they  re-  other  metals: 
cover  their  metallic  form  :  whence  they  can  by  no  means  be  reputed  earth  j 
otherwife  it  would  thus  be  eafy. to  convert  earth  into  metals.  And  again, 

when  metals  are  thus  calcined,  they  may  by  the  fire,  with  the  addition  of 
other  bodies,  be  changed  into  glafs ;  which  is  not  the  property  of  Ample 
earth.  It  muft  however  be  acknowledged,  that  the  impure  metals,  efpe- 
cially  iron,  may,  by  an  artificial  analyfls,  be  brought  to  afford  fomething  ap¬ 
proaching  to  an  earthy  nature  •,  tho*  this  is  fmall  in  quantity,  and  not  true 
earth. 

24.  Upon  this  occafion,  I  will  relate  the  fuccefs  of  the  pains  I  have  for  a  long  Refit  of  ma - 
time  beftowed  upon  the  examination  of  metals.  If  gold,  Alver,  copper,  »yexperitne?its 
tin,  or  lead,  be  prepared  after  a  certain  Ample  manner,  and  exactly  mixed  U^0}1  metaiu 
with  pure  quickfilver,  fo  as  to  be  thoroughly  diflolved,  then  long  digefted, 

and  laftly  well  ground  together  ;  the  mixture,  thus  treated,  will  afford  a  large 
quantity  of  very  black,  fine,  infipid,  fcentlefs  powder,  like  that  obtained  from 
mercury  ;  and  this  powder  being  waflied  away  by  water,  the  metallic  mafs 
will  be  left  pure:  which,  being  treated  again  in  the  fame  manner,  affords 
more  of  this  powder  ;  tho’  the  operation  be  repeated  for  years,  as  I  have  of¬ 
ten  tried.  If  this  procefs  had  been  performed  by  thofe  who  affert  earth  to 
be  contained  in  metals,  they  would  probably  produce  it  as  a  demonftra- 
tion  *,  but  I,  who  have  hitherto  in  vain  endeavoured  to  finifh  thefe  experi¬ 
ments,  muft  acknowledge,  that  the  powder  fo  procured  is  not  earth,  but  an 
extraordinary  metallic  production  of  admirable  properties,  richly  deferving  to 
be  inquired  into  ;  for,  tho5  fcarce  any  true  earth  can  poffibly  be  obtained  from 
this  metallic  powder,  yet  many  other  very  unexpected  things  may.  When 
I  carefully  recoiled  the  experiments  I  have  made  upon  this  fubjed,  I  durfl 
almoft  affirm,  that  gold,  Alver  and  quickfilver,  naturally  contain  no  earth  ; 
but  are  of  fuch  a  nature,  that  tho’  divided  into  their  leaft  pofiible  particles, 
they  conftantly  remain  fufible  and  malleable.  I  can  fay  of  gold,  that  by 
means  of  fofiil  acids,  I  have  brought  it  into  a  liquor  ;  that  I  have  formed  it 
into  a  foft  pafte  j  that  I  have  feveral  ways  reduced  it  to  a  calx  *,  that  it  may 
eafily  be  turned  into  a  volatile  purple  oil,  changed  into  abutyraceous  fubftance, 
converted  to  glafs,  and  made  to  refemble  earth  *,  yet  it  always,  by  redudion, 
returned  to  the  fame  unchanged  gold,  neither  increafed  nor  diminifhed  in 
weight,  or  any  other  property.  I  have  diftilled»gold  with  quickfilver,  an 
incredible  number  of  times  over,  but  always  found  the  fame  gold  behind  ; 
and  have  conftantly  had  the  like  fuccefs  with  quickfilver.  Whence  I  cannot 
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but  have  a  high  veneration  for  the  antient  alcherr.ifts,  who  plainly  aflert, 
that  gold  and  filver  proceed  from  nothing  but  pure  quickfilver,  and  a  conden- 
fing  fulphur  •,  whilft  the  other  metals  are  formed  of  a  lefs  pure  mercury,  and 
a  fouler  fulphur,  differently  combined. 

Corollaries  2 5.  From  the  preceding  hiftory  of  earth,  we  may  draw  the  following 

from  tbehijlo-  Conclufions  :  (i.)  That  the  fame  fimple  elementary  earth  contributes  as  a 

ry  of  earth,  conftituent  principle,  to  form  the  particular  corporeal  fabrick  of  animals,  ve¬ 
getables,  and  fome  foffils  of  a  lefs  permanent  and  lefs  fimple  nature  •,  and  in 
them  all,  ferves  as  a  firm  bafis  to  their  form :  whilft:  it  unites  the  other 
AJJlmilation  principles  to  it  felf,  and  to  one  another,  fo  as  to  conftitute  one  determinate 
andpropaga-  individual  ;  at  the  fame  time,  and  by  the  fame  means,  fixing  and  detaining  o- 
*°  t^ier  Particle$,  of  themfelves  too  volatile,  and  keeping  them  from  flying  off;  fo 
as  to  preferve  the  duration  of  the  individual  for  fome  time,  both  in  the  whole 
and  every  part  ;  whence  the  texture  of  thefe  bodies  is  not  eafily  or  quickly 
diffolved  by  the  natural  adion  of  the  air,  water,  fire,  or  their  own  juices. 
And  hence  the  property  of  aflimilating  other  fubftances  into  the  nature  of 
every  body  that  receives  nutriment,  and  confequently,  the  feminal  property 
of  producing  their  like,  is  principally  owing  to  the  efficacy  of  this  earth,  in 
conftituting  the  peculiar  ftru&ure  of  each  individual :  for  thefe  properties  no 
longer  remain  after  the  particular  texture,  depending  principally  upon  the- 
earth,  is  deftroyed  or  wanting  in  any  body. 

26.  (2.)  And  hence  all  thofe  bodies,  which  have  the  fame  earth  for  their 
principle,  remarkably  agree  with  one  another  in  this  refped ;  and  generally  alfo 
m  their  other  concurring  principles.  Thus  all  anima's  agree,  in  many  re- 
fpe<5ts,  with  each  other;  fo  likewife  do  all  vegetables.  The  principles  of  ani¬ 
mals  are  daily  changed  into  the  fubftance  of  vegetables  ;  and  the  bodies  of  a- 
nimals,  on  the  other  hand,  are  conftantly  nourifhed  and  fupported  by  vege¬ 
tables,  taken  in  as  food,  and  affimilated ;  and  the  fame  holds  likewife  of  fe- 
veral  falts,  having  the  fame  earth  :  thus  nitre  and  fea-falt,  which  contain  this 
fame  earth,  are  not  remote  from  the  nature  of  our  bodies;  and  hence  fixed 
alkalies,  taken  in  a  fmall  quantity,  are  eafily  changed  into  our  fubftance :  for, 
if  ufed  by  a  perfon  in  health,  at  due  diftances  of  time,  they  lofe  their  own 
fixed  nature  in  the  body,  and  manifeft  no  fixed  fait  in  the  urine  :  whence  we 
fee  thofe  bodies  which  have  this  fame  earth  for  their  principle,  are  eafily 
changed  into  one  another. 

27.  ( 3 ■)  Thus  iron,  which  of  all  the  metals  approaches  the  neareft  to  the 
earth  than  0-  nature  of  vegetable  and  animal  earth,  is  the  moft  intimately  received  by  the 
ther  metals,  bodies  of  vegetables  and  animals,  fo  as  perhaps  to  be  digeftible  therein  ; 

whence  it  becomes  an  admirable  and  almoft  innocent  medicine  :  whereas  the 
other  metals  work  with  violence,  as  having  not  this  earth,  but  quick- 
filver  for  their  bafis  ;  whence  they  appear  to  be  unchangeable  or  undigeftible 
in  animals  or  vegetables,  and  feem  either  foreign  or  noxious  to  the  bo¬ 
dy :  fo  that  if  they  fometimes  do  fervice  in  obftinate  diftempers,  not  to  be 
effe&ed  by  other  means,  yet  in  other  refpedts  they  feem  to  be  infuperable 
by  the  vital  powers.  • 


Bodies  hating 
the  fame 
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28.  (4,)  If  therefore  there  was  to  be  no  fuch  thing  as  earth  or  quickfil-  Earth  and 
ver  in  nature,  perhaps  all  the  bodies  we  know  would  be  only  volatile,  move-  ]fec¥^er 
able  particles,  or  floating  atoms,  fo  fubtile  as  not  to  be  cognizable  by  our  principles  of 
fenfes.  Thus  the  alchemifts  affirm,  that  the  metallic  fulphur,  before  it  fixes  bodies. 
mercury,  and  is  fixed  by  it,  is  of  all  bodies  the  moft  volatile  and  fubtile : 

and  that  the  like  holds  of  other  bodies,  with  refpetft  to  the  fixing  earth,  has 
been  fufficiently  fhewn  above. 

29.  (g.J  Earth  affords  us  the  principal  inftruments  and  vefiels  employed  in  Chemical 
chemiftry  *,  for  all  glafs  contains  much  true  terreftrial  matter,  united  to  the  'veffds  vwing 
fixed  alkaline  fait ;  and  therefore  owes  its  origin  to  earth.  As  for  earthen  ° ear 
vefiels,  china,  chalk,  &c.  his  plain  they  chiefly  confift  of  earth. 

30.  (6.)  Again,  pure  earth,  if  mixed  in  a  large  proportion  with  fixed  Earth  fixes 
falts,  prevents  them  from  melting  in  a  violent  fire,  as  they  would  otherwife  fab** 

do,  and  at  the  fame  time  renders  them  volatile :  thus  pure  fait  of  tartar  melts 
in  a  ftrong  fire,  and  long  remains  fixed  therein,  excepting  that  it  runs  thro*  the 
pores  of  the  crucible  ;  but,  if  well  mixed  with  thrice  its  weight  of  pure 
earth,  or  calcined  bone,  it  does  not  melt,  butfoon  flies  off:  fo  likewife  nitre 
and  fea-falt,  feparately  committed  to  a  ftrong  fire,  flow  and  remain  fixed,  e- 
fpecially  fea-falt  ;  but,  if  mixed  with  earth,  they  do  not  melt,  but  become 
volatile,  and  change  into  acid  fpirits. 

31.  (7.)  Pure  earth  is  alfo  of  principal  ufe  in  re<5tifying  the  volatile  falts  of  Purifies  <vo/a- 
animals  or  vegetables,  and  perfectly  freeing  them  from  the  oil  which  is  apt  te-  faits' 
nacioufly  to  adhere  therein,  and  foul  them.  The  way  is,  to  mix  the  earth 

with  thefe  falts,  rendered  impure  by  the  adhefion  of  empyreumatic  oils,  and 
gently  fublime  them ;  whereby  they  rife  perfectly  white,  and  depofit  all  their 
oil  in  the  earth  :  a  feparation  that  could  not  otherwife  be  foeafily  made.  And 
the  purer,  the  drier  the  earth  is,  and  the  larger  proportion  it  is  ufed  in,  the 
more  perfeftly  this  operation  fucceeds  *,  efpecially  if  the  fubliming  veflel  be 
tall,  and  j’the  fire  gentle  :  which  contrivance  was  formerly  kept  as  a  great 
fecrt  t. 

32.  (8.J  The  intermixture  of  this  earth  produces  fuch  a  change  in  many  Ufeful  in  dir 
bodies,  as  to  deprive  them  of  that  flatulency  which  caufes  them  to  rarify  and  filiations. 
.fwell  in  diftillation,  and  thus  come  over  into  the  receiver,  fo  as  to  fruftrate 

the  operation  ;  as  is  the  cafe  in  honey,  wax,  &c.  if  diftilled  alone :  but,  if 
mixed  with  a  proper  quantity  of  earth,  which  breaks  the  tenacity  of  their 
parts,  and  fets  them  farther  afunder,  they  are  commodioufly  fitted  for  diftil¬ 
lation.  And  this  holds  not  only  of  fuch  vifcous  bodies  as  honey  and  wax,  but 
alfo  of  blood,  eggs,  urine,  &c.  towards  the  end  of  the  operation,  when  the 
more  volatile  part  is  come  over,  and  the  remaining  part  comes  to  be  urged 
with  a  ftrong  fire  j  whereby  the  whole  mafs,  now  grown  of  a  pitchy  nature, 
is  apt  to  expand,  rife  at  once  into  the  neck  of  the  retort,  block  it  up,  and 
burft  the  vefiels  in  a  dangerous  manner :  which  may  be  prevented  by  throw¬ 
ing  an  earthy  powder  upon  the  matter  thus  to  be  treated  ;  whence  the  ad¬ 
dition  of  earth  is  of  great  ufe  in  the  making  of  phofphorus  from  infpiflated 
urine,  with  the  utmoft  violence  of  fire. 
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33.  ( 9-)  What  is  here  faid  of  elementary  earth,  cannot  be  applied  to  com¬ 
mon  fand,  which  many  unjuftly  take  for  earth.  Sand  appears,  by  the 
microfcope,  to  be  fmall  tranfparent  cryftals,  with  many  (ides,  and  of  very 
different  figures  ;  and  with  fixed  alkali  turns  to  glafs  in  the  fire :  by 
means  of  fand,  water  gains  a  paflage  thro’  the  interftices  of  the  foil,  in 
order  to  its  fertilization  ;  whence,  without  this  intermixture  of  fand,  the  foil 
would  foon  become  of  a  ftony  hardnefs,  for  want  of  water.  So  likewife 
boles,  and  the  medicinal  earths  are  compounded  bodies,  and  not  the  elemen¬ 
tary  earth  we  here  fpeakof:  ’tis  plain  they  often  contain  fomething  un<5hious, 
faline,  aftringent,  aluminous,  or  vitriolic,  whereon  their  refpe&ive  virtues 
depend.  When  water  and  fire  have  exerted  their  utmoft  a&ion  upon  thefe 
boles,  they  approach  nearer  to  true  earth  ;  and  at  the  fame  time  lofe  their 
medicinal  qualities.  Much  lefs  are  we  to  imagine  common  earth,  or  the 
ground  we  tread  on,  to  be  our  chemical  or  elementary  earth  *,  whilft  that  is  fo 
mixed  a  body  as  to  contain  clays,  boles,  fand,  ftones,  water,  air,  oils,  falts, 
and  the  principles  of  diffolved  animals  and  vegetables,  all  wonderfully  mix¬ 
ed  together ;  whence  we  take  it  for  a  chaos  of  all  the  elements,  and  all  the  bo¬ 
dies  cotnpofed  of  them. 
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<y  Menstruums  //z general , 

t,  TT  TE  pafs  on  now  to  another  part  of  our  bufinefs ;  for  having  con- 
\/%/  fidered  the  four  firft  inftruments  of  art  and  nature,  we  muft; 

T  Y  come  to  a  fifth,  which  is  reckoned  almoft  peculiar  to  chemiftry  ; 
being  that  wherein  chemifts  place  their  chiefeft  excellence  ;  and  whereto  they 
afcribe  the  greateft  effefts  of  their  art ;  viz.  menftruums. 

2.  The  term  is  a  barbarous  term  ;  and  denotes  a  body,  which,  when  arti¬ 
ficially  applied  to  another,  divides  it  fubtily  •,  fo  that  the  particles  of  the  fol- 
vent  remain  thoroughly  intermixed  among  thofe  of  the  folvend.  This  de¬ 
finition  I  principally  admit,  to  diftinguilh  accurately  the  manner  wherein  men¬ 
ftruums  aft,  differently,  from  the  other  folutions  of  bodies,  which  chiefly  hap¬ 
pen  in  a  mechanical  manner ;  where  the  folvent  recedes  from  the  folvend, 
and  is  not  reciprocally  diffolved  thereby  :  fo  that,  after  the  folution,  they 
feparate  from  each  other,  according  to  their  different  fpecific  gravities. 

3.  The  reaion  why  this  folvent  was  called  a  menftruum,  is,  becaufe the  che¬ 
mifts,  in  its  application  to  the  folvend,  firft  ufed  a  moderate  fire,  for  a  phi- 
lofophical  month,  or  forty  days ;  and  hence  called  the  folvend  a  menftrual 
folvent,  and  at  length  barely  a  menftruum. 

4.  It  is  therefore  the  property  of  a  menftruum,  to  be  it  felf  equally  diffol¬ 
ved,  at  the  time  it  diffolves  the  folvend.  And  this  property  obtains  in  all 
folutions  performed  by  the  means  of  menftruums  :  but  when  the  folution  is 
perfected,  it  may  happen,  that  the  folvent  and  folvend  fhall  feparate.  And 
Helmont  writes,  that  in  thofe  folutions  performed  by  the  alcaheft,  the  fol¬ 
vent  and  folvend  feparate  into  two  diftinft  parcels,  the  one  refting  upon 
the  other  *,  but  otherwife,  this  feparation  is  feldom  found  in  folutions.  -  The 
divided  parts  therefore  of  the  folvent,  muft  infinuate  themfelves  among  the 
parts  of  the  folvend,  fo  as  to  divide  and  diffolvethe  body:  and  hence  it  ap¬ 
pears,  that  this  aftion  of  menftruums  differs  from  all  mechanical  feparations, 
where  the  dividing  inftrument  remains  entire  and  whole,  both  in  the  aft  of 
feparation,  and  afterwards  j  as  we  evidently  fee  in  the  cafe  of  a  knife,  fword,  faw, 
piercer,  & V.  for  all  thefe  inftruments,  whilft  they  divide,  are  not  themfelves  di¬ 
vided,  but  remain  almoft  the  fame  as  before.  However,  to  confider  the  mat¬ 
ter  clofely,  there  may  be  room* to  fufpeft,  that  the  Angle  particles  of  a  men- 
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Me.njlruums 
divided , 


I .  Into  the  dry 
kind ,  before: 
folution. 


ftruum  ad,  in  folution,  like  the  above-mentioned  mechanical  inftruments  ; 
in  which  cafe,  each  particle  of  a  folvent  would  have  its  proper  fize,  figure, 
hardnefs  and  gravity,  and  ad  by  thefe  properties,  which  may  be  fo  far 
called  mechanical.  And  here  it  will  always  be  found,  that  every  menftruum, 
whilft  it  diflolves,  and  becaufe  it  dilfolves,  is  neceflarily  divided  into  particles 
fo  fmall  as  to  be  invifible;  and  muft  therefore  be  fluid  in  the  adion :  and, 
at  the  inftant  when  the  diflolution  is  performed,  the  folvend  alfo  muft  be 
diflblved  into  a  fluid  ;  and  confequently,  in  the  time  of  folution,  the  folvent 
and  folvend  become  one  fluid. 

5.  We  muft  alfo  obferve,  that  many  menftruums,  before  they  ad  as  fol- 
vents,  are  hard  and  confiftent  bodies;  and,  fo  long  as  they  remain  in  this 
form,  cannot  ad  3s  folvents :  but  the  cuftom  has  however  obtained,  of 
giving  them  the  name  of  menftruums.  Whence  the  chemifts  of  .  all  times 
have  faid,  that  fome  menftruums  are  folid  and  others  fluid  ;  and  this  di- 
vifion  may  be  efteemed  juft,  according  to  the  diftindion  above  delivered. 

6.  Therefore,  (1.)  the  dry  and  folid  menftruums  may  be  again  divided  inta- 
their  clafies  ;  the  firft  whereof  we  make  the  fix  metals ;  gold,  lead,  filver,  cop¬ 
per,  iron,  and  tin  ;  which,  when  cold,  are  hard  and  folid,  but  ad  upon  one 
another  after  being  fufed  in  the  fire  :  whence  they  may  be  intimately  mix¬ 
ed,  fo  as  to  make  an  apparently  homogeneous  mafs  ;  every  particle  whereof 
holds  the  fame  proportion  of  a  different  metal,  as  the  whole.  For  if  ten 
ounces  of  filver  be  mixed,  in  a  ftrong  fire,  with  an  ounce  of  gold,  a  mafs  of 
eleven  ounces  will  thence  be  obtained  ;  a  grain  whereof  being  given  to  an  af- 
fay-mafter,-  he  will  report  that  it  contains  one  eleventh  part  gold,  and 
ten  parts  filver.  Another  thing  ftill  more  remarkable  is,  that  it  fhould 
be  pofiible,  by  this  means,  to  divide  gold  ad  infinitum:  for  if  a  hundred 
thoufand  parts  of  melted  filver  were  mixed,  in  the  fire,  with  one  of  gold,  and 
the  leaft  particle  of  the  whole  mafs  be  examined  by  an  aflay-mafter,  as  above, 
the  event  will  be  the  fame  :  which  fhews  the  wonderful  property  metals  have 
to  divide  one  another  by  fufion.  Thus  we  fee,  that  the  leaft  particle  of  gold 
may  be  expanded  thro’  an  immenfe  mafs  of  filver,  fo  that  every  the  leaft 
affignable  particle  of  the  filver  fhall  always  contain  a  proportionable  particle 
of  gold  ;  and  this,  whilft  the  particle  of  gold  remains  unchanged  amongft  the 
unaltered  parts  of  the  filver.  Hence  we  may  learn,  with  what  properties 
metals  were  originally  created ;  and  find  fomething  in  them  that  will  for  ever 
remain  incomprehenfible  to  men.  Perhaps  it  is  with  regard  to  this  property, 
that  the  chemifts  fo  often  repeat,  that  metals  can  only  be  opened  by  metals^ 
that  nothing .  but.  one  metal  can  intimately  enter  and  mix  with  another  ; 
and  that  the  inner  mercurial  part  of  metals  is  a  thing  of  infinite  fubtility, 
and  always  the  fame.  (2.)  The  fecond  clafs  of  folid  menftruums  are  femi- 
metals fuch  as  antimony,  bifmuth,  cinnabar,  marcafites,  and  zink  ;  which 
alfo,  like  metals,  melt  in  the  fire,  and  mix  and  divide  one  another  to  a  fur- 
prizing  degree.  They  may  alfo  be  thus  mixed  with  metals  in  the  fame  man¬ 
ner*,;  cinnabar,  indeed,  with  more  difficulty,  the  reft  with  lefs:  but  when 
thus  mixed  with  metals,  the  metals  remain  no  longer  malleable,  fo  that  they 
may  be  eafily  reduced  to  powder,  tho*  ever  fo  dudlile  before  ;  and  this  happens 
even  in  the  leaft  particle  of  a  metal :  which  js  another  furprizing  particular.  (3.J 
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In  the  next  place,  come  all  the  dry  felts  ;  as  alum,  borax,  nitre,  fal- ammo¬ 
niac,  fea-falt,  vitriol,  fixed  alkali,  and  mercury-fublimate  3  for  all  thefe, 
when  a&uated  by  the  fire,  or  fufed,  have  wonderful  effedls  as  folvents,  and 
often  fuch  as  cannot  otherwife  be  obtained.  They  arealfo  fubtily  divided  by 
the  fire*,  and  intimately  mix,  not  only  with  one  another,  but  alfo  with  me¬ 
tals,  femi-metals,  and  other  things.  (4..)  In  the  fourth  place,  come  hard, 
foflil,  fulphureous  bodies*,  fuch  as  fulphur-vivum,  common  brimftone,  arfe- 
nic,  orpiment,  and  cobalt*,  which  manifeft  a  wonderful  property  in  the  fire, 
and  thus  mix  with  one  another,  and  with  other  bodies  j  and  have  fuch  parti¬ 
cular  effe&s  as  folvents,  that  the  like  can  fcarce  be  produced  by  any  other 
means.  (5.)  In  the  lad  place,  we  reckon  thofe  foflil  bodies,  which  the  refi¬ 
ners  call  cements ;  and  which  confift  of  falts,  fulphurs,  and  brick,  reduced 
to  dry  powders,  and  ftrowed  betwixt  plates  of  metal,  in  order  to  raife  their 
colour,  or  feparateone  metal  from  another. 

7.  There  are  fome  mendruums,  which  being  left  to  themfelves,  after  ha-  (2! 

ving  performed  the  folution,  concrete  into  a  hard  mafs,  that  appears  of  a  ^r^ofterf- 
fimple  uniform  nature.  And  this  apparent  fimplicity  is  often  fo  great,  that  J' 

the  mafs  feems  pure,  tho’  made  up  of  various  things.  If  lead  be  melted 
at  the  fire,  and  mixed  with  melted  tin,  they  unite  as  water  with  water,  or 
mercury  with  mercury  *,  and  this  holds  in  whatever  proportion  thefe  two  me¬ 
tals  are  mixed.  When  the  mixture  is  viewed  fluid  in  the  crucible,  no  differ¬ 
ence  appears*,  and  when  cold,  they  make  but  one  homogeneous,  fimple,  fo- 
lid  mafs :  the  cafe  is  alfo  the  fame  in  all  the  metals,  and  in  fome  of  the 
femi-metals  before  enumerated.  Thus,  if  a  pound  of  tin  be  melted  in  the 
fire,  and  a  fcruple  of  regulus  of  antimony  be  added  thereto,  the  mafs,  when 
cold,  will  appear  uniform  ;  but  become  in  every  part  fo  brittle,  that  the  lead 
particle  thereof  will  not  be  found  to  have  the  natural  malleability  of  tin :  and 
in  every  the  lead  particle  of  the  mafs,  a  proportion  of  the  antimony  will  always 
be  found.  So  fixed  alkali  unites  with  fandin  the  fire:  and  there  are  numerous 
examples  to  the  fame  purpofe  *,  in  all  which  the  folvent  and  the  folvend 
are  mixed  in  their  fmalled  particles,  and  concrete  together,  fo  as  to  afford  a 
new  body,  wherein  no  one  could  difeover  that  different  parts  were  concre¬ 
ted  together,  unlefs  he  knew  the  origin  of  the  mafs,  or  by  other  experiments 
refolved  it  into  its  component  parts.  So  fulphur  and  mercury,  by  being  ground 
together,  turn  to  a  black  and  dry  powder  ;  which  being  fublimed  by  a  drong 
fire,  makes  an  apparent  fimple  body,  called  cinnabar.  We  mud  alfo  ob- 
ferve,  that  many  fluid  folvents  intimately  diflolve  fome  folid  maffes  j  and 
when  the  folution  is  over,  become  a  hard,  and,  in  fome  cafes,  a  dry 
body.  Thus,  not  again  to  mention  the  cafe  of  mercury  and  fulphur,  we  fee 
that  almofl  all  the  mendruums  of  metals  unite  with  their  refpedtive  metals 
into  folid  vitriols  ;  and  thus  drong  diddled  vinegar,  when  it  has  diffolved 
fhells,  chalk  and  flony  matters,  feparates  from  its  water,  and,  together 
with  the  bodies  it  diffolves,  forms  a  dry  and  hard  mafs. 

8.  But  there  are  numerous  mendruums  that  have  a  liquid  form  before  (3.) 
they  acd  as  folvents  *,  fuch  are  all  thofe  commonly  called  mendruums  in  before 
chemidry  *,  as  vinegar,  water,  feline,  acid,  alkaline,  and  compound  fpirits, utlon'  - 
alkaline  oils  per  delirium,  &c.  And  as  all  thefe  are  liquids,  their  aftion  is 
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the  eafier  underflood  j  as  being  common,  and  what  we  daily  fee  in  the* 
fhops.. 

9.  In  the  laft  place,  there  are  menftruums  which  become  liquid  after  their 

adtion  of  folution  is  over,  and  remain  fo  along  with  the  folvent.  This  is  no* 
where  more  evident  than  in  the  diflolution  of  five  of  the  metals  with  Ample 
mercury  *,  for  when  thefeare  properly  mixed,  they  make  a  foft  pafle,  which 
may  be  diluted  indefinitely  by  the  addition  of  more  mercury  :  but  to  make 
this  amalgam  hard  again,  there  is  fcarce  any  known  method  among  the  che- 
mifts*,  he  that  can  doit,  will  bean  excellent,  and  perhaps  a  rich  artift  :  but 
the  talk  is  difficult.  Moreover,  all  the  liquid  acids,  after  having  dif- 
folved  metals  in  a  large  proportion,  long  remain  moift,  and  cannot  eafily  be 
dried  ;  wrhence  many  have  imagined  thefe  folutions  to  be  fixed  metallic  oils, 
and  in  vain  fought  great  fecrets  therein  :  tho*  it  is  no  more  than  a  way  of 
colledting  acid  falts  in  a  large  quantity  about  metals.  But  there  are  nume¬ 
rous  folvents  which  remain  in  a  liquid  form  with  their  folvends  ;  fo  that  we 
need  dwell  no  longer  upon  thisp»oint.  ■ 

10.  By  confidering  thefe  different  kinds  of  menflruums,  it  is  eafy  to  obferve, 
that  many  of  them  unite  bodies,  as  well  as  feparate  them  into  minute  parts  ; 
for  wTe  frequently  find,  that  the  particles  of  a  menftruum,  after  by  their  ac¬ 
tion  they  have  diffolved  the  folvend,  prefently  join  with  the  particles 
thereof,  fo  as  to  produce  a  new  compound,  often  very  different  from 
the  nature  of  the  Ample  refolved  body.  We  muft,  however,  allow, 
that  the  parts  of  the  folvent,  after  its  concretion,,  no  longer  touch  one  ano¬ 
ther;  but  are  feparated  by  the  interpofition  of  the  particles  of  the  matter  dif¬ 
folved.  Again,  the  feparating  particles,  which  before  conftituted  the  folvend, 
are  now  feparated  from  each  other,  by  the  interpofition  of  the  particles  of  the 
folvent  every  where  between  them.  From  thisdivifion,  feparation  and  new 
concretion  of  heterogeneous  parts,  there  arifes  a  great  number  of  new  bo-* 
dies  by  the  means  of  menflruums.  But  this  happens  fo  much  the  more  re¬ 
markably,  when  only  certain  parts  of  the  folvent  and  folvend  are  united  5 
whilfl,  by  the  fame  action,  others  are  rejected  in  this  new  concretion,  and 
appear  in  another  form. 

1 1.  Hence  therefore  it  is  plain,  that  the  parts  of  menflruums  apply  them- 
felves  to  the  parts  of  the  folvend;  and  that  this  union  principally  happens  at 
the  time  the  folution  is  performed  :  whence  a  certain  caufe  is  here  required  to 
make  the  particles  of  the  folvent  fly  from  one  another,  and  approach  the  par¬ 
ticles  of  the  folvend,  rather  than  remain  in  their  former  fituation.  And  the  like 
caufe  feems  to  be  required,  to  make  the  particles  of  the  folvend,.  now  feparated 
by  the  adtion  of  the  folvent,  remain  united  with  the  parts  of  the  menftruum  that 
made  the  folution  •,  rather  than,  after  the  folution  is  made,  to  fuffer  the  diffolving 
and  diflolved  particles  to  unite,  by  the  affinity  of  their  own  nature,  into  ho¬ 
mogeneous  bodies.  This  deferves  to  be  carefully  confidered,  and  remembred. 

12.  And  here,  whatever  the  caufe  is,  it  muft  be  fought  as  well  in  the  fol¬ 
vend,  as  in  the  folvent  *,  for  the  adtion  is  reciprocal.  Thus,  whilft:  aqua- 

lent  and  fol -  regia  diffolves  thrice  its  weight  of  gold  into  a  yellow  liquor,  the  parts  of  the 
diflolved  gold  remain  united  with  thofe  of  the  aqua-regia  ;  fo  that  the  par¬ 
ticles  of  gold,  tho*  eighteen  times  heavier  than  aqua-rcgia ,  remain  fufpended 
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therein :  whence  there  muft  evidently'  be  a  certain  mutual  correfponding 
power  between  each  particle  of  the  gold  and  aqua-regia ,  whereby  they  mu¬ 
tually  adt  upon,  embrace,  and  detain  each  other  ;  otherwife  the  particles' of 
the  diflolved  gold  would  fall  to  the  bottom,  the  faline  particles  reft  thereon 
diftindl,  and  the  water  float  feparate  over  them  both  :  whereas  they  all  three, 
tho’  fo  different,  unite  together  in  the  form  of  one  Ample  uniform  liquor. 

13.  If  we  were  to  deduce  the  caufefromflmilitude  of  fubftance,  theadlion  of  O-wingratber 
diflolution,  fo  far  as  it  is  hitherto  known,  feems  to  be  performed  by  a  cer-  t0  att>aaiovr 
tain  power  with  which  the  parts  of  the  menftruum  endeavour  to  attradl  the  tj~™*e^u 
diflolved  parts,  rather  than  to  repel  them.  We  are  not  therefore  to  imagine  J 

this  is  a  mechanical  adtion,  or  an  unfriendly  commotion;  but  rather  an  ap¬ 
petite  of  union.  This,  I  confefs,  feems  paradoxical  ;  but  the  phenomena  of 
folution  appear  on  its  fide.  Thus,  let  any  violent  folution  be  confldered  ;  and 
the  agitation,  heat,  hiding  noife  and  tumult  will  be  found  to  continue  no 
longer  than  till  all  the  parts  of  the  folvend  are  united  with  thofe  of  the  fol- 
vent ;  at  which  inftant  there  enfues  a  perfedt  quiet :  as  remarkably  appears 
upon  throwing  a  piece  of  iron  into  weak  aqua-fort  is. 

14.  We  muft  not  omit  to  obferve,  that  the  whole  folvent  never  adls  at  once  aakn 
on  the  whole  folvend  ;  for  only  thofe  particles  of  the  folvent  which  touch  fucceJT™e. 
fome  others  of  the  folvend,  firft  adl  in  diftblving  :  and  thefe  being  fepara- 

ted,  frefti  particles  of  the  menftruum  apply  themfelves  to  others  of  the  fol¬ 
vend,  and  adl  thereon. 

1 5.  Therefore,,  part  of  the  menftruum  adls  upon  that  part  of  the  body  which  it  Excites  it 
ftrikes  off  and  feparates  :  but  whilft  this  feparation  is  performed,  there  fe*m 
every  where  arifes  a  greater  motion  in  the  menftruum,  on  account  of 

the  conflidl  made  in  the  feparation  ;  and,  by  means  hereof,  the  other 
parts  of  the  menftruum  are  agitated,  and  applied  to  other  parts  of  the  fol¬ 
vend  that  were  not  before  diflolved. 

16.  And  tho’ this  agitation  be  an  effedlive  caufe  of  folution  ;  yet  there  is  an-  h  increafed 
other  which  alfo  promotes  the  adtion,  viz.  Are.  What  would  be  the  cafe  hfire. 
where  this  is  perfedlly  wanting,  no  one  can  fay ;  for  it  is  irapoflibie  to  ex¬ 
clude  fire  from  any  place,  as  was  Ihewn  above :  but  we  certainly  know 

that  fire  excites,  promotes,  and  increafes  the  adtion  of  menftruums:  for, 
in  extreme  cold,  folutions  are  either  not  made  at  all,  or  (lowly  ;  but  are 
foon  performed  with  the  afliftance  of  heat. 

17.  But  here,  again,  fome  menftruums  require  a  ftrong  heat  to  make  them  Dijferentheat- 

adl,  as  we  fee  in  mercury  before  it  will  diffolve  metals  ;  and  fome  a  fmaller,  rp“!red  tnf  , 
as  vve  fee  in  fal-ammoniac,  fea-falt,  and  (alt  of  tartar,  which  eafily  diffolve  in  u  ~ 

water.  And  fome  menftruums  adl  with  a  moderate  heat ;  but  lofe  their 
diffolving  power,  or  even  acquire  a  power  of  coagulating,  by  a  ftronger. 

Thus,  warm  water  dillblves  the  white  of  eggs,,  which  boiling  water  co¬ 
agulates. 

18.  To  confider  the  manner  wherein  fire  promotes  the  adtion  of  menftru-  <ihe  operation 
urns,  it  appears  :  (i.i)  To  be  by  impelling,  moving  and  agitating,  the  ftnall  of  fire  upon 
particles  of  .  the  menftruum,  in  the  way  of  a  mere  mechanical  motion:  mcfiiuumi. 
(2.)  By  its  general  power  of  expanding  the  fubftance  of  all  bodies:  and  (,3.)  By 
feparating  the  parts,  fo  as  to  fet  them  farther  afunder ;  and  thus  heat  ot  itfelf 
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difiolves  many  bodies,  joins  the  actions  of  other  things  with  its  own,  and  thus 
a<fts  in  conjunction.  In  alfthefe  refpe&s,  therefore,  heat  increafes  the  dilffoving 
power  of  menftruums,  and  caufes  them  to  a<5l  more  advantageoufly ;  whence 
it  often  becomes  a  neceflary  condition.  In  moft  cafes,  alfo,  heat  is  ufually  in- 
creafed  fucceflively,  during  the  folution  ;  which  is  thereby  the  better  per¬ 
formed,  and  commonly  found  to  proceed  the  fafter,  as  the  heat  increafes. 
And  even  the  aCtion  of  thofe  menftruums  is  increafed  by  heat,  which  gene¬ 
rate  a  great  degree  of  cold  in  the  folution ;  as  we  fee  upon  putting  fal-ammo- 
niac  into  water :  for  in  this  cafe,  if  the  water  be  warm,  the  fait  diffolves  the 
fooner. 

SECT.  II. 

i  .  .  '  \  •  *•  ^  *  ■* 1  ■  *  * 

Of  the  AEUon  of  Menstruums. 


The  acllon  of  i.  T  |  MT  E  changes  wrought  upon  bodies  by  the  diflolving  power  of  men- 
menflruums.  Jb  ftruums,  feem  greatly  to  depend  upon  the  minute  particles  of  the 
menftruum  now  ftrongly  cohering  with  the  particles  of  the  folvend  ;  and  can 
fcarce  be  attributed  to  a  true  and  proper  alteration  introduced  by  the  men¬ 
ftruum  into  the  difiolved  particles.  I  am  fenfible,  that  eminent  authors  in 
chemiftry  are  of  a  different  opinion  ;  but  ftriCt  obfervation  does  not  feem  to 
favour  them.  For,  tho’  pure  metals,  fuch  as  gold,  fiver,  and  mercury,  tho¬ 
roughly  diffolved  by  their  acid  fol vents,  at  firft  appear  changed  in  all  their 
partsj;  yet  they  may  be  eafily  feparated  from  their  menftruums,  in  the  form 
of  a  calx,  which  being  fufed  in  the  fire,  we  thus  recover  the  metal  again  un¬ 
changed.  Whence  it  appears  as  if  thefe  menftruums  had  no  other  effedt  upon 
the  internal  nature  of  the  metallic  particles,  than  that  of  barely  adhering  to  the 
furfaces  thereof  whilft  divided.:  So,  if  the  other  metals  fhould  be  mixed,  in  any 
proportion,  with  gold  or  filver,  the  nobler  metals  will  always  be  left  pure  upon 
the  teft.  I  have  diffolved  gold  and  filver  with  mercury,  above  fifty  times  over; 
but  always  when  I  came  to  leparate  the  mercury,  I  found  the  gold  and  filver 
I  had  employ’d  in  the  original  amalgam.  If  falts  are  diluted  in  any  proportion 
of  water,  they  may  be  recovered  unchanged,  by  infpiflation  ;  and  this,  even 
after  having  been  melted  in  the  fire.  And,  if  oils  are  mixed  with  falts,  they 
may  be  feparated  again,  almoft  pure.  Fixed  alkalies  turn’d  to  glafs,  with 
vitrifiable  earth,  in  the  fire,  may  again  be  feparated  ;  and  the  glafs  reduced 
to  its  component  parts.  There  are  more  inftances  of  this  kind,  but  thefe 
may  fuffice  to  intimate,  that  menftruums  aft  in  the  manner  above  obferved. 

The  principle  2.  It  may  here  be  obje&ed,  that  folution  produces  new  bodies,  or  fuch 
jeldom  c hang- -  as  were  not  to  be  found  before.  Thus,  if  red-lead  be  diffolved  in  di- 
'dthmh.  ftilJed 

vinegar,  there  arifes  fugar  of  lead ;  in  which  cafe  the  acid  of 
the  vinegar  is  attracted  into  the  particles  of  the  lead  ;  yet  when  this 
: fait  of  lead  comes  to  be  diftilled  in  a  retort,  with  a  ftrong  heat,  the 
vlpirit  of  vinegar  is  not  recovered  ;  but  a  particular  liquor  obtained,  that  will 
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burn  in  the  fire.  This  inftance  is  juft,  .and  there  are.  many  inorfe  of  the 
like  kind  :  but,  we  muft  confider  that  the  parts  of  the  menftruum  once  ad¬ 
hering  to  the  furfaces  of  the  diffolved  particles,  cannot  always  clearly  ex¬ 
tricate.  themfelves  again;  and  frequently  not  only  flick  clofe,  but  remain 
united,  fo  that  they  go  together,  and  long  continue  in  a  flate  of  com-  - 
bination.  Hence,  operators  often  imagine  that  the  nature  of  bodies  is  de-  - 
llroyed,  whilft  there  only  happens  fuch  a  fimple  conjunction  of  un-  • 
changed  particles  under  a  new  appearance. 

3.  Thus,  for  example,  the  blade  of  a  lancet,  or  knife,  when  naked,,  has 
the  appearance  of  the  power  of  cutting  ;  but  when  remaining  in  the  fheath, 
has  not  then  the  fame  appearance  ;  tho’,  in  themfelves,  the  knife  or  lancet  is  > 
ftill  the  fame  :  and  the  eafier  they  are  to  be  unfheath’d,  .the  fooner  the  ap¬ 
pearance  of  their  cutting  power  becomes  manifefl ;  but  if  the  fheath  was  • 
to  be  firmly  connected  with  the  blade,  we  fnould  not  fcruple  to  fay  that 
the  blade  was  chang’d.  So,  if  a  little  cylinder  of  pure  filver  be  gilt  with 
gold,  and  put  into-aqua-fortis;  all  the  filver  will  be  perfectly  difiblv’d  away, 
and  leave  the  hollow  covering  of  gold  entire,  floating  like  a  black  film 
in  the  menftruum.  Whence  alfo,  the  acid  parts  of  vinegar  may  be  fa  united 
to  certain  parts  of  lead,  as  not  to-  feparate  from  each  other  upon  diflillation  ; 
but  eafily  rife  together.  It  would  therefore  be  wrong  to  aflert,  that  the 
acid  of  the  vinegar  was  thus  converted  into  a  new  kind  of  inflammable  liquor  ■ 
by  the  contadl  of  lead:  it  is  highly  probable,  that  this  difference  much 
oftner  happens  from  combination,  than  from  any  change  in  the  fub¬ 
ftance;. .and  the  like  holds  alfo  in  feparation :  for  the.  fubftance  diflolved, 
often  confifls  of  very  different  parts*,  fome  of  which  are, perfedJy  taken  up. 
by  the  menftruum,  whilft  others  are  rejected  and  left  feparate ;  whence,  after 
the  menftruum  is  abftradted  from  the  folution,  there  remains  a  different  fub¬ 
ftance  from  what  was  employ’d  as  the  folvend.  And  hence,  without  caution, 
one  might  be  apt  to  infer,  that  the  fubftance  thus  procur’d  was.  a  new  one,  r 
produced  by  the  changing  power  of  the  folvent  *,  whereas.in  reality  it  is  only- 
produced  by  a  bare  feparation. 

4.  Hence  we  may  learn,  that  the  adtion-of  alfthe  known  menftruums  depends  ~Aa  by  notion 
upon  motion  ;.  however  abftrufe  fome  chemifts  may  imagine  their  actions. to  from  a  parti - 
be  :  for  if  a  menftruum  did  not  change  the  motion  of  the  parts  upon  which  cu^ar  caufe^ 
it  adls,  thofe  parts  would  remain  as  they  were  ;  in  which  cafe  the  .menftru¬ 
um,  contrary  to  fuppofition,  could  have  no  adtion  at  all..  But  it  is  not  eafy 
to.  underftand  the  phyfical  manner  wherein  this  motion  is  excited  by  the 
menftruum  ;  which  when  alone  was  at  reft,  as.  well  as.  the  folvend  till  it  be¬ 
gan  to  be  mov’d  by  the  menftruum :  but  when,  with  a  certain  degree  of. 
heat,  and  at  a  determinate  diftance,  thefe  two  begin  to  join,  a  new  and- 
confiderable  motion  immediately  arifes  in  both  ;  tho*  this  motion  exifted  in- 
neither  of  them  before:  the  origin  whereof,  we  cannot  fairly  attribute  to, 
the  common  caufes  of  motion  ;  fuch  as  impulfe,  gravity,  elafticity,  mag- 
netifm,  &c.  but,  there  is  here  a  particular  caufe,  not  common  to  all  bo¬ 
dies,  exerted  between  the  folvent  and  folvend.  This  fubjedt  fhould  be  care-, 
fully  enquir’d  into;  for  he,  who  can  learn  the  power  of  menftruums,- will 
underftand  the  whole  nature- of  chemiftry;  and  be  able  to. perform  all  its 
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nobleft  operations.  We  are  the  more  incited  to  this  enquiry,  by  the  au¬ 
thority  of  fome  great  philofophers,  who  conceive  that  all  the  adions  of 
bodies  muft  be  accounted  for  mechanically. 

5.  When  a  folvent  divides  its  folvend  by  a  mere  mechanical  motion, 
the  particles  of  the  folvent,  at  reft  before,  muft  always  be  agitated  by 

fome  caufe,  that  generates  motion  in  the  folvent;  which  caufe  is  generally 

fire :  and  then  the  particles  of  the  menftruum,  thus  put  in  motion,  muft 
ftrike  againft  the  furfaces  of  the  particles  at  prefent  combined  together, 
in  the  folvend  ;  communicate  their  motion  thereto  ;  and  thus  loofen  and 
ftrike  them  off  from  the  folid  ;  whether  this  adion  be  exerted  upon  the  ex¬ 
ternal  furface  of  the  folvend,  or  upon  its  internal  parts.  And  this  I  take  to 
be  the  only' mechanical  manner  of  ading  ;  which  tho’  it  may  perform  fome- 
thing  ;  yet,  perhaps,  it  is  much  lefs  than  men  generally  imagine.  Fluids, 
indeed,  every  way  furround,  prefs  and  penetrate  a  folid,  immers’d  in  them : 
but  afterwards,  fcarce  effed  any  farther  change  upon  it,  by  means  of 

their  quantity,  hardnefs,  figure  or  weight.  It  is  true,  they  may  be 

mov’d  by.-the  adion  of  fire,  and  thus  ad  upon  the  external  furface  of  the 
folvend  ;  but  this  force  is  fmall,  and  always  as  capable  of  ading  upon 
.the  fluid  itfelf,  as  upon  a  folid  contain’d  therein  ;  and,  therefore,  has  no 
particular  power  of  applying,'  comprefting,  and  impelling  the  fluid  upon 
the  body  to  be  diffolv’d  ;  all  which  muft  depend  upon  fome  other  caufe. 
Thus  a  wedge  could  never  cleave  wood  by  being  barely  apply’d  to  it,  or 
by  being  kept  floating  about  it ;  but  muft  firft  be  fix’d  into  the  fubftance, 
and  afterwards  be  driven  farther  by  an  external  force :  an  adion  not  to  be 
expeded  from  the  particles  of  a  yielding  fluid.  But,  fuppofe  the  parts  of 
the  folvent  and  folvend  already  divided  by  a  pure  mechanical  force,  fo  as 
to  flow  among  one  another ;  yet  unlefs  a  farther  power  be  added,  the  fe- 
parated  parts,  at  firft  exifting  in  a  fluid  form,  will  foon  difengage  and  range 
themfelves  according  to  their  refpedive  fpecific  gravities,  and  not  re¬ 
main  fufpended  together  in  the  fluid.  So,  when  water  by  its  motion  wears 
away  metals,  ftones,  or  other  hard  fubftances,  a  mere  mechanical  force  thus 
divides  them  into  minute  particles  ;  and  upon  refting,  a  fine  powder  falls  to 
the  bottom  of  the  water,  and  cannot  even  by  fhaking  be  made  to  mix  per¬ 
manently  therewith.  So,  again,  when  boiling  water  difiolves  bodies  com¬ 
pos’d  of  oily  and  earthy  parts,  the  oil  foon  floats  to  the  top,  and  the  earth 
falls  to  the  bottom:  and  thefe,  indeed,  may  be  called  mechanical  folutions. 
In  like  manner,  rivers,  winds,  concuflions  of  the  air  from  the  firing  of  guns, 
thunder,  &c.  have  this  kind  of  adion  ;  but  after  the  folution  is  made,  the 
folvent  and  folvend  here  feparate  from  each  other,  according  to  their  gra¬ 
vity,  as  foon  as  the  ftrong  concuflion  ceafes.  Thus,  when  antimony  is 
melted  in  a  ftrong  Are,  along  with  falts  and  other  metallic  bodies,  the 
\Vhole  feems  to  be,  thus,  intimately  mixed  ;  but  when  remov’d  from  the 
fire,  a  fcoria  rifes  to  the  top,  and  the  pure  metallic  part  finks  to  the  bot¬ 
tom.  Repulfion,  alfo,  may  caufe  bodies  to  feparate,  after  they  were  mix’d 
together  by  fhaking  ;  as  we  fee  in  oil  and  water,  or  alcohol  and  oil  of  tartar 
per  deliquium  ;  where,  not  only  gravity,  but  alfo  repulfion  occafions  a  repa¬ 
ration,  and  fuffers  ftmilar  things  to  unite  with  fimilar.  Some  metals  alfo, 
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"when  melted  together,  do  the  like  ;  as  appears  remarkably  in  Ml  Homberg* s 
method  of  purifying  filver.  In  fhort,  thofe  menftruums  alone  appear  to  ad 
mechanically,  which  by  a  bare  mechanical  motion,  arifing  from  their  mag- 
nitude,  hardnefs,  figure,  weight,  and  impulfe,  firft  attenuate  bodies,  then 
diredly  feparate  from  them  again,  according  to  their  fpecific  gravities  ;  by 
which  kind  of  folution  no  great  change .  can  arife :  and,  by  this  mark, 

I  judge,  we  may  know  whether  a  menftruum  ads  mechanically  or  not, 
and  eafily  diftinguifh  fuch  menftruums  from  others. 

6.  When  a  folution  is  performed  by  any  menftruum,  fo  as  that  the  diftolv’d  What  foluti- 
particles  remain  equably  mixed  with  thofe  of  the  folvent,  tho*  they  both,  mechanical 
at  firft,  differed  remarkably  in  their  weight ;  fuch  a  folution  may  be  efteem’d 

owing  in  part  to  the  general  mechanical  power,  which  here,  almoft  univer- 
fally  concurs,  but  principally  to  another  addon  arifing  from  the  particular  or 
peculiar  property  in  the  folvent  with  refped  to  the  folvend  ;  and  vice  versa  : 
as  by  this  power  the  particles  of  the  one  attrad  the  particles  of  the  other ; 
and  thus  both  are  feparated  from  their  former  concretions,  and  afterwards 
intermix  or  unite  with  each  other,  fo  as  to  form  numerous  new  fpecies 
of  bodies. 

7.  To  illuftrate  this  by  an  example ;  if  a  ball  of  foft  clay  be  put  into  water,  An  injlance 
and  fet  over  the  fire  fo  as  to  boil,  the  parts  of  the  water  now  put  in  motion  °f  mechanical 
by  the  fire,  will  divide  the  clay  into  fmall  particles  ;  and  thus  mix  them 
throughout  the  body  of  the  water,  whilft  the  boiling  continues  j  but,  when 

the  external  force  of  the  fire  ceafes,  and  the  water  comes  to  reft  and  grow 
cool,  all  the  clay  falls  to  the  bottom  :  whence,  I  would  chufe  to  call  this 
a  mere  mechanical  folution  *,  becaufe,  in  this  cafe,  the  particles  of  the  water 
being  put  in  motion  by  the  fire,  agitate  the  parts  of  the  clay,  without  having 
any  farther  adion,  after  the  motion,  given  by  the  fire,  ceafes  to  ad. 

8.  But,  if  a  ball  of  fal-gem,  whofe  gravity  is  much  greater  than  that  of 

water,  be  boiled  in  four  times  its  quantity  of  water,  all  the  fait  immediately  ^nhanical 
diftolves  fo  perfedly,  as  to  remain  totally  imbib’d,  fufpended,  and  uniformly 
diffufed  in  the  water,  even  after  it  grows  cold  and  is  thoroughly  at  reft ;  and. 
this,  tho’  the  fait  was  fo  much  heavier  than  the  water :  whence  it  appears 
that  there  is  a  power  in  the  water,  whereby  it  in  fuch  a  manner  unites  to  itfelf 
the  particles  of  the  fait,  that  they  cannot  be  feparated  from  it  by  their  own 
gravity,  but  remain  fufpended  :  whence  we  have  an  intimation,  that  there  are" 
fewer  menftruums,  which  ad  by  a  mere  mechanical  force,  than  men  com¬ 
monly  imagine.  Thus  water  diftolves  ice  and  water ;  alcohol  diftolves  alco¬ 
hol  ;  and  fimilar  fluids  diflolve  ftmilar.  But  there  are  various  degrees,  wherein 
the  particles  of  different  menftruums  adhere,  clofer  or  loofer,  with  the  parti¬ 
cles  of  the  body  diflolved :  whence,  again,  arife  numerous  differences  in 
the  corpufcles  produced  by  menftruums  *,  fome  being  fo  permanently  com¬ 
pounded,  as  not  to  be  refolv’d  into  the  Ample  particles  again,  of  which 
they  were  compos’d  ;  whilft  others  eafily  let  go  the  parts  they  had  acquir’d 
in  the  folution :  and  thefe  degrees  are  almoft  infinite.  Menftruum 

9.  In  conformity  with  what  is  above  delivered,  we  may  divide  all  the  divided  into 

known  menftruums  into  four  diftind  kinds  *,  with  refped  to  the  different  aC 

manner  of  their  diflolving.  (1.)  Thus,  under  the  firft  clafs,  I  reckon  all  c°their  manner 
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thofe  which,  aft  by  a  pure*  fimple  mechanical  power  *,  and,  whofe  adion 
therefore,  may  be  explain’d  by  the  fame  mechanical  principles,  or  the  com¬ 
mon  powers  of  ading  ;  which  belong  to  all  bodies  univerfally  :  but,  thefe 
menftruums  are  few,  and,  commonly,  extremely  fimple.  (2.)  To  the  fecond 
clafs  belong  thofe,  which  whilft  they  in  fome  meafure  aft  by  a  mechanical 
motion  ;  yet,  at  the  fame  time,  principally  owe  their  efficacy  to  a  certain 
repelling  power.  (3J  The  third  clafs  are  fuch  as  chiefly  aft  by  a  mutual 
attradion  between  the  parts  of  the  folvent  and  folvend  ;  which  are  a  very 
large  number,  and  common.  (4.)  Under  the  fourth  clafs,  I  reckon  all  thofe 
menftruums,  which  aft  by  the  joint  concurrence  of  the  feveral  properties 
above-mentioned  ;  and  thefe  are  the  largeft  number  of  all  *,  fince  in  almoft 
every  menftruum  there  is  a  concurrence  of  mechanical  power,  repulfion 
and  attraftion.  And  if  it  were  poffible  to  clafs  menftruums  according  to  the 
differences  of  their  aftions,  and,  thence  to  form  lower  clafles  thereof  j  che- 
miftry  might  thus  be  brought  to  rule  ;  and  we  be  able  to  determine  the  event 
of  every  operation,  a  priori :  and  hence,  chemical  experiments  might  be  made 
with  the  greateft  utility,  in  other  branches  of  natural  philofophy. 

10.  We  fhall  here  attempt  to  give  an  example  of  each  kind,  the  better  to 
prepare  the  mind  for  what  is  to  follow.  By  way  of  addition  to  what  is 
above  faid  of  mere  mechanical  folution  •,  let  us  confider  the  granulation  of 
filver,  by  pouring  it,  melted,  into  cold  water.  Take  an  ounce  of  pure 
filver,  put  it  into  a  clean,  ftrong  crucible,  cover  it  clofe  with  a  tile,  put  it 
into  a  gentle  fire,  firft,  and  when  almoft  ignited,  give  a  ftrong  blaft-heat 
till  the  filver  runs  as  thin  as  water  :  now  take  the  crucible  out  of  the  fire, 
and  holding  it  high  in  the  air,  pour  the  fluid  metal,  by  a  little  at  a  time, 
into  cold  Water,  that  rifes  at  leaft  a  foot  in  the  containing  veffel ;  thus  the 
parts  of  the  melted  filver  will  enter  the  water  with  a  gentle  hiffing,  and 
upon  the  firft  contad  feparate  into  fmall  grains,  and  fall  to  the  bottom, 
without  occafioning  the  leaft  farther  change,  either  in  the  filver  or  in  the 
water :  whence  we  learn,  that  the  melted  filver  thus  divides  the  water,  and 
is  divided  by  it*,  whilft  neither  of  them  are  altered  by  this  divifion  ;  but 
range  themfelves  according  to  their  refpedive  fpecific  gravities,  if  the  fame 
circumftances  are  carefully  obferved.  The  like  experiment  alfo  fucceeds 
in  gold. 

11.  But  if  the  like  experiment  be  made  with  copper,  as  foon  as  ever  the 
melted  metal  touches  the  water,  the  whole  fubftance  of  the  copper  inftantly 
recoils  and  flies  off  with  an  incredible  force,  divided  into  fuch  fubtile  par¬ 
ticles,  as  fcarce  to  be  found  again  *,  the  wonderful  repelling  force,  here  ex¬ 
erted,  fcarce  fuffering  any  two  particles  of  the  metal  to  remain  united.  Whence, 
we  learn  that  there  may  be  menftruums,  which,  like  the  water  in  the  prefent 
cafe,  may  furprifingly  difTolve  the  folvend  by  a  repelling  power:  and,  if 
gold,  or  filver,  were  mixed  with  the  copper,  and  melted  together,  then 
poured  into  water,  the  effed  would  be  fimilar.  So  that  experiments  of  this 
kind,  are  not  to  be  rafhly  ventured  upon,  for  fear  of  mifchief. 

12.  The  next  example  will  fhew,  that  different  bodies  unite  upon  contad, 
and  difTolve  each  other.  Take  four  ounces  of  the  flowers  of  fulphur,  put 
them  into  an  unglaz’d  earthen-pan, covered  with  a  tile,  to  prevent  the  fulphur 
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from  catching  flame,  fet  it  over  a  fire,  fo  gentle,  as  barely  to  keep  the  fulphur 
melted  :  put  fix  ounces  of  pure  quickfilver  into  a  ftrong  clean  linen-bag 
and.  fufpend  this  bag  over  the  melted  brimftone,  which  being  uncovered, 
gently  lqueeze  a  little  of  the  quickfilver  into  the  melted  fulphur,  and  ftir 
them  together,  with  a  heated  fpatula,  till  thus  by  degrees,  all  the  quick¬ 
filver  is  perfedtly  mixed  in ;  whereby  a  black,  brittle,  ftringy  mafs  will  be 
obtain’d;  which,  if  viewed  thro’  a  microfcope,  fhines  and  appears  metallic. 
Here  we  fee  a  dry  fluid  folvent,  and  a  dry,  hard  folvend,  upon  the  contact 
of  their  minute  particles,  concrete  together  by  attradlion  fo  ftrongly,  as  not 
again  to  be  feparated  by  fire ;  but  upon  fublimation,  afcend  united,  and 
form  cinnabar.  Thefe  fubftances,  which  thus  unite,  are  very  different  in 
their  origin,  gravity,  kind,  and  degree  of  volatility,  and  little  difpos’d  to 
unite  when  entire  ;  yet  their  particles  coming  into  contadl,  they  retain  each 
other  tenacioufly.  The  caufes  of  this  union  are,  firft,  fire,  which  melts  the 
fulphur,  and  diyides  it  into  its  particles.  Secondly,  the  divifion  of  the  mer¬ 
cury,  by  pafling  thro’  the  linen-bag,  as  thro*  a  fine  fieve,  and  falling  by  a 
little  at  a  time,  into  the  fulphur.  Thirdly,  the  conftant  ftirring  of  them 
both  togerher.  But  thefe  three  caufes  only  apply  the  mercury  to  the  ful¬ 
phur.  The  fourth  caufe,  therefore,  is  a  power  in  both,  whereby,  when  touch¬ 
ing  in  many  furfaces,  they  attradl  each  other  fo  ftrongly,  as  to  require  a 
great  force,  or  a  ftronger  attractive  of  either,  before  they  will  feparate  again  ; 
and  this  mutual  attraction  is  the  principal  caufe  of  the  effect.  From  whence, 
fifthly,  arifes  fo  firm  a  cohefion,  as  the  laft  effect,  that  tho*  fublim’d  in  a 
clofe  vefiel  by  a  ftrong  fire,  they  do  not  feparate  into  fulphur  and  mercury 
again,  but  rife  in  minute  particles  of  cinnabar,  the  fmalleft  of  which  con- 
fifts  of  fulphur  and  mercury  united  :  and,  tho’  this  cinnabar  be  refublim’d, 
thefe  parts  are  fo  far  from  feparating,  that  they  are  thus  more  intimately  uni¬ 
ted.  Indeed,  the  cinnabar  does  not  rife  the  fecond  time  fo  eafily  as  the 
firft ;  but,  in  each'  operation  becomes  lefs  fublimable,  and  at  length  ex¬ 
tremely  fix’d  in  the  fire  :  whilft  in  the  mean  time,  the  mercury  does 
not  fly  off,  but  remains  bound  down  by  the  fulphur  ;  and  this,  tho*  the 
fire  be  violent.  Hence,  I  do  not  wonder  that  novices  in  chemiftry,  upon 
feeing  this  experiment,  fhould  expedt  that  metals  might  be  made  by  the  in¬ 
timate  union  of  fulphur  and  mercury  in  the  fire :  efpecially  when  all  the 
adepts  exprefiy  agree,  that  metals  are  compofed  of  thefe  two  principles. 
But  fuch  novices  receive  the  reward  of  their  credulity  :  for  in  all  thefe 
trials,  the  fulphur  ftill  remains  fulphur ;  and  the  mercury  returns  from  it 
unmeliorated,  when  another  dry  menftruum  is  added,  which  attradls  the 
fulphur  ftronger  than  the  fulphur  attradls  the  mercury.  Thus,  if  twelve 
ounces  of  cinnabar,  made  ever  fo  fix’d  by  repeated  fublimation,  be  ground 
to  powder,  and  well  mix’d  with  an  equal  quantity  of  clean  iron-filings,  then 
diftilled  with  a  ftrong  fire,  all  the  mercury  comes  over,  and  falls,  in  its 
own  native  form,  to  the  bottom  of  the  water  put  into  the  receiver  for  the 
purpofe  ;  leaving  behind  in  the  retort  a  fixed  mafs,  made  by  the  union  of  the 
fulphur  and  iron  :  which  two,  always  unite  more  eagerly  than  fulphur  and 
mercury.  Fix’d  alcali  may  here  be  ufed  inftead  of  iron:  for  that  alfo,  when 
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melted,  by  the  fire,  difiolves  the  fulphur,  intimately  unites  with  it,  and  fets 
the  mercury  at  liberty  :  quick-lime,  alfo,  will  do  the  fame. 

13.  As  another  example  of  a  merely  attractive  menftruum,  take  two 
drams  of  flower  of  fulphur,  and  three  drams  of  mercury,  grind  them  to¬ 
gether  in  a  glafs-mortar,  the  longer  the  better  ;  the  mercury  will  now  gra¬ 
dually  difappear  in  its  own  form,  and  unite  to  the  fulphur,  which  alfo  dif- 
appears  in  its  form ;  and  from  the  intimate  mixture  of  the  two,  a  very 
black  powder  at  length  arifes,  after  pafling  thro*  various  degrees  of  colour, 
which  becomes  the  more  black,  the  longer  the  trituration  is  continued,  and 
the  clofer  the  two  fubftances  are  united.  This  black  powder  upon  refting, 
foon  fpontaneoufly  concretes  into  a  mafs,  wherein  the  mercury  is  cover’d,  fix’d 
and  detained,  fo  as  to  be  thus  fafely  given  to  animals  in  a  large  quantity, 
without  aCting  as  mercury  upon  them  -,  nor  can  it  be  feparated  from  the 
powder  by  any  other  means,  than  by  the  diftillation  above- mention’d,  with 
iron-filings,  &V.  and  if  fublim’d  alone,  it  alfo  produces  cinnabar.  The  alche- 
mifts  have  confider’d  this  operation  with  expectation  of  gain  ;  calling  the 
black  powder  thus  made,  the  crow’s- head  ;  which  is  by  them  faid  to  appear 
in  the  beginning  of  their  great  work,  upon  the  exaCt  union  of  the  two  prin¬ 
ciples,  fulphur  and  mercury.  Here,  therefore,  we  have  another  example  of 
a  dry  fluid  menftruum,  and  a  folvend,  divided  in  their  parts  by  a  bare  mecha¬ 
nical  rubbing  them  together,  and  afterwards  uniting  by  an  attractive  virtue, 
fo  as  not  to  feparate  again. 

14.  As  an  inftance  of  the  attractive  and  repellent  kind,  take  a  pound  of 
An  inftance  of  common  antimony,  reduc’d  to  powder,  melt  it  in  a  clean  crucible,  clofe  co- 
the attraflive  Ver’d,  till  it  runs  like  water,  and  difeharges  a  copious  white  fume  then  take 
a”jjePe!‘ent  the  crucible  out  of  the  fire,  and  let  it  reft  in  a  quiet  place  till  perfectly  cold, 

when  the  furface  of  the  antimony  will  appear  rough,  unequal,  and  full  of 
holes  :  then,  upon  breaking  the  crucible,  you  will  find  the  bottom  part  of 
the  mafs  folid,  metallic  and  fhining  but  the  upper  part  porous,  white,  yel- 
lowifn,  and  lead-coloured.  Whence  we  fee,  that  the  fire,  by  melting  the 
antimony,  had  diflolv’d  its  metallic  and  fujphurous  parts  •,  which,  being 
thus  fet  free,  range  and  aflociate  themfelves  differently,  the  metallic  with 
metallic,  and  the  fulphureous  with  fulphureous,  whilft  the  metallic  repels 
the  fulphureous,  and  vice  verfa :  fo  that  in  this  cafe,  fufion  by  the  fire,  re- 
pulfion,  attraction  and  gravity,  aCted  together,  whilft  the  folution  was  made* 
If  this  experiment  be  fuppos’d  not  to  fhew  the  nature  of  a  menftruum  *,  yet  it 
mull  be  allow’d,  that  many  particulars  may  hence  be  learn’d  which  happen 
in  the  aCtions  of  menftruums. 

1 5.  But  farther,  to  fhew  how  menftruums  may  aCt  by  different  concurring 
ways  }  take  an  ounce  of  fait  of  tartar,  and  half  an  ounce  of  flower  of  ful¬ 
phur,  heat  them,  and  grind  them  together  quick  in  a  hot  mortar,  in  a  dry 
and  warm  air  -3  put  the  powder  into  a  crucible,  cover  it  clofe,  and  fet  it  in 
the  fire,  where  the  powder  will  foon  melt,  tho*  the  fix’d  fait,  when  alone* 
melts  with  difficulty.  Pour  the  melted  matter  upon  a  clean  ftone,  where  it 
will  appear  an  uniform  mafs,  that  foon  runs  in  the  air,  efpecially  if  it  be 
ground  to  powder,  and  thus  prefentiy  turn  into  a  red  oil:  whence  we  fee, 
how  ftrongly  a  dry  menftruum  may  unite  with  the  dry  body  of  fulphur, 
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which  alone  does  not  diflblve  in  water  ;  but  now,  by  the  power  of  the  men- 
ftruum,  prefently  dilfolves  with  the  moifture  of  the  air,  which  it  feems  gree¬ 
dily  to  attract. 

1 6.  The  following  is  ftill  a  more  curious  experiment,  to  the  fame  purpofe. 

Take  four  ounces  of  fine  antimony,  reduc’d  to  a  fubtil  powder,  grind  with  it 
two  ounces  of  hot  and  dry  fait  of  tartar,  in  a  heated  mortar,  and  a  warm  and 
dry  air,  the  peftil  alfo  being  made  hot  ;  put  the  mixture  into  a  crucible,  and 
melt  With  a  ftrong  heat,  that  the  powder  may  run  thin  ;  then  pour  the 
melted  matter  into  a  melting-cone,  and,  when  cold,  knock  it  out :  thus  wc 
fhall  have  an  uniform  mafs,  perfectly  mix’d  thro*  its  whole  fubftance,  by 
flowing  in  the  fire  like  water,  and  now  refembling  glafs  ;  being  of  an  afh  colour, 
a  cauftic  tafte,  and  diffolving  in  the  air  into  a  purple  liquor.  Hence  the  fix’d 
alkali,  the  fulphur,  and  the  metallic  part  of  the  antimony  are,  by  the  action 
of  the  fire,-  firft:  minutely  divided,  and  then  again  united  into  one  uniform 
fubftance  ;  which  rarely  happens  in  other  cafes. 

17.  Again,  take  an  ounce  of  pure  filver,  and  three  ounces  of  fine  copper, 
melt  them  in  a  crucible  with  a  ftrong  blaft-heat,  and  a  pit-coal  fire ;  when 
perfectly  fufed,  pour  them  into  an  iron  ingot :  thus  you  will  have  an  uniform 
metallic  mafs,  made  by  an  intimate  mixture  of  the  two  metals,  which  cannot 
now  again  be  fcarce  feparated,  without  the.  afliftance  of  lead  upon  the  tell. 

In  this  experiment,  one  metal  becomes  a  menftruum  to  the  other,  as  foon  as’ 
they  are  both  melted  together,  whilft  each  of  them  coheres  more  ftrongly  to 
the  other,  than  to  it  felf :  for,  in  every  particle  of  filver  there  is  here  an  uni¬ 
form,  cbnftant  proportion  of  copper:  and,  tho*  they  differ  in  weight,  they 
do  not  feparate  from  each  other  ;  the  fire  thus  melting  and  mixing  them  to¬ 
gether,  without  being  the  caufe  of  their  mixing  lo  proportionably.  This 
operation,  therefore,  {hews,-  that  the  mercurial  part  of  the  filver  unites  it  felf 
fo  ftrongly  to  that  of  the  copper,  as  not  to  let  it  go  again  ;  otherwife  the 
melted  filver  ^wou’d  fall  to  the  bottom  of  the  crucible,  and  the  melted 
copper  float  above  it :  and  thus,  after  fufion,  divide  into  two  different 
flrataj  as  oil  of  tartar  per  deliquium  and  alcohol,  when  fhook  in  a  glafs, 
prefently  feparate,  upon  {landing,  into  two  diftindt  fluids,  and  cannot  be 
brought  to  mix.  And  here  it  deferves  to  be  remark’d,  that  thefe  metallic 
bodies,  whether  they  concrete  in  the  cold,  or  melt  in  the  fire,  always  retain 
the  fame  proportion  to  each  other,  in  which  they  were  mix’d.  And  thefe 
examples  may  ferve  to  fhew,  how  varioufly  dry  menftruums  adt  upon  each 
other. 

18.  If  weconfiderthe  dodlrine  and  inftances  above  deliver’d,  we  {hall  have  a  The  concur- 
different  notion  of  the  folution  of  bodies  by  menftruums,  from  that  com- 
monly  entertain’d  by  chemifts,  and  fuch  philofophers  as  endeavour  toex--j^*  * 
plain  chemical  experiments  upon  juft  principles  *  who  have  all  conceiv’d,  that  ay 
certain  mechanical  acrimony,  acting  by  an  univerfal  mechanical  power,  was 
here  the  caufe  of  the  effedl  :  and  when  they  found,  that  what  diflolved  one 
body,  would  not  diflblve  a  fofter,  they  have  invented  feveral  ways  to  folve 
the  difficulty  and  apparent  contradiction.  But  as  we  purpofe  to  enquire  into 
nature  by  experiments  alone,  we  muft  proceed  in  another  manner:  and  when 
we  regard  all  the  circumftances  of  this  affair,  we  are  firft  to  confider  the  nature 
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of  fire  ;  which  being  examined,  in  all  its  degrees,  by  experiments,  we  find 
to  be  an  almoft:  univerfal  folvent,  as  it  liquifies  almoft:  all  bodies,  if  applied 
in  a  proper  proportion  to  them.  For  when  we  rife  gradually,  from  the  heat  of 
the  body  in  health,  to  the  utmoft  violence  of  the  focus  of  a  burning  con¬ 
cave,  and  apply  various  bodies  to  the  feveral  degrees,  we  fhall  find  but  ve¬ 
ry  few  which  do  not  run  or  refolve  into  their  minuted:  particles,  with  one  or 
other  of  thefe  degrees :  for  tho*  fome  fubftances,  as  brick,  &c,  grow  harder 
with  a  certain  degree  of  heat ;  yet  they  vitrify  with  an  intenfe  fire,  as  we  fee  in 
melting  furnaces.  And  altho*  a  few  bodies  do  not  melt  in  the  ftrongeft  fire 
hitherto  known  ;  yet,  who  can  fay  they  would  not  melt  in  a  ftronger  ?  We 
muft  therefore  acknowledge,  that  the  power  of  heat  is  very  great  and  exten¬ 
sive  in  the  aftion  of  menftruums.  The  mercurial  parts  of  metals  could  never 
be  fo  uniformly  united  as  they  are,  without  the  affiftance  of  fire. 

19.  Again,  in  order  to  underftand  the  adtion  of  menftruums,  we  are  to 
obferve,  whether  any  mechanical,  ftrong,  or  long- continued  attrition  be 
concern’d;  as  this  may  often  fupply  the  want  of  fire,  by  attenuating,  divid¬ 
ing,  and  rubbing  the  parts  of  bodies  together  ;  whence  their  fine  particles 
may  ad  upon  each  other,  and  at  length  intimately  unite.  Thus,  by  means 
of  NL.'  Langeiotte's  (a)  mill,  gold  is  faid  to  have  been  ground  into  a  potable  li¬ 
quor  ;  upon  which  fubjed  the  author  has  wrote  an  exprefs  treatife.  And  we 
read  in  M.  Homberg* s  papers,  that  all  the  metals,  even  gold  it  fclf,  have 
been  perfedly  difiolv’d,  and  turn’d  to  liquors,  by  long  grinding  them  with 
pure  rain-water. 

20.  N ext,  we  are  to  confider,  that  bodies  may  happen  to  be  diftol  v’d  after  un  • 
dergoing  the  operation  of  fufion,  trituration,  or  feeling  the  joint  efficacy  of  both : 
for  when  thus  the  bodies  are  divided  into  minute  particles,  and  intimately  mix’d  ; 
there  hence  frequently  arifes  an  opportunity  for  them  to  exert  a  repelling  force, 
which  before  was  latent.  This  being  an  obfervation  in  the  more  fecret  prac¬ 
tice  of  chemiftry,  we  fhall  illuftrate  it  by  an  example.  Melt  pure  lead  in  an 
iron  ladle,  then  add  to  it  thrice  its  weight  of  pure  quickfilver,  mix  them  to¬ 
gether,  and  you  will  thus  have  a  white  amalgam,  fhining  like  filver,  capa¬ 
ble  of  being  kept  for  years  unalter’d  :  if  this  amalgam  be  ground  in  a  glafs 
mortar,  with  a  glafs  peftil,  the  whole  mafs  foon  turns  perfedly  black  ;  and 
if  water  be  added  to  it,  and  ground  therewith,  then  pour’d  off,  it  takes  away 
the  blacknefs,  and  leaves  the  amalgam  pure  again,  and  capable  of  being 
kept  as  before:  but,  if  ground  again,  it  again  grows  black  ;  and  this,  after 
numerous  repetitions,  as  I  have  tried.  Whence  it  is  plain,  that  the  mercury 

here 


[a)  We  find  in  the  Pbilofopbical  Tranfac- 
lions,  N 0 .  87  an  account  of  a  letter  written  by 
this  Dr.  Joel Langelotte,  chief  phyfician  to  the 
duke  of  Holjiein,  wherein  mention  is  made  of 
his  way  of  grinding  gold;  and  two  engines,  or 
philofophical  mills,  are  there  deferibed  for  the 
purpofe  ;  with  one  of  which,  in  the  fpace  of 
fourteen  natural  days,  he  reduced  leaf-gold  to 
a  dulky  powder,  and  putting  it  into  a  {hallow 
retort,  placed  in  a  fand-heat,  he  thence  ob¬ 
tained,  by  gradually  increafing  the  fire,  and 
y  ing  a  ftrong  one  at  laft,  a  few  very  red 


drops ;  which,  digefted  per  fe,  or  with  tarta- 
rized  fpirit  of  wine,  a  {forded  a  pure  and  ge¬ 
nuine  Aurum  potabile.  The  fuccefs  of  this 
operation,  the  doctor  attributes  in  great  mea- 
fure  to  the  fait  of  the  air,  which  in  grinding 
plentifully  mixes  and  unites  it  felf  with  the 
gold  :  but  this  particular  he  then  defigned  to 
give  farther  proof  of,  in  his  account  of  fome 
uncommon  experiments  made  in  the  labora¬ 
tory  at  Gotlorp,  By  means  of  trituration  he 
likevvife  declares,  he  obtained  the  genuine 
mercury  of  antimony. 
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here  mix’d  with  the  lead,  does  not  repel  this  black  matter  either  from 
it  felf,  or  from  the  lead,  unlefs  this  mechanical  triture  be  ufed;  whereby  the 
mixture  is  attenuated,  its  parts  clofer  applied,  and  more  intimately  conjoin’d  ; 
whence  there  arifes  a  power  in  the  mercury  upon  the  lead,  and  of  the  lead 
upon  the  mercury,  whereby  the  matter,  foreign  to  both,  is  repell’d  and  fepara- 
ted  from  them :  which  could  fcarce  be  done  by  another  operation.  And  if  the 
amalgam,  thus  made,  be  feveral  times  diftill’d  with  mercury,  and  cohobated  ; 
thus  alfo,  as  in  the  former  cafe,  the  fame  black  matter  may  be  obtain’d,  and 
walh’d  from  it,  by  trituration  with  water  ;  whence  a  repelling  force  is  thus 
again  plainly  introduc’d  ;  by  means  whereof  the  feparation  is  afterwards  eafi- 
ly-made  :  and  by  no  other  methods  that  I  know  of. 

21.  It  often  happens,  that  the  parts  both  of  the  folvent  and  folvend,  By  attraftion, 
when  fufed  or  agitated  by  the  fire,  or  attenuated  and  mix’d  by  trituration,  ma- 

nifeft  a  powder  of  attraction  and  combination,  that  was  latent  before*,  and  this 
often  in  a  new,  wonderful,  and  very  effectual  manner  :  whence  proceeds  a 
great  variety  of  bodies  that  did  not  appear  before,  and  are  fcarce  producible 
by  any  other  means*,  as  we  fee  in  the  preceding  inftance  of  the  amalgama¬ 
tion  of  lead  ;  where,  upon  triture,  there  arifes  a  wonderful  union  of  the 
mercurial  metallic  particles,  by  this  attractive  power;  which  manifefts  it  felf 
after  the  repelling  power  had  firft  feparated  the  heterogeneous  parts  that  pre¬ 
vented  the  homogeneous  parts  from  coming  perfectly  into  mutual  contaCt : 
but  when  the  foreign  matter  is  feparated,  in  the  manner  above  explained,  the 
purified  mercurial  particles  of  both  kinds,  coming  more  intimately  together, 
produce  fomewhat  that  was  unexpected. 

22.  Laftly,  when  a  menftruum,  by  this  means,  has  diflolved  a  body,  be  Whence  new 
the  manner  of  aCtion  what  it  will;  and  if  after  the  folution  is  completed,  the 
menftruum  be  totally  feparated  from  the  diffolv’d  fubftance,  fo  that  they 

both  exift  feparately  again;  the  difiolved  body  is  thus  obtain’d  under  a  dif¬ 
ferent  form,  and  generally  changed  into  a  calx,  or  fome  new  kind  of  fub¬ 
ftance. 

23.  Hence  we  learn,  that  nearly  all  menftruums,  even  the  folid  kind,  are.  Solid  men- 
at  the  time  of  their  aCtion,  in  a  fluid  form  ;  unlefs  we  except  the  cafe  of  tri-  ftruumt aa as 
turation,  which  of  it  felf  often  renders  bodies  fit  for  folution  :  but  then,'  to 

make  the  diflolution  perfect,  the  trituration  muft  be  fo  exquifite,  as  to  ren¬ 
der  the  bodies  almoft  fluid. 

24.  The  following  experiment  is  an  inftance  wherein  all  the  above-men-  One  infancy 
tioned  caufes  concur  at  once  in  dry  menftruums  ;  viz.  fire,  triture,  repelling  °f  a!l 
power,  attractive  power,  and  mechanical  force  ;  foasto  produce  all  the  dfieCts,  caufesttnifini’ 
viz.  attenuation,  concretion,  feparation  and  change.  At  the  fame  time,  this  will 

bean  example  of  a  juft  procedure  in  making  the  like  experiments.  Take  fixteen 
ounces  of  antimony,  purify’d  by  a, Ample  fufion  in  the  manner  above-men¬ 
tioned,  reduce  it  to  fine  powder ;  this  powder  we  know  confifts  of  common 
brimftone,  intimately  intermix’d  with  the  mercurial  part  of  the  antimony; 
as  is  the  cafe  in  common  antimony  it  felf,  tho’  no  fign  of  thefe  two  different 
parts  appears,  even  by  the  microfcope.  Then  take  twelve  Ounces  of  Rhenijh 
tartar,  reduc’d  alfo  to  fine  powder,  and  fix  ounces  of  pure  pulveriz’d  nitre  ; 
dry  them  all  feparately  to  the  higheft  degree,  and  mix  them  perfectly  well 

together 
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together  in  an  iron  mortar,  and  referve  this  powder  for  the  following  ufe. 
Next,  take  fix  ounces  of  tartar  in  fine  powder,  and  three  of  nitre,  mix  thefe 
well  together,  to  be  kept  in  readinefs:  now,  put  a  clean  iron  ladle  over  a 
clear  fire,  till  it  becomes  almoft  ignited,  then  throw  into  it  a  fmall  portion 
of  the  compound  powder  of  tartar  and  nitre;  the  mixture  will  immediately 
{‘well,  boil,  throw  out  fmall  fparks,  and  burn  with  a  livid  flame,  leaving  be¬ 
hind  a  white  and  perfe&ly  alkaline  mafs,  intermix’d  with  fpots  of  green  : 
and  if  a  frefh  quantity  of  the  fame  powder  be  thrown  in,  it  produces  the 
fame  appearances.  Whence  we  fee,  that  a  mixture  of  an  acid,  vegetable  fait, 
and  a  faline  terreftrial  one,  fume,  fparkle,  burn,  and  turn  to  fix’d  alkali,  im¬ 
mediately  upon  touching  the  Are.  It  was  above  obferv’d,  that  fix’d  alkali, 
well  mix’d  with  fulphur,  inftantly  took  flame  in  the  fire  ;  whereupon  the 
fulphur  was  immediately  diffolv’d  into  a  new  fubftance.  And  hence  it  ap¬ 
pears,  that  if  tartar,  nitre,  and  fulphur,  be  mix’d  together,  and  thrown,  by 
a  little  at  a  time,  into  an  ignited  ladle  ;  a  fix’d  alkali  immediately  arifes, 
which  lays  hold  of  the  fulphur,  difiblves  it,  and  turns  it  to  a  fubftance  of  a 
peculiar  nature.  From  whence  we  may  eafily  apprehend  the  effecft  that  will 
follow  upon  applying  the  above-mentioned  mixture  of  antimony,  tartar,  and 
nitre  to  the  fire,  in  the  following  manner. 

25.  Set  a  large,  ftrong  crucible  in  tfie  fire,  fo  as  to  heat  gradually  and 
equably,  without  cracking  ;  let  it  be  capable  of  containing  at  leaft  thrice  the 
quantity  of  the  powder  to  be  thrown  in  •,  cover  it  with  a  tile,  and  when 
thoroughly  ignited,  take  off  the  cover,  and  throw  in  two  drams  of  the  mix¬ 
ture  ;  firft  well  heated,  with  care  to  prevent  its  taking  fire :  it  will  inftantly, 
upon  touching  the  bottom  of  the  crucible,  burft  into  flame,  fmoke,  and  fparks, 
but  grow  quiet  when  ignited  again.  Throw  in  the  fame  quantity  after  the 
fame  manner,  and  do  this  by  degrees,  till  all  the  powder  is  ufed  ;  at  each 
time  covering  the  crucible,  after  the  matter  is  thrown  in,  till  the  ftruggle  is 
over.  When  the  deflagration  is  flnifh’d,  raife  the  fire  fo  as  to  make  the  matter 
flow  like  water,  which  may  be  tried  by  ftirring  it  with  a  tobacco-pipe  ;  keep 
it  a  while  in  this  heat,  then  pour  it  into  a  dry  brafs  cone,  firft  heated,  and 
greas’d  on  the  inflde  with  tallow,  rather  than  oil,  which  being  apt  to  contain 
water,  might  here  have  a  terrible  effetfl  :  a  flame,  like  lightning,  immediately 
arifes  upon  pouring  in  the  melted  mafs,  on  account  of  the  tallow  with  which 
the  cone  was  greas’d;  and  by  this  flame  the  matter  is  hindred  from  flicking  to 
the  metal.  When  all  is  grown  cold,  invert  the  cone, and  ftrike  it,  upon  which 
the  matter  will  come  out  and  appear  divided  into  two  different  parts;,  the  up¬ 
per  a  brown  one,  weighing  about  fourteen  ounces,  and  call’d  by  the  name  of 
fcoria?;  which  are  brittle,  of  a  fiery  tafte,  and  run  in  the  air  to  a  red  liquor  : 
thefe  fcoriae  confift  of  the  fix’d  alkali,  made  by  the  tartar  and  nitre;  and  of 
the  fulphur  of  the  antimony,  melted  into  one  mafs,  by  the  alkali,  in  the 
fire  ;  and  thus  being  repelled  from  the  metallic  part,  it  floats  at  the  top,  whilft 
the  metal  falls  to  the  bottom  by  its  own  weight ;  which  therefore  conftitutes 
the  othei;  part,  and  is  of  a  white  Alining  colour,  like  filver  ;  being  very  pon¬ 
derous,  and  on  its  upper  furface  bearing  the  figure  of  a  ftar  :  this  part  would 
be  truly  metallic,  but  for  its  extreme  brittlenefs,  which  renders  it  pulver- 
*hle. 
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2 6.  This  laft  experiment  illiterates  all  that  was  above  delivered  concern¬ 
ing  the  adion  of  dry  folid  menfiruums  ;  for,  lire,  mechanical  trituration 
here  reduces  three  kinds  of  matter  to  minute  particles,  fo  as  to  render  them 
intimately  mifcible.  Secondly,  the  fire  melts,  moves,  mixes,  and  unites  all 
the  three  together.  Thirdly,  the  oil  in  the  tartar,  and  the  fulphur  in  the  antimo¬ 
ny,  taking  flame  together  in  the  fire,  fix’d  alkali  is  thus  immediately  produced, 
and  diredly  lays  hold  of  the  fulphur  of  the  antimony ;  whence,  by  their 
attra&ive  force,  the  alkali  and  the  fulphur  unite  into  one  mafs,  that  eafily 
runs  in  the  fire.  Fourthly,  at  the  fame  time,  there  arifes  a  repelling  power 
between  the  metallic  part  of  the  antimony,  and  the  alkaline  fait;  which  two 
can  never  be  united  in  the  fire,  but  always,  in  fufion,  repel  each  other, 
and  range  themfelves  into  different  ft  rata,  according  to  their  gravity. 

27.  And  hence  it  plainly  appears,  why  the  more  ponderous  metallic  part 
here  falls  to  the  bottom  of  the  cone  ;  leaving  the  fulphureous  alkaline  part 
at  the  top,  and  thus  producing  two  new  fubftances ;  viz.  an  alkaline  fulphureous 
fcoria,  and  a  ftellate  regulus  of  antimony.  Hence,  a  mere  mechanical 
power,  attra&ion  and  repulfion,  a 61  conjointly  in  this  experiment,  to  pro¬ 
duce  firft  a  folution,  and  afterwards  a  feparation  ;  the  pulverization  minute¬ 
ly  dividing  the  heterogeneous  parts,  increafing  their  contact,  and  multiplying 
their  furfaces  ;  whilft  the  fire  mixes  them  farther,  by  agitating  them  toge¬ 
ther,  and  exciting,  increafing  and  continuing  their  attractive  and  repulfive 
powers,  thus  keeping  the  whole  mafs,  and  all  its  parts,  in  liquid  fufion  ;  the 
oil  of  tartar,  at  the  fame  time,  inflaming  with  the  fulphur  and  nitre,  and 
thus  adding  great  ftrength  to  the  fire.  The  tartar  and  the  nitre,  by  a  per- 
■fedt  deflagration,  here  afford  a  fharp  fix’d  alkali,  which  drinking  in  all  the 
fulphur,  ftrikesout  from  it  the  metallic  part  of  the  antimony,  which  it  will  not 
touch.  Laftly,the  whole  heated  mafs  increafes  the  ftrength  of  the  fire;  whence 
the  motion  and  concuflion  becomes  the  more  violent,  and  throws  off  a  copi¬ 
ous  fume,  with  foot,  and  fparks  ;  by  which  means,  34  ounces  of  the  powder 
lofe  about  16  ounces  in  the  operation  ;  the  regulus  weighing  only  about  2 
ounces  and  3  quarters.  This  experiment  fhould  be  carefully  made  ;  for  if 
the  crucible  be  not  large,  in  proportion  to  the  powder,  it  will  not  contain  the 
matter,  v/hen  it  fwells  and  boils ;  and  unlefs  the  mixture  be  ground  fine,  it 
bounces  and  flies  off  in  the  fire  :  if  the  crucible  be  not  thoroughly  ignited, 
the  matter  thrown  in  will  not  fufe ;  and  unlefs  the  powder  be  heated 
before  it  is  thrown  in,  it  may  crack  the  crucible  by  its  coldnefs.  Each 
time  that  any  powder  is  thrown  in,  you  muft  wait  till  the  detonation  ceafes, 
or  till  the  matter  becomes  perfectly  ignited,  and  runs,  before  you  throw  in 
frefh  ;  otherwife  the  mixture  that  remains  unmelted,  collects  to  a  folid  cruft 
at  the  rop,  and  confines  the  matter  underneath :  which  confifting  of  alkali, 
nitre,  and  fulphur,  then  aeftslike  gun-powder,  and  foon  explodes  with  great 
violence ;  which  may  eafijy  be  prevented  by  the  above-mentioned  cautions. 
Again,  unlefs  all  the  matter  be  made  to  flow  thin,  before  it  is  pour’d  out,  the 
regulus  will  not  be  perfectly  feparated  from  the  fcoria  ;  and  if  the  melting- 
cone  be  not  heated  before  the  melted  matter  is  poured  into  it,  there  is  dan¬ 
ger  of  its  flying;  and  unlefs  it  be  greas’d,  the  matter  often  flicks  fo  faft  to 
the  metal,  as  not  to  be  got  off.  If  a  Angle  drop  of  water  fhould  accidentally 
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fall  into  the  cone,  the  melted  mafs  poured  into  it  might  hence  be  made  to  fly" 
about  in  a  dangerous  manner.  And  laftly,  if  it  be  not  quickly  poured  into* 
the  cone,  whilft  it  remains  very  fluid,  neither  the  regulus  nor  the  fcoria  will 
feparate  exadlly,  or  range  themfelves  distinctly  :  fo  many  cautions  are  requi¬ 
red  in  this  Angle  experiment. 

(the  mechani-  28.  We  may  now  proceed  to  a  clofer  consideration  of  the  actions  of  Solid 
cal  anions  of  and  fluid  fol  vents  upon  their  folvends  fo  far  as  they  are  explicable  upon  pure 
menfiruums  mechanical  principles  :  and  the  great  regard  I  have  for  mathematical  merit, 
fjtoej  LQK'  requires  it  of  us.  There  is  no  known  fenSible  body  in  nature,  whofe  parts 
are  fo  tenacioufly,  or  fo  Strongly  held  together,  as  not  to  be  Separated  by  a 
mere  mechanical  force,  without  the  intervention  or  neceflity  of  any  other 
caufe.  Thus,  even  the  diamond,  tho’  fo  remarkable  for  its  hardnefs,  we 
fee,  may  be  faw’d  and  cut  into  any  Shape,  and  exquisitely  polish’d  ;  for 
which  purpofe,  the  lapidaries  ufe  only  mechanical  instruments,  and  mecha¬ 
nical  motion. 

29.  So  again,  the  molt  fluid  body  may,  by  a  mere  mechanical  motion,  diSV 
folve  a  hard  one  by  attrition.  Thus  water,  by  continual  falling  upon  me¬ 
tal  or  Stones,  wears  or  diSTolves  them  away  ;  for  altho’  the  falling  of  a 
Angle  drop  has  but  little  force  ;  yet,  by  numerous  repetitions,  it  produces 
remarkable  effeds.  Soft  leather  being  long  rubb’d  upon  the  hardeSt  gems, 
metals,  or  glafs,  gives  them  a  polifh  ;  and  wheels  of  wood,  kept  constantly 
turning,  will  wear  away  any  body  applied  t9  their  Surface,  into  inviAble  par¬ 
ticles:  whence  it  follows,  that  the  continual  renewal  of  any  wearing  body 
may  grind  away  the  hardeSt  Substances  ;  infomuch  that  the  fofteft  bodies 
will  thus,  at  length,  refolve  the  moft  rigid,  into  particles  fo  minute  as  to  e- 
fcape  the  fenfes. 

Soft  ladies  30.  And  here  we  are  to  confider,  that  the  leaft  and  ultimate  particles  of  a- 
may  confijlof  ny  menStruum,  to  us  inviAble,  may  poflibly  be  hard,  and  almoSt  unchange- 
t.anfanti-  atqe  .  th0»?  [n  any  fenfible  bulk,  they  appear  ever  fo  Soft  to  our  fenfes:: 

which  observation  Seems  to  be  conflrmed  by  many  particulars.  Thus, 
the  component  particles  of  Are  exceed  all  others  in  hardnefs-,  fmallnefs, 
mobility,  and  immutability.  No  one  hath  hitherto  obferved  any  change 
in  an  ultimate  particle  of  true  air ;  tho’  the  air,  by  its  force,  produces 
many  changes  upon  other  bodies.  Water,  which  is  found  fo  foft^a  fluid,, 
conflfts  of  Such  very  hard  parts,  as  not  to  be  changed  by  any  weight,  con- 
cuflion,  or  preSTure  :  and  we  formerly  obferved  the  fame  of  the  ultimate  par¬ 
ticles  of  earth.  So  alcohol  receives  no  change  in  its  particles,  after  ever  fo. 
many  distillations,  digeftions,  and  commixtures.  So  likewife,  the  distil¬ 
led  acid  fpirits  of  the  mineral  Salts  Seem  almoft  immutable,  and  consequently 
conflft  of  extremely  hard  particles  ;  notwithstanding  that  Some  have  imagi¬ 
ned  them  pointed,  and  consequently  changeable;  but  .the  induStrious  Horn- 
berg)  by  digesting  thefe  fpirits,  in  clofe  veSTels,  for  years  together,  with  a 
conStant  heat,  found  them  to  be  no  way  changed1  thereby  :  tho’  vinegar* 
indeed,  in  the  Space  of  four  years,  was  altered  to  another  nature  (b). 

31.  The 


l)  See  Du  Hamel  Hijl.  Ac.  roy.  p.  497/498. 
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31.  The  inftances  juft  mentioned  ferve  to  fhew,  that  the  laft  particles  Bence  finds 
■of  the  foftfcft  fluids  may  be  hard  and  permanent :  whence  it  may  be  eaflly 
-conceived,  that  the  attrition  of  the  ultimate  particles  of  menftruums,  ftrongly 
agitated,  and  repeatedly  applied,  for  a  long  time,  to  the  furface  of  a  body,  con- 

lifting  of  corpufcles  joined  together  fo  as  to  compofe  a  diffolvable  m-afs,  may 
thus  wear  down  and  diflolve  large  and  hard  bodies  into  minute  particles; 
as  well  as  large  bodies  diflolve  others,  by  being  rubbed  upon  them.  An 
example  whereof  we  have  in  ftones,  wore  away  or  made  hollow  by  the  eon- 
ftant  dripping  of  water :  and  this,  efpecially,  by  the  aftiftance  of  fire, 
to  promote  the  percuftion,  attrition,  and  collifion  of  the  furfaces  of  the 
bodies. 

32.  But,  in  every  mere  mechanical diflolution,  there  occurs  this  difficulty, 
that  the  particles  of  the  menftruum,  applied  to  the  furface  of  the  folvend, 
eafily  fly  off  or  recoil,  fo  as  not  to  acft  powerfully  *,  but  then  we  are  to  confi- 
der,  that  the  weight  of  both  the  bodies  may  have  a  great  effedfc  *,  and  alfo  the 
weight  of  the  atmofphere,  as  mentioned  in  our  hiftory  of  air.  Whence  it  is 
certain,  that  all  menftruums,  which  a<5t  Amply  by  a  bare  mechanical  power, 
diflolve  but  weakly,  unlefs  fome  other  power  be  added  :  on  the  other  hand, 
we  know,  that  a  ftrong  external  compreffion  of  a  fluid  to  a  folid,  greatly  in- 
creafes  the  diffolving  power,  cateris  'paribus.  Thus,  bones  are  little 
changed  by  long  boiling  with  water  in  an  open  veffel  ;  but  foon  grow  fofr, 
and  diflolve,  in  Papin's,  digeftor;  where  the  parts  of  the  water  are  ftrongly 
comprefled,  and  driven  or  ground  againft  the  fubjecft.  And  thus  we  may 
clearly  underftand  the  firft- mechanical  manner,  wherein  certain  menftruums 
atft  *,  viz.  by  the  attrition  of  one  body  againft  the  external  furface  of  the 
other. 

33.  But  when  the  particles  of  a  folvent  not  only  wear  away  the  body  of 
the  folvend,  by  attrition  from  without,  but  at  the  fame  time  lay  hold  of  its 
internal  parts,  fo  as  to  diflolve  the  inner  fubftance  by  attrition  ;  in  this  cafe, 
the  particles  of  the  folvent  feem  to  infinuate  themfelves  into  the  pores  of  the 
folvend,  and  thus  to  adt  upon  the  internal  furface,  after  the  fame  manner  as 
we  have  already  explained  of  the  external  furface.  So  that  here  the  prin¬ 
cipal  difficulty  is  to  underftand,  by  what  means  the  folvent  enters  the 
pores  of  the  folvend  •,  and  here  we  have  not  all  the  light  one  could  wifh,  be- 
caufe  there  are  very  few  inftances  of  merely  mechanical  folutions  :  whence  we 
are  obliged  to  make  ufe  of  thofe  wherein  mechanical  caufes  a<ft  con¬ 
jointly  with  others. 

34.  The  firft  condition  requiftte  to  this  folution,  is  a  proportional  mag  *  The  conditHns 

nitude  between  the  fmalleft  pores  of  the  folvend,  and  the  particles  of  the  fol-  requifieto  in¬ 
vent.  ;•  for,  if  thefe  pores  are  fo  large  as  to  admit  the  folvent  in  a  liquid  form,  ' 

the  caufe  of  the  action  is  the  fame  as  before  :  but  if  the  pores  are  too  little  to  ,ua  P  u  ‘*n‘ 
take  in  the  Ample  particles  of  the  menftruum,  fcarce  any  internal  folution 

can  happen.  On  which  account,  therefore,  no  diflolution  frequently  enfues, 
when  the  parts  of  the  menftruum  adhere  to  each  other,  fo  as  to  form  large 
concretions,  incapable  of  entering  the  pores  of  the  folvend :  but  if  thefe 
concretions  are  diftolved  by  water,  into  finer  particles,  and  thus  fet  farther 
afunder  by  the  interpofitioji  thereof,  they  now  may  enter  the  pores  that  ex- 
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eluded  them  before  •,  as  in  the  following  experiment.  Put  ati  ounce  of 
highly  rectified  oil  of  vitriol  into  a  glafs-body,'  place  the  glafs  in  water  fet  o- 
ver  the  fire  to  boil,  then  put  into  the  oil  of  vitriol  five  drams  of  clean  iron- 
filings,  and  fhake  the  glafs  •,  upon  which  there  will  inftantly  arife  a  great  ra- 
rifadtion,  without  fume  or  ebullition  *,  the  matter  in  the  mean  time  remaining 
fwelled,  but  undiffolved,  and  of  a  grey  colour.  To  another  ounce  of  oil  of 
vitriol,  heated  in  the  fame  manner,  pour  three  ounces  of  boiling  water  ;  if 
the  water  be  added  cold,  the  glafs  would  bur  ft  ;  throw  into  this  diluted  oil 
of  vitriol,  five  drams  of  iron- filings  :  upon  which  a  violent  ebullition,  effer- 
vefcence,  and  fume  will  arife,  with  a  garlick  fmell  ;  and  the  whole  body  of 
the  iron  be  prefently  diflblved  into  a  green  liquor. 

35.  Thofe  two  excellent  authors,  Bohn  and  Boyle ,  fay,  that  filver  and  lead 
will  not  diftblve  in  the  ftrongeft  fpirit  of  nitre  *,  but,  readily,  if  that  fpirit  be 
diluted  with  water  :  the  following  experiments  will  fhew  how  that  matter 
ftands.  Into  an  ounce  of  the  ftrongeft  fpirit  of  nitre  I  could  procure,  I  put 
half  an  ounce  of.  red-lead,  and  found  no  efFervefcence  nor  folution  enfue  in 
the  cold  ;  then  to  an  ounce  of  the  fame  fpirit,  diluted  with  eight  ounces  of 
water,  I  put  half  an  ounce  of  red-lead,  and  here  alfo  found  they  remained 
Jong  quiet  in  the  cold.  Again,  I  put  an  ounce  of  pure  filver  to  an  ounce  of 
the  ftrongeft  fpirit  of  nitre,  and  found  no  fign  of  ebullition  or  folution.  To 
an  ounce  of  the  fame  fpirit,  diluted  with  an  ounce  o‘f  rain-water,  I  put  an 
ounce  of  pure  filver,  and  found  thefe  alfo  remain  quiet  in  the  cold  :  but,  up¬ 
on  applying  thefe  four  containing  vefiels  to  the  fire,  I  found  all  the  men- 
ftruums  begin  to  adt,  eftervefee  and  diflolve  \  with  this  difference,  that 
the  ftrong  fpirit  difiolved  lefs,  and  flower ;  but  the  diluted  fpirit  quicker, 
and  ftronger. 

36.  From  thefe  experiments  we  infer,  (1.)  That  mineral  acid  lpirits  may¬ 
be  diluted  with  water.  (2.)  That  the  mixtion  is  promoted  by  fhaking  the 
veflel,  fo  as  intimately  and  equably  to  unite  the  water  with  the  faline  fpirit, 
which  might  otherwise  remain  at  the  bottom,  and  fuffer  the  warer  to  float  at 
the  top  ;  as  appears,  in  part,  from  the  undtuous  veins  appearing  when  they 
begin  to  mix.  (3.)  That  thus,  as  many  aqueous  parts  as  the  operator  plea- 
fes,  may  be  interpofed  between  every  two  faline  particles,  by  adding  more  or 
lefs  water.  (4.)  That,  by  this  means,  the  particles  fo  diluted  may  be  kept 
from  uniting  into  larger  faline  concretions,  and  remain  floating  feparately  among 
the  particles  of  the  water  intermixed.  (5.)  That  hence  the  faline  particles, 
thus  kept  floating  feparate  in  the  water,  feem  now  capable  of  entering  the 
fmall  pores  of  the  bodies  to  be  diftolved,  by  being  rendered  minuter.  (6.) 
That  thefe  faline  particles,  unlefs  diluted  ' with  water,  touch  one  another 
clofely,  fo  as  to  unite  or  concrete  into  larger  mafles,  incapable  of  entering  the 
fmall  pores  of  bodies.  From  all  which,  our  notion  of  folution  above  deli¬ 
vered,  is  rendered  highly  probable. 

37.  But  farther,  in  order  to  underftand  the  mechanical  adtions  of  men- 
ftruums,  we  fhould  confider  the  figure  of  the  particles  of  the  folvent  •,  for 
we  learn  from  mechanics,  that  mechanical  adtions  greatly  depend  upon  the 
figure  of  the  adting  body.  Thus,  any  body  whatever,  remaining  the  fame 
in  all  refpedls  except  its  figure,  may  acquire  a  power  of  performing  many 
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things  which  it  could  not  perform  before;  and  this  merely  on  account  of  its 
figure  :  for  inftance,  an  ounce  of  fteel  may  be  formed  into  a  fphere,  a  cube, 
a  pyramid,  a  knife,  a  lancet,  a  dagger,  a  piercer,  a  chiffel,  a  file,  a  faw,  &c.  all 
which  anfwer  different  purpofes,  on  account  of  their  figure.  In  like  man- 
.ner,  the  fame  body  may  a<ft  differently  as  a  folvent,  according  to  the  figure 
of  its  parts,  provided  the  pores  of  the  folvend  are  able  to  receive  them  *,  and 
hence  it  may  happen,  that  the  reciprocal  power  between  a  folyent  and  a  fol¬ 
vend  fhall  be  fometimes  abolifhed,  or  perfedly  changed,  when  the  figure  of 
the  furface  of  either,  or  both,  is  changed  :  but  it  is  extremely  difficult  to 
prove  this  to  the  eye  ;  it  being  fcarce  poffible  to  render  the  ultimate  pores 
or  particles  of  bodies  vifible.  But  reafon,  which  from  vifible  objects  infers 
the  latent  nature  of  what  is  iirvifible,  fhews  that,  this  is  the  cafe  ;  unlefs  we 
imagine  the  diffolving  particles  of  bodies  to  be  immutable  :  which,  however, 
is  not  probable,  becaufe  the  ultimate  particles  of  bodies  feem  not  to  be  the 
fame  as  their  diffolving  particles  •,  tho’  it  muft  be  allowed,  that,  in  many  in¬ 
stances,  the  diffolving  particles  themfelves  feem  to  be  changed.  But  that  an 
efficacious  fitnefs  for  adion  may  arife  in  bodies,  on  account  of  their  figure, 
has  been  elegantly  illuftrated  by  Mr.  Boyle ,  from  the  example  of  a  lock  and 
its  key  ;  whofe  figure  and  fize  give  them  a  peculiar  and  fingular  power  of 
ading.  Whence  we  may  gather,  that  the  relative  figure  between  the  par¬ 
ticles  of  the  folvent  and  the  pores  of  the  folvend,  may  fit  them  to  produce 
many  fingular  effeds  in  mere  mechanical  diflolutions  *,  and  therefore,  that 
many  remarkable  changes  of  bodies  may  thus  be  brought  about,  by  fuch  Solu¬ 
tions  depending  upon  fize  and  figure.  Sometimes  alfo,  great  and  extraordi- 
mary  effeds  may  be  owing  to  the  form  of  a  body,  as  we  fee  in  the  calling  of 
bells  ;  where  a  mafs  of  melted  metal,  caft  into  a  proper  form  for  the  purpofe, 
and  hung  in  the  ufual  manner,  when  this  bell  comes  to  be  ftruck  upon  by 
-the  clapper;  all  the  circular  fedions  of  the  bell,  from  the  top  to  the  bot¬ 
tom,  change  their  circular  figures  into  innumerable  ellipfes,  which  re¬ 
turn  to  circles  again,  with  a  quick  reciprocal  motion,  backwards  and  for¬ 
wards  ;  thus  occafioniog  quick  undulations  in  the  air,  to  a  great  difiance  ;• 
propagating  tremulous  motions,  fhud derings,  and  founds  ;  and  hence  pro¬ 
ducing  changes  in  the  bodies  of  animals,  vegetables  and  foffils:  and  all 
which  depends  upon  the  bare  configuration  of  the  bell. 

38.  The  following  experiments  are  fuppofed  of  that  kind,  wherein  the- 
•figure  of  the  folvent  is  changed  with  regard  to  its  folvend.  To  an  ounce  of 
well-red ified  oil  of  vitriol,  add,  drop  by  drop,  fix  ounces  of  pure  alcohol, 
made  without  alkali,  and  ffiake  the  containing  veffel  every  time  ;  digefb  the 
mixture,  for  a  confiderable  time,  in  a  tall  weil-clofed  glafs  *,  then  carefully 
diftil,  with  degrees  of  fire,  till  the  matter  begins  to  grow  black ;  upon  which, 
-change  the  receiver,  and  continue  a  gentle  fire  with  caution  :  thus  there  will 
come  over  a  fulphureous  fuffocating  phlegm,  and,  at  the  fame  time,  a  dul¬ 
cified,  volatile,  fweet-fmelling  oil  of  vitriol,  about  fix  drams  in  weight,  to 
be  carefully  kept  in  a  ftopt  glafs.  The  liquor,  thus  obtained,  produces  very 
different  effieds  upon  iron,  from  .thofe  produced  upon  it  by  common  oil  of 
■vitriol.  Underftand  the  fame  of  firong  fpirit  of  nitre,  carefully  dulcified 
with  thrice  its  weight  of  alcohol.  So  likewife  firong  fpirit  of  fea-falt,  when 
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thus  dulcify ’d,  will  not  diftolve  gold,  but  extract  its  colour,  as  Mr.  Boyle  has 
obferved  :  and  To  the  dulcify ’d  ipirit  of  nitre  will  not  diftolve  filver,  tho* 
common  fpirit  of  nitre  diflolves  it  readily.  Experienced  authors  attribute 
thefe  different  effeds  to  a  change  in  the  figure  of  the  dilfolving  particles  : 
and  whether  this  change  be  owing  to  the  combination  of  the  alcohol,  to 
•diftillation,  or  to  both  ;  the  form  or  manner  of  the  folvents  is  here  certainly 
changed. 

Particles  en-  38.  There  is  a  third  caufe,  of  confiderable  efficacy,  in  merely  mechanical 
irrtng  parti-  folutions,  arifing  from  confidering  that  the  leaft  corpufcles  of  a  menftruum, 
having  the  requifite  inflexibility  tor  the  purpofe,  may  infinuate  themfelves 
partially  into  the  pores  of  the  foivend,  fo  as  to  leave  one  part  of  each  cor- 
pufcle  prominent  above  the  furface  of  the  body  to  be  difiblv’d  ;  by  which 
means,  all  the  pores  in  the  furface  of  the  foivend  will  be  ftruck  full  of  points 
flicking  out  like  briftles,  without  entering  farther  :  when,  therefore,  the 
particles  of  fuch  a  menftruum  are  put  in  motion,  they  will  conftantly  ftrike 
with  a  different  direction  on  all  Tides,  upon  the  particles  thus  flicking  in  the 
furface  of  the  foivend  ;  which  points  therefore  will,  hence,  ad  as  wedges, 
to  fhake  and  fpljt  the  foivend  afunder.  It  is  highly  probable  that  this  is 
frequently  the  cafe  ;  efpecially,  if  we  refled  that  in  fuch  folutions,  the  uni¬ 
formly  fmooth  furface  of  the  foivend  is  commonly  render’d  rough  and  un¬ 
equal  :  and  in  mechanical  folutions,  this  third  caufe  appears  to  be  the  prin¬ 
cipal  one.  Whence  we  may  clearly  underftand  the  adion  to  be  perform’d  in  the 
•way  of  cleaving,  or  fplitting,  with  a  wedge,  here,  firft  fix’d  in  and  varioufly 
driven  by  the  menftruum  ;  the  ultimate  particles  of  the  foivend  being  ex¬ 
tremely  numerous,  and  the  pores  of  the  folvent  lying  in  every  point  of  the 
furface  of  the  foivend  ;  as  appears  from  the  fmallnefs.  of  the  parts  after 
diflolution. 

(4.)  39.  Laftly,  the  fourth  caufe  of  mechanical  folution  is  fire,  which  princi- 

Fire.  pally  fhakes,  agitates,  applies  and  re-applies  the  particles  of  every  folvent 

having  the  three  above- mention’d  conditions :  and  without  this,  the  three 
preceding  caufes  could  ad  no  more  than  a  wedge  not  driven  by  an  external 
force.  Thus,  tho’  the  fize,  hardnefs,  figure,  weight,  and  elafticity  of  the 
particles  of  the  folvent,  fho'uld  be  fitted  ever  fo  much  to  the  pores,  refiftance, 
and  hardnefs  of  the  foivend  ;  nay,  tho’  the  particles  of  the  one  fhould  touch 
the  pores  of  the  other,  and  begin  to  enter  them  •,  yet  without  the  adion  of 
fire,  no  folution  could  be  effeded.  And  not  only  fire  ads  thus  upon  men- 
ftruums  by  itfelf,  but  alfo,  as  it  excites  a  motion,  concuflion,  and  attrition  ’ 
in  the  air,  here  prefs’d  upon,  and  apply’d  by  the  weight  of  the  atmofphere, 
again  ft  the  furface  of  the  menftruum.  Whence,  the  elafticity,  the  weight, 
#nd  the  motion  of  the  air,  being  put  in  adion  by  the  fire,  increafes  the  powers 
of  the  menftruum.  And  this  is  all,  that  I  can  any  way  derive  from  pure 
mechanics,  in  order  to  account  for  the  adion  of  menftruums.  Some 
great  philosophers  have  imagin’d  this  was  fufficient  to  explain  all  the  phe¬ 
nomena  of  folutions:  and,  we  allow  indeed,  that  in  every  adion  thereof, 
all  thele  mechanical  powers  may  aftift  and  co-operate  *,  but,  do  not  allow 
that  thefe  alone,  without  the  intervention  of  other  caufes9  can  perform  the 
wftole  bufinefs  of  folution. 
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40.  On  the  contrary,  it  rarely  happens  that  any  menftruum  exerts  all  its  The  infuffici- 
diflolving  power  mechanically.  And  hence,  Sir  Ifaac  Newton ,  in  his  re-  e”<y°f™er* 
fearches,  has  found  reafon,  from  obfervation,  to  add  other  necefiary  caufes.  ^Jcfanfa 
But,  to  purfue  this  matter  clofely  •,  let  us  confider,  when  a  fluid  poftefs’d  of  lution. 
none  but  merely  mechanical  properties  furrounds  a  body  at  reft,  having.,  no 
particular  relation  to  the  fluid,  befides  the  common  mechanical  one  ;  this 

fluid  being  now  at  reft,  can  only  by  its  weight,  and  the  finenefs  of  its  parts, 
comprefs  the  external  furface  of  the  folid,  and  the  internal  one  of  the  pores 
it  enters  :  whence,  by  the  laws  of  hydroftatics,  we  can  expedt  only  the 
effedt  of  compreflion,  without  any  feparation  of  parts  or  change  of  figure,, 
unlefs  the  body  be  foft  and  yielding,  or  has  its  pores  fill’d  with  a  lighter 
fluid  than  that  which  furrounds  it ;  whence,  this  lighter  fluid  may  be  con¬ 
dens’d  in  thofe  pores,  or  diflodg’d  from  them..  And  hence,  the  condens’d 
mafs  will  change  its  figure,  bulk,  and  gravity  ;  but,  at  the  fame  time, 
remain  at  reft,  and  cohere  more  ftrongly  in  its  parts,  rather  than  diflolve,  If 
fire  be  now  apply’d,  all  the  particles  of  the  fluid  will  be  agitated  ;  but  ftill, 
if  the  fluid,  and  the  folid,  are  each  of  them  homogeneous,  the  cafe  is  ftill 
nearly  the  fame,  with  refpedt  to  the  menftruum  ;  as  the  fire  here  adting  equa¬ 
bly  upon  all  the  particles  of  the  fluid,  at  once  occafions  the  body  to  be 
equally  prefs’d  on  all  fides.  But  indeed,  fo  far  as  fire  excites  thofe  unequal 
explofive  motions  of  ebullition;  the  preflure  now  being  unequal,  may  wear 
off  fome  part  of  the  body  ;  efpecially,  if  its  furface  be  uneven  ;  but  this  does 
little  towards  the  bufinefs  of  folution,  as  we  daily  fee  it  perform’d  by  men- 
ftruums.  Thus,  we  find  that  hartfhorn  does  not  diflolve  fo  much  by  being 
long  boiled  in  water,  as  it  does  when  fufpended  in  the  vapour  arifing  from 
boiling  water.  But,  if  an  elaftic  matter  be  lodg’d  in  the  pores  of  a  body 
to  be  diflolv’d  ;  when  this  matter  comes  to  be  dilated  by  fire,  it  may  dis¬ 
charge  itfelf  in  bubbles,  burft  the  parts  wherein  it  was  confin’d,  and  thus 
refolve  the  fubftance :  which  folution  cannot  be  attributed  to  the  mechani¬ 
cal  adtion  of  the  menftruum  ;  but  is  owing  to  the  fire,  that  rarifies  and  adls 
upon  the  elaftic  matter.  Hence,  I  have  been  led  to  doubt,  whether  the  air 
which  contains  oils,  falts,  fpirits,  and  other  menftruums,  ever  adts  in  a 
mere  mechanical  manner  upon  the  bodies  it  diflolves;  efpecially  fince  fuch 
bodies  can  fcarce  ever  be  found  perfectly  pure  and  Ample :  whereas,  I  have 
learnt  from  experience, that  different  parts,  of  different  properties,  are  mix’d 
in  with  all  fuch  bodies  ;  whilft  thefe  parts  have  refpedtively  their  own  pe¬ 
culiar  powers  of  attracting,  repelling,  -  ana  changing  themfelves  many  other 
ways.  We  muft  not,  therefore,  attribute  more  to  mechanical  power,  than 
the  author  of  nature  has  given  to  natural  bodies ;  nor  extend  this  power 
beyond  its  proper  bounds,  in  accounting  for  chemical  operations.  This  de¬ 
claration  is  forc’d  from  me,  by  the  regard  I  bear  to  truth";  and  may  clear  me 
from  the  imputation  of  pretending  to  explain  chemical  operations  upon  me¬ 
chanical  principles. 

41.  Having  thus,  therefore,  difpatch’d  the  confideration  of  mechanical  MtnJJruutns 

power  in  folution  ;  we  proceed  to  confider  thofe  folvents,  which  adt  by  a  fling  by  a 
a  particular  virtue,  and  not  by  any  general  property  ol  body.  And  thefe 
folvents  we  {hall,  find  fo  numerous,  as  to  include  nearly  the  whole  number  ;  * 

which 
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which  being  extremely  large,  we  are  obliged  to  reduce  them  into  clafles 
under  general  titles :  and  this  contrivance  will,  not  only  help  the  memory, 
but  afford  an  opportunity  of  ranging  new  difcoveries  in  their  proper  places, 
according  to  the  relation  they  have  with  known  things  ;  whence,  alfo,  their- 
manner  of  adion  may  more  eafily  be  underftood. 


SECT.  III. 


Of  aqueous  Menstruum* 


Clafs  l . 
Aqueous  men- 
Jlruums. 


‘Ibe  beat  of 
water  limits 
its  dijfolving 
power. 


^rpHE  firft  clafs  of  fluid  menftruums  we  make  to  confift  of  water, 
and  aqueous  liquors.  But,  water  in  the  form  of  ice,  is  a  folid, 
which  difiolves  into  a  liquor,  upon  being  mix’d  with  dry,  or  fluid  falts, 
both  of  the  fix’d,  and  volatile,  alkaline  kind ;  with  fix’d,  or  volatile  acid 
falts,  compound  falts,  and  the  fermented  fpirits  of  vegetables ;  and  this,  even 
in  the  higheft  degree  of  cold  :  as  was  (hewn  in  the  chapter  of  fire,  where 
this  fubjed  has  already  been  fuflkiently  treated.  As  a  fluid  menftruum,  it 
begins  to  ad,  in  the  next  degree  below  that  of  freezing  ;  or,  in  a  heat  of 
thirty  two  degrees  by  Fahrenheit' s  thermometer :  and  never  ads  as  a  fluid 
menftruum,  where  it  remains  perfedly  froze.  The  heat  of  water,  un¬ 
confined,  may  be  increafed  by  boiling,  from  thirty  two  degrees,  to  two 
hundred  and  fourteen,  without  growing  hotter  in  our  climate,  upon  the 
earth’s  furface  ;  but,  as  it  heats  the  more,  the  greater  weight  of  the  at- 
mofphere  it  is  prefs’d  by,  its  heat  may  be  prodigioufly  increas’d  in  the  bowels 
of  the  earth  •,  fo  as,  at  great  depths,  to  have,  perhaps,  a  higher  diflolving 
power  upon  many  bodies,  than  any  other  known  menftruum. 

2.  It  is  the  happinefs  of  this  age,  thus  to  have  aftign’d  and  limited  the 
diflolving  power  of  our  firft  menftruum,  water,  within  thirty  two,  and  two 
hundred  and  fourteen  degrees  of  heat;  where  we  may  obferve  the  beau¬ 
tiful  manner,  wherein  nature  ads  :  for,  in  many  folutions  where  water  is 
the  menftruum,  the  diflolving  power  increafes,  and  diminifhes,  with  the  de¬ 
grees  of  heat.  Thus,  for  example,  water  of  thirty  three  degrees  hot,  difiolves 
a  certain  proportion  of  fea-falt,  which  prevents  the  water  from  turning  to 
ice  by  the  fame  degree  cf  cold,  that  would  freeze  pure  water  ;  and  this 
probably  happens  from  the  interpofition  of  the  fait ;  whereby,  the  furfaces 
of  the  particles  of  the  water  are  prevented  from  coming  into  mutual  con- 
tad.  But,  when  the  cold  is  increas’d  far  above  the  degree  which  freezes 
pure  water,  then  the  falt-water  begins  to  contrad,  and  the  fait  to  colled  at 
the  bottom  of  the  vefiel  in  little  cryftals  ;  and  as  the  cold  gradually  in¬ 
creafes,  this  water  gradually  depofites  more  fait,  till  at  length,  the  water 
being  nearly  depriv’d  of  all  its  fait,  turns  to  ice.  During  the  whole  increafe 
of  the  cold,  more  and  more  fait  is  continually  feparated  from  the  water  ;  and, 
when  the  ice  is  thaw’d,  all  the  depofited  fait  will  again  be  taken  up  by  the 
water.  On  the  other  hand,  if  water,  thirty  three  degrees  hot,  has  difiolved 
as  much  fait  as  it  poflibly  could  in  that  degree,  and  be  afterwards  gradually 

heated 
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heated  farther,  up  to  the  degree  of  boiling  ;  and  upon  the  increafe  of  every 
degree  a  little  more  fait  be  added,  this  fait  will  be  diffolved  every  time, 
till  the  liquor  boils  ;  after  which,  it  will  dilTolve  no  more,  tho’  boil’d  for  a 
long  time. 

3.  To  illuftrate  this  by  experiments  ;  take  an  ounce  of  pure  dry  fea-falt  in  Illujl rated. 
powder,  put  it  into  a  clean  chemical  phial,  and  gently  pour  thereto  three 
ounces  of  pure  water  ;  then  fet  the  glafs  in  a  quiet  place,  to  receive  the  degree 

of  heat  at  that  timefhewn  by  the  thermometer.  Having  put  the  fame  propor¬ 
tion  of  fait  and  water  in  another  phial,  fhake  them  ftrongly  together  in  the 
fame  degree  of  heat  with  the  former;  adding  at  times  a  little  more  fait,  till 
fome  remains  undiffolv’d  at  the  bottom.  Have  alfo  a  third  phial  in  readinefs, 
containing  the  fame  proportions  of  fait  and  water  as  the  firft.  Then  put  the 
fecond  and  third  phial  into  a  copper  of  water,  fet  over  the  fire  to  heat  by 
degrees  ;  thus  the  fait  in  the  phial,  that  was  not  fhook,  will  begin  to  dif- 
folve  ;  and  upon  the  heat  increafing,  the  fait  will  be  found  to  diffolve  much 
fooner  and  more  copioufly  than  in  the  firft  phial,  now  {landing  in  a  quiet  place, 

*  and  receiving  only  the  heat  of  the  atmofphere  :  fo  that  by  means  of  the 
heat  apply’d,  the  fait  is  as  well  diffolv’d  in  the  unfhook  phial,  as  in  that  which 
was  (hook.  Into  the  fecond  phial  throw,  as  the  heat  increafes,  a  few  grains 
of  dry  fait,  which  will  now  be  diffolv’d  ;  and  continue  doing  thus,  till  the 
water  boils  in  the  copper,  when  a  confiderable  quantity  of  fait  will  be  dif¬ 
folv’d  in  this  fecond  phial ;  befides  what  was  diffolv’d  before  by  long  fhaking. 

When  fo  much  fait  is  added  to  this  water  contain’d  in  the  phial,  that  it  will 
not  diffolve  the  jaffc  grain  that  was  added  ;  in  this  degree  of  heat  take  out 
the  phial,  and  fet  it  by  to  cool,  upon  which  the  pellucid  folution  will  begin 
to  grow  opake  and  turbid  ;  a  fkin  forming  upon  its  furface,  and  fait  falling  to 
the  bottom  ;  fo  that,  when  it  comes  to  be  of  the  fame  temperature  with  the 
atmofphere,  it  will  now  have  let  fall  nearly  as  much  fait,  as  it  had  diffolv’d, 
by  means  of  the  increas’d  heat,  above  that  of  the  external  air  at  the  time. 

If,  now,  the  firft  phial  be  examin’d,  a  large  quantity  of  the  fait  will  remain 
undiffolv’d  at  the  bottomr ;  whilft  the  other  part  is  diffolv’d  towards  the  bot¬ 
tom,  unmix’d  with  the  eft  of  the  water,  and  appearing  in  the  form  of  a 
heavy,  undtuous,  vifcous,  fluid  ;  and  if  not  fhook  will  thus,  long,  retain  the 
fame  appearance;  but  upon  fhaking,  it  fpreads  in  undluous  veins,  through 
the  body  of  the  water  above  it,  diffolves  in  it,  and  falls  no  more  to  the 
bottom.  Another  portion  of  the  fait  remaining  at  the  bottom,  now,  again 
appears  to  diffolve  in  the  fame  manner,  and  may,  by  fhaking  or  heat,  be 
mix’d  and  united  with  the  lefs  faline  water  above  :  and  this  obfervation 
holds,  till  nearly  all  the  fait  put  in,  comes  to  be  diffolv’d  thro’  the  whole 
body  of  the  water.  In  making  thefe  experiments,  the  two  phials,  put  into 
the  boiling  water,  are  to  have  fuch  long  necks,  that  no  water  can  exhale 
from  their  cavities  with  the  heat  apply’d  :  their  necks  alfo  are  to  be  heated, 
left  the  fleam  of  the  water  below  fhould  crack  them. 

4.  From  thefe  flight  experiments,  the  following  conclufions  eafily 
flow  ;  viz.  (1.)  That  the  parts  of  the  fait  and  water  are  not  here  changed, 
but  only  fo  conjoin’d,  that  the  water  now  touches  the  parts  of  the  fait,  as 
the  particles  of  the  fait  or  water  before  touch’d  one  another ;  which  fpecies 
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of  folution  is  a  mere  permixtion.  (2.)  That  the  increafe  of  heat  increafe 
this  power  of  permixture,  fo  as  to  haften  the  diffolution,  and  diffolve  more 
fait  in  the  fame  water  ;  and  this  fo  long  as  the  water  can  receive  a  higher  de¬ 
gree  of  heat.  (3.J  Hence,  alfo  aqueous  menftruums,  faturated  with  fait,  grow 
turbid  in  the  cold,  and  depofite  faline  cryftals  *,  but  when  heated*  grow  trans¬ 
parent  again,  and.  diffolve  the  fait  they  had  depofited.  (4.)  That  water 
and  the  fait  diffolv’d  therein  condenfe  by  cold  into  cryftals,  which  fpon^- 
taneoufty  refolve,  upon  the  re-application  of  heat  ;•  as  we  fee  highly  re&ify’T 
oil  of  vitriol  grows  folid  in  the  cold,  but  prefently  melts  with  warmth. 
(5.)  That  boiling  water,  faturated  with  fait,  is  heavier  than  water  ;  whence,, 
brine,  in  a  boiling  ftate,  proves  hotter,  by  the  thermometer,  than  pure  boiling 
water,  and  cannot  be  brought  to  boil  without  a  greater  heat  than  that  of' 
boiling  water;  whereas  pure  water  may  be  brought  to  boil  by  Setting  a  glafs 
of  it  in  boiling  water.  (6.)  Fire,  therefore,  is  the  caufe  of  the  folvent  power 
of  water,  and  ceafes  to  acft  without  it  *,.as  appears,  evidently  from  freezing, 
and  is  abundantly  confirm’d  in  our  hiftory  of  fire  r  for,  upon  the  decreafe 
of  heat,  the  cold  conftantly  and  proportionably  expels  from  water  the  Salts 
it  before  held  diftolv’d,  So  as,  even  to  convert  fpirit  of  nitre  into  ice  ;  whence, 
a  high  degree  of  cold,  always  exadtly  Separates  fait  from  water.  We  may 
add  alfo,  that  cold  difables  water  from  diffolving  alcohol.  In  the  winter  of 
the  year  1729,  I  expofed  beer,  wine,  vinegar,  and  brine,  in  large,  open 
veffels,  to  the  froft  ;  which,  thus,  congeal’d  nearly  all  the  water  of  thefe. 
liquors  into  a  loft,  Spongy  kind  of  ice,  and  united  the  ftrong  Spirits  of  the 
fermented  liquors  fo  that  by  piercing  the  ice,  they  might  be  pour’d  off  and 
Separated  from  the  water,  which  diluted  them  before  freezing  •,  and  the 
more  intenfe  the  froft  is,  the  more  perfedl  this  Separation  :  whence  we  See, 
that  cold  unfits  water  to  diffolve  alcohol,  and  the  Salt  of  vinegar:  and  it  is 
probable,  that  the  utmoft  poflible  cold  in  nature  would  deprive  water  of  all 
its  diffolving  power.  (7.)  Hence  we  fee,  that  the  particular  power  of  \yater 
to  diffolve  Salts  and  other  bodies,  fo  as  to  unite  them  with  itfelf,  does  not 
depend  upon  the  water  alone  •*  but  requires  the  affiftance  of  fire  to  render 
the  folution  perfect.  (&.)  Thefe  difcoveries  being  applied  to  the  animal 
juices,  efpecially  to  thofe  of  men,  haye  a  great  and  extraordinary  ufe  *,  as 
water  is  the  principal  and  moft  copious,  of  all  the  liquors  contained  in  the 
healthy  human  body  fo  that  in.  this,  the.  other  principles  of  all  the  animal 
fluids  are  diffolv’d,  mix’d,  held  together*,  and  kept  fluid.  As  this  water, 
therefore,  is  fo  liable  to  changes  from  heat  and  cold,  it  may  wonderfully 
change  the  juices.  Thus*  how  greatly  is  blood,  drawn  out  of  the  veins, 
changed  by  cold  from  what  it  was  in  the  body  l  And  the  urine  of  a  healthy 
perfon  in  a  cold  feafon,  Soon  depofites  a  grofs  Sediment ;  which  may  again 
be  taken  up,  by  warming  the  containing  veffel,  So  as  to  render  the  whole 
like  what  it  was  before:  hence  we  may  learn  what  great  changes  are  pro¬ 
ducible  in  the  body,  from  the  changes  which  water  undergoes  by  heat  and 
cold.  From  the.  premifes,  one  might  be  tempted  to  fay,  that  the  folvent 
power  of  water  almoft  always  increafes  in  proportion  to  the  heat  applied, 
up  to  the  degree  of  boiling. 
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5.  But  it  is  dangerous  to  pleafe  the  mind  with  general  truths  in  phyfics,  735* /aowr  «/* 
or  to  extend  our  confequences  beyond  experiments.  Thus  in  the  prefent  cafe  ^re  in 
there  are  numerous  experiments,  which  would  perfuade  one  that  the  folvent 

power  of  water  decreafes,  as  the  degrees  of  heat  increafe  :  for  example,  if 
balls  be  formed  of  flower,  mix’d  into  a  pafte  with  water,  they  will  dilute 
and  refolve  with  cold,  or  warm  water,  but  grow  hard,  without  diffolving,  in 
boiling  water.  So  the  white  of  eggs  mixes  intimately  with  warm  water, 
but  coagulates  and  hardens  by  boiling  therein:  and  this  hardening  begins 
with  a  certain  degree  of  heat,  and  grows  greater,  as  the  heat  grows  ftronger; 
tho*  till  this  certain  degree  be  arriv’d  at,  the  increafing  heat  ferves  to  dilute 
the  fubjeCt  the  better.  Underftand  the  fame  of  blood,  &c. 

6.  Hence  we  fhould  range  into  dalles,  thofe  bodies  which  are  always  dif- 

folv’d  by  water,  in  all  the  degrees  of  heat;  for  example,  (i.)  All  the 
known  neutral  fait? ;  as,  fal-gem,  fea-falt, nitre,  fal- ammoniac,  &c.  (2.)  All 
the  known  pure  volatile  alcaline  falts,  obtain’d  from  animals  or  vegetables, 
by  putrefaction  or  diftillation.  (3.)  All  the  fix’d  alcaline  falts  obtain’d  from 
vegetables  by  calcination.  (4.J  All  kind  of  acids  naturally  found  in  vege¬ 
tables,  and  in  all  the  acid  falts  ;  all  kinds  of  native,  foffil  acid  falts  ;  with 
all  the  vegetable  acid  juices,  which  afford  a  fpirit,  or  vinegar,  by  fermen¬ 
tation  :  then  again,  the  acids  obtain’d  from  woods  by  diftillation,  whether 
oak,  guaiacum,  faflafras,  &V.  diftill’d  vinegars,  oleum  fulphuris  per  campanamy 
oil  of  vitriol,  fpirit  of  alum,  fpirit  of  nitre,  fpirit  of  fea-falt,  &c.  (5.)  Ar¬ 

tificial  compound  falts,  by  the  combination  of  acids  and  alcalies,  fo  as  to  ren¬ 
der  them  neutral;  all  which,  eafily  diffolve  in  water;  but  tartar  of  vi¬ 
triol  with  the  greateft  difficulty.  (6.)  Salts  of  the  borax  kind  ;  which  alfo 
difficultly  diffolve  in  water,  and  require  the  affiftance  of  fire,  for  a  confi- 
derable  time.  (7.)  The  native  falts  of  plants,  artificially  procured  from  ve¬ 
getable  juices  by  depuration  and  cryftallization;  which  eafily  diflolve  in  water, 
and  even  run  fpontaneoufly  in  the  air.  (8.)  The  vegetable  falts  arifing  after 
fermentation,  and  called  by  the  name  of  tartar  ;  which  difficultly  diffolve  in 
water,  and  require  a  ftrong  heat.  It  is  remarkable  of  this  tartar,  that  it 
does  not  diffolve  in  wine  ;  and  requires  twenty  times  its  own  quantity  of 
water  to  diffolve  it  by  boiling :  and  if  the  proportion  of  water  be  lefs,  or 
the  boiling  heat  begins  to  flacken,  it  prefently  fhoots  from  the  water  in 
little  cryftals.  All  the  other  falts,  except  borax,  nitre,  tartar,  and  tartar 
of  vitriol,  not  only  diffolve  in  water,  but  even  by  attracting  the  moifture  of 
the  air:  pure  acid  falts  do  this  readily,  fo  do  the  fix’d  alcaline  and  volatile 
ones.  It  is  difficult  to  obtain  pure  acids  in  a  dry  form,  and  not  without 
the  higheft  degree  of  cold  ;  but  fix’d  alcali,  taken  in  a  melted  ftate  from 
the  fire,  prefently  attracts  the  moifture  of  the  air,  as  foon  as  the  heat  is  a 
little  diminifhied  :  whence  it  is  plain,  that  thefe  falts  have  a  latent  power  of  at¬ 
tracting  moifture ;  and  confequently,  that  water  exerts  two  diftinCt  actions 
in  diffolving  thefe  falts;  the  one  attractive,  and  the  other  folutive ;  both 
which  together,  conftitute  the  power  of  an  aqueous  menftruum.  We  muft  alfo 
obferve  that  there  are  fome  falts  highly  attractive  of  water,  and  which  upon 
their  combination  turn  into  a  third  fubftance,  not  eafily  diffolvable  in  water: 
thus,  oil  of  vitriol  attracts  water  ftrongly,  and  fix’d  alcali  with  difficulty  lets 
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go  the  water  it  had  attracted ;  but,  if  the  oil  of  vitriol  and  fix’d  alcali  be 
mixed  in  fuch  a  proportion,  as  to  form  a  neutral  fait,  this  fait  will  not  eafily' 
diffolve  in  water :  and  there  are  other  examples  hereof,  in  the  making  of 
compound  falts,  tho’  fcarce  any  in  fo  high  a  degree.  And  all  thefe  falts 
require  a  certain-  proportion  of  water  to  diffolve  them  totally.  But,  when 
water  is  faturated  with  one  fait,  it  will  ftill  diffolve  another,  without  in- 
creafing  the  degree  of  heat :  thus,  a  faturated  folution  of  nitre  will  diffolve 
a  confiderable  proportion  of  fea-falt ;  and  the  faturated  folution  of  thefe 
two,  will  ftill  diftolve  a  proportion  of  fal- ammoniac. 

6.  In  the  next  place,  water,  as  a  menftruum,  diffolves  all  thofe  bodies- 
which  are  called  faline,  and  contain  fome  of  the  above-mentioned  falts,  as  a~ 
principal  part  in  their  compofition,  mixt  in  among  other  parts  which  of  them— 
felves  are  neither  falts  nor  faline  bodies,,  but  of  another  fpecies.  .Under  this 
clafs  we  reckon,  (i.)  the  native  foaps  of  vegetables  ;  for  fuch  are  all  the  ripe 
juices  of  fummer- fruits,  being  a  mixture  of  water,  oil,  fait,  and  fpiritj  and  diffol— 
ving  in  pure  water for  a  farther  account  whereof,  we  refer  back  to  the 
chapter  of  vegetables.  (2.)  Certain  particular  concreted  juices,  differing 
from  the  former,  lodg’d  and  perfected  in  a  particular  part  of  the  plant ;  as- 
the  pulp  of  caflia,* manna,  honey,  fugar,  &V.  Thefe  indeed  might  be  ranged 
under  the  firft  clafs,  tho*  they  differ  from  them  in  the  particulars  here  men¬ 
tioned,  and  alfo  as  containing  lefs  water  y  they  are  however  foaps,  contain¬ 
ing  a  copious  oil,  mix’d  in  with  fait,  fo  as  perfectly  to  diffolve  in  water 
without  excepting  even  gums  themfelves.  (3.)  The  more  fluid  juices  of  ve¬ 
getables,  circulating  thro’  the  veffels,  and  whole  ftru&ure  of  the  plant ;  as 
the  liquors  afforded  by  the  vine,  the  walnut,  and  the  birch-tree,  tapp’d  in 
the  fpring.  All  the  liquors  of  this  kind,  though  differing  in  different  plants,, . 
are  vegetable  foaps,  diluted  in  a  large  proportion  of  water ;  and  thence  ren¬ 
der’d  extremely  capable  of  being  farther  diffolved  by  more.  (4.)  All  the 
known  animal  juices,  except  fat,  eafily  diffolve  in  water,  tho*  none  more 
eafily  than  perfect  bile  •,  as  I  learnt  by  taking  it  frefh  from  the  bodies  of  ani¬ 
mals,  and  endeavouring  to  infpiftate  it  with  a  gentle  fire,  fo  as  to  form  pills 
thereof,  for  medicinal  ufe,  and  to  keep  it  long  in  an  unaltered  ftate  :  but  I 
found  the  mafs,  thus  obtained,  diffolve  fpontaneoufly  in  the  air.  (5.)  All 
the  foaps  made  of  exprefs’d  vegetable  oil,  and  fix’d  vegetable  alkali,  mix’d, 
by  means  of  boiling  water,  with  the  fiery  part  of  quick-lime,  and  brought, 
by  boiling,  into  a  hard  mafs.  To  thefe  may  be  added  all  the  foaps  prepared 
from  diftill’d  vegetable  oils,  united  with  the  fharpeft,  drieft,  fiery  alkali, 
heated  and  ftrengthen’d  by  quick-lime  ;  and  thus  prepared  to  receive  the  oil, 
by  pouring  it  thereon,  and  expofing  the  whole  to  the  open  air,  at  fome  depth 
under  ground.  To  thefe  we  alfo  add  thofe  other  excellent  foaps,  obtain’d 
by  a  lefs  known  means,  by  mixing  pure  diftill’d  oils  with  a  pure  volatile 
alkaline  fait,  without  the  interpofition  of  any  foreign  water,  and  barely  by  a 
flow,  careful,  repeated  fublimation  *,  whence  admirable  remedies  are  procu¬ 
rable.  But  the  moftfubtile  foaps  of  all  are  obtain’d  by  uniting  the  pureft  al  ¬ 
cohol  with  the  pureft  volatile  alkaline  fait  ;  which,  by  a  proper  treatment, 
produce  an  exceeding  volatile,  faline,  fulphureous  and  faponaceous  fubftance, 
in  the  form  of  fnow,  vulgarly  call’d  the  offa  Helmontiana  j  and  by  Lully  Spi¬ 
rit 
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ritofwine,  quickned  with  fal- ammoniac.  We  may  ftill  add  another  foap,  pre¬ 
pared  by  perfectly  uniting  fait  of  tartar  with  alcohol,  by  a  fecret  treatment. 
In  all  thefe  foaps,  chemiftry  is  perpetually  difcovering  the  moft  efficacious 
menftruums,  and  phyfic  the  fafeft  remedies.  It  is  here  remarkable,  that 
tho*  oils  alone  will  not  unite  with  water ;  yet,  when  join’d  with  the  falts, 
they  prefently  diftolve  therein,  whilft  the  falts  alone  are  attra&ive  both  of 
water  and  oil :  whence  we  learn  the  methods  of  diftolving  oils  in  pure  wa¬ 
ter.  (6.)  Under  this  faline  clafs  of  bodies,  capable  of  diftolving  in  water,- 
w-e  range  vitriols,  made  by  diftolving  metals  by  means  of  falts,,  efpecially 
the  acid  kind  ;  for,  thefe  diffolve  totally  in  water,  whilft  they  retain  the  true 
vifriolic  form.  Thus  the  vitriols  of  gold,  filver,  lead,  mercury,  iron,  cop¬ 
per,  and  tin,  brought  into  magifteries,  falts,  or  vitriols,  by  proper  acid 
menftruums,  and  fuch  a  proportion  of  water  as  gives  them  a  tranfparent 
cryftalline  form,  are  diftolvable  in  water  ;  and  this  the  eafier,  the  larger 
proportion  of  the  acid  menftruum  was  ufed  in  making  the  vitriol :  but  when 
the  water  is  exhal’d  from  thefe  vitriols  by  a  gentle  heat,  fo  as  to  render  their 
cryftals  opake,  the  metallic  parts  are  thereby  lefs  difpofed  to  diftolve  in  wa¬ 
ter  ;  and,  if  highly  dried,  they  will  not  diftolve  at  all:  tho’  they  ftill  retain 
much  of  the  acid  folvcnt.  Thus,  if  an  ounce  of  quickfilver,  which  is  ab- 
folutely  undiflolvable  in  water,  be  diflblv’d  in  an  ounce  of  fpirit  of  nitre,-, 
and  the  folution  be  a  little  infpiftated,  this  liquor  may  be  diluted,  in  any  pro¬ 
portion,  with  fair  water  *,  and  if  the  folution  of  quickfilver  in  fpirit  of  nii 
tre,  be  fufFered  to  ftand  in  a  quiet  place,  white,  and  fomewhat  tranfparent, 
cauftic  cryftals  will  ftioot  at  the  bottom,  capable  of  diftolving  readily,  and'. 
totally,  in  pure  water;  which  cryftals,  being  dried  to  a  white,  yellow,  red  or 
purple  powder,  will  not  totally  diftolve  in  water.  Whence  we  fee,  that 
water  only  diftolves  metals,  on  account  of  the  acid  adhering  to  the  furfaces- 
of  their  particles  ;  and  therefore  quits  the  metals  fo  diflolved,  as  foon  as 
the  acid  is  remov’d.  Thus  we  fee,  that  metals  firft  diftolv’d  in  acids, 
then  largely  diluted  with  water,  become  potable,  fo  as  to  be  receiv’d 
into  the  body,  mix  with  the  fluids,  adt  upon  the  folids,  and  produce 
their  peculiar  effedts,  which  are  often  very  confiderable ;  as  an  acid 
and  a  metal  united  adt  with  ftrength  upon  the  body  ;  tho’  this  power 
lafts  no  longer,  than  whilft  they  remain  diflolved  ;  and  their  folution  de¬ 
pending  chiefly  upon  the  acid,  if  that  be  taken  away,  the  metal  remains  no 
longer  potable,  or  fit  to  mix  with  the  juices,  but  turns  to  a  calx.  Whence 
we  may  underftand  the  caufe  of  the  efficacy  of  a  vitriolic  folution  ;  which 
efficacy  remains  only  fo  long,  as  the  diftolving  fait  and  the  diflolved  metal; 
remain  diluted  together,  in  a  large  proportion  of  water*,  but  when,  by  the 
weaknefs  or  inadlivity  of  the  diftolving  fait,  the  folution  drops  its  ochre,  the 
liquor  becomes  inefficacious. 

7.  What  is  here  faid  of  the  adlion  of  ah  acid,  with  refpedl  to  water,  holds 
true  alfo  of  thofe  metals  which  are  diflolved  by  alkaline  falts:  thus  copper, 
diflolved  in  ftrong  fpirit  of  fal-ammoniac,  fo  as  to  afford  a  fine  blue  tindture  ; 
if  this  tindture  be  depriv’d  of  its  fait,  it  is  thereby  greatly  chang’d,  and  lets; 
fall  a  dufkv  powder.  The  fame  holds  alfo  of  metallic  folutions,  made  with 
compound  falts :  thus  fal-ammoniac,  or  feaTaIt,.may  diftolve  metals  in  a  certain 
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manner,  fo  that  they  may  be  diluted  with  water,  and  thus  produce  great  ef- 
fedls  upon  the  body  •,  whilft  their  adtion  depends  chiefly  upon  their  being  dif- 
folvable  in  water.  And  yet  this  does  not  hold  of  ail  metals;  for  tho*  butter  of  an¬ 
timony,  (or  a  folution  of  the  regulus  of  antimony,  made  by  the  ftrong  fpi- 
rit  of  fea-falt,  contain’d  in  the  mercury-fublimate)  be  highly  acid ;  yet  in- 
ftead  of  diluting  with  water,  it  immediately,  upon  the  affufion  thereof,  lets 
fall  the  antimony  in  a  white  calx  ;  which  being  fufed  by  a  ftrong  fire,  af¬ 
fords  a  fine  regulus  of  antimony,  noways  capable  of  diffolving  in  water. 

8.  If  pure  earthy  bodies  be  firft  difiolv’d  in  acids,  they  may  afterwards 
be  perfectly  diluted  with  water,  fo  as  to  leave  the  whole  body  of  the  liquor 
limpid;  .and  in  this  form  they  may  alfo  produce  their-  own  effe&s.  Thus, 
chalk,  diffolv’d  in  a  large  proportion  of  acids,  may  be  diluted  with  any 
proportion  of  water:  and  I  fcarce  know  any  earth  but  may  be  thus  diflolved 
by  fome  acid  or  other,  fo  as  to  efcape  the  cognizance  of  the  fenfes. 
Whence  we  fee,  how  unfafe  it  is  to  infer,  that  a  liquor  is  free  from  earth,  be- 
caufe  it  appears  pellucid  :  even  the  true  ultimate  earth,  obtain’d  from  the 
bones,  &c.  of  animals,  may  be  thus  diflolv’d  in  acids,  and  then  in  water  ; 
tho’  it  be  ftill  recoverable,  afterwards,  by  various  means. 

9.  But  tho’  earthy  bodies  may  thus  be  diflolved  in  water,  alkalies  cannot, 
when  intimately  united  with  earth,  be  afterwards  diluted  with  water  ;  as 
plainly  appears  in  glafs,  which  confifts  of  an  alkali  and  an  earth,  intimately 
united,  and  is  lefs  foluble  in  water  the  clofer  the  union  :  fo  great  is  the 
difference  between  the  folution  of  earth,  by  one  kind  of  fait  and  another. 
Alkalies,  we  fee,  fubtily  diflblve  earth  into  a  fix’d,  tranfparent,  hard  body, 
which  .refills  the  diffolving  power  of  water,  more  than  any  other  body  :  but 
it  appears  ftranger  ftill,  that  the  fubtile,  volatile,  alkaline  falts  of  animals,  in¬ 
timately  united  with  earth,  fhould  form  a  mafs undilfolvable  in  boiling  water: 
for,  the  ftones  generated  in  animals,  I  take  to  confift  of  thefe  two  prin¬ 
ciples  and  oil;  and  in  whatever  part  of  the  body  fuch  ftones  are  generated,  they 
commonly  produce  terrible  effeds;  as  having  a  power  of  attracting  and  join¬ 
ing  to  themfelves  a  fimilar  matter,  from  fuch  animal  juices  as  approach  near- 
eft  to  putrefaction  ;  viz.  the  bile  and  urine  :  which  containing  falts  nearly  al¬ 
kaline,  thefe  falts  unite  to  themfelves  the  fine  earth,  wore  off  from  the  parts 
of  the  body  ;  and  thus  lay  the  foundations  of  new  ftones,  or  enlarge  the  old 
ones  :  and  hence  the  daily  increafe  of  thismonftrous  produ&ion,  that  brings 
on  terrible  diforders. 

10.  Hence  we  may  perhaps  deduce  the  reafon,  why  the  author  of  nature 
has  made  nearly  all  the  aliments  of  animals  incline  to  acidity  ;  for,  the  acid 
falts,  on  this  account,  predominating  in  the  ftomach,  eafier  difpofe  fuch  ali¬ 
ments  to  diflblve,  whofe  firmer  parts  cohere  principally  by  means  of  earth  ^ 
whence  they  would  otherwife  much  more  difficultly  be  diffolv’d  into  fluid 
chyle.  But  when  afterwards  a  matter  is  to  be  form’d  of  this  chyle,  fit  to 
bind  the  ftdids  together,  the  tendency  to  acidity,  which  wasneceflary  in  the 
chyle,  is  changed,  and  an  alkaline  tendency  of  the  falts  introduced  ;  which, 
by  binding  the  earthy  particles,  forms  a  ftrucfture  indiffoluble  in  water,  and 
fit  to  refill  the  adlion  of  the  fluids.  At  leaft,  we  know  that  bones  remain  fo- 
lid  and  firm,  if  fteep’d  in  alkalies  ;  but  grow  foft  and  flexible,  if  detain’d  in 
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acids:  as  the  ingenious  Mr.  Ruyjh  has  often  allured  me,  he  found  in  his  ana¬ 
tomical  experiments.  And,  doubtlefs,  when  the  power  of  changing  acef- 
cents  into  alkalies  is  wanting  in  the  body,  the  bones,  cartilages,  teeth,  and 
ligaments,  become  foft,  weak,  loofe,  and  flexible;  as  we  daily  fee  in  the 
rickets.  Hence,  phyficians  and  furgeons  fnould  be  cautious,  how  they  ap¬ 
ply  ftrong  acids  to  the  bones  and  teeth  •,  fuch  acids,  ufed  in  the  way  of  den- 
trifice,  with  defign  to  render  the  teeth  white  and  glofly,  may  foon  render 
the  perfon  melancholy,  nervous  or  paralytic :  it  is  doubtlefs  much  better 
to  ufe,  for  this  purpofe,  the  milder  fix’d  alkalies,  or  alkaline  folutions  well 
diluted  with  water';  whereby  the  earthy  part  of  the  teeth  will  remain  un¬ 
hurt. 

ii.  Thefe  fulphurs  do  not  of  themfelves  diflolve  in  water,  but  readily  Sulphurs  uni- 
unite  therewith  after  being  intimately  mixed  with  alkalies  :  whence  we  may  ted  with  al- 
eafily  underftand  the  medicinal  virtues  of  the  fulphureous  mineral  waters.  ^tes% 
Volatile  alkaline  falts  will  alfo  diflolve  fulphurs,  and  render  them  mifcible 
with  water  fo  that  we  fee,  water,  by  the  afliftance  of  alkalies,  becomes  an 
excellent  folvent  of  fulphurs.  And  as  this  is  applicable  even  to  the  fulphurs 
which  lie^concealed  in  metals  and  femi-metals  ;  hence  we  have  away  of  ma- 
nifefting  and  producing  to  view  fuch ‘fulphurs,  as  before  lay  hid  ;  by  which 
means,  flight  produ&ions  have  been  fold  at  high  prices,  as  great  fecrets,  to 
unlkilful  purchafers:  and  thus  even  princes  themfelves  have  been  often  im- 
pofed  upon.  I  have  feen  a  liquor,  prepared  from  antimony,  fold  under  the 
fpecious  title  of  a  Panacea  ;  a  few  drops  whereof,  taken  in  wine,  were  faid  to 
cure  difeafes  fpeedily,  without  any  fenfible  effect ;  and  indeed  they  did  fer- 
vice  in’  fome  diflempers  :  but- fecrets,-  once  difcovered,  are  apt  to  be  defpi- 
fed,  when  they  are  to  be  had  cheap,  without  the  difguife  of  a  my  fiery. 

Thus,  upon  examination,  I  eafily  difcovered  this  liquor  was  prepared  from 
taking  levigated  antimony,  by  putting  twice  its  quantity  of  oleum  tartari  per 
deliquium  thereto,  and  digefling  them  in  a  fand-heat  together  ;  whereby  the 
liquid  alkali,  difiolving  in  the  fulphur  of  the  antimony,  thus  extraifts  a  red 
tincture,  of  a  fiery  tafte,  and  an  alkaline,  heating,,  aperitive,  diuretic,  and 
diaphoretic  virtue.  But,  to  fay  the  truth,  as  good  a  medicine  may  prefently  be 
procured  by  boiling  common  fulphur  in  an  alkaline  lixivium  :  as  the  fulphur 
of  antimony  does  not  differ  from  common  brimflone  ;  and  as  the  alkali  does  • 
not  diflolve  the  metallic  part  of  the  antimony.  In  like  manner,  by  di- 
gefting  powdered  antimony  with  the  alkaline  fpirit  of  fal-ammoniac,  a  golden 
fulphureous  tindlure  may  be  obtained  ;  and  as  good  an  one  from  common  ful¬ 
phur,  as  Mr.  Boyle  has  fhewn.  But  there  is  no  end  of  deceit  and  impofition 
in  this  way  ;  people  delighting  in  being  deceived,  and  fome  of  the  rich,  in 
thus  throwing  away  their  money  ;  w-hilfl  there  is  no  end  to  the  avarice  and 
boafting  of  the  pretenders  to  fecrets  in  phyfic. 

12.  Such  bodies  alfo,  as  confiil  of  a  glutinous,  vifcous,  or  hard  fubflance, 
and  therefore  remain  untouched  by  water,  may  yet  be  rendered  perfectly  fo- 
luble  therein  ;  by  firft  uniting  them  intimately  with  fixed  or  volatile  alkalies. 

Thus  we  find  putrefied  urine,  fait  of  tartar,  foap,  gall,  honey,  fugar,  yolk 
of  eggs,  being  mixed  with  thefe  tenacious  bodies^  render  them  commodi- 
oufly  dilfolvable  in  water;  which  hence  generally  acquires  adetcrging,  cleaning 

power,  • 


5*® 


Aqueous  Sol¬ 


vents. 


7 he  Theory  of  Chemist  r  y. 

power.  Oils,  balfams,  rofins,  gums,  &c.  by  this  treatment,  become  mi-f¬ 
oible  with  water.  And  thus  I  have  explained  the  principal  effeds  of  water,  as 
a  folvent  upon  all  the  kinds  of  bodies  fuited  thereto  ; '  and  .to  which  all  others 
may  be  referred. 

13.  Having  explained  the  difiolving  power  of  water,  we  need  not  be 
large  upon  aqueous  menftruums,  which  would  lead  us  to  a  repetition 
of  what  is  above  related  •,  I  fhall  here  therefore  only  add  a  few  remarkable 
particulars  :  and,  (1.)  Hail,  collected  in  the  fummer-time,  after  a  feries  of 
hot  weather,  and  thunder  confequent  thereon,  being  kept  in  clean  veffels, 
has  a  different  effed  from  all  other  water  •,  perhaps  on  account  of  being  purer, 
carried  higher  into  the  atmofphere,  and  froze  there  beforeit  fell  lower.  (2.)  Next 
to  this  in  purity,  we  reckon  fnow- water,  colleded  in  a  cold  winter,  inaftillair, 
and  a  high  fandy  defart  place,  and  from  the  upper  part  of  a  deep  drift.  ( 3.)  Dew 
being  a  mixture  of  aqueous,,  fpirituous,  faline  and  unduous  vapours,  and  of  all 
forts  of  dry  exhalations,  differs  greatly  from  all  other  aqueous  menftruums  ; 
fo  that  the  effeds  of  dew  can  fcarce  be  determined,  or  brought  tinder  one 
clafs.  Whence  it  is  no  wonder,  that  many  have  thought  the  matter  of  the 
.univerfal  fait  was  concealed  therein  i  and  that  a  faline  fubftance,  which  they 
call  the  congealed  fpirit  of  the  univerfe,  might  be  extraded  from  it.  But  it 
is  time  to  proceed  to  the  other  kind  of  menftruums  ;  only  firft  obferving, 
that  water  floating  in  the  air,  may  often  ad  as  a  menftruum,  and  the  adion 
Jbe  falfely  afcribed  to  the  power  of  the  air. 


sect.  IV. 


Of  Oils,  and  Oily  Menstruum  s. 


Oils. 


i.  j^XIL,  confidered  as  a  menftruum,  is  a  fluid  juice,  (or  capable  of  being 
rendered  fluid  with  a  fmall  degree  of  heat)  unduous,  burning  in  the 
fire,  and  immifcible  with  water.  Alcohol  is  excluded  from  the  clafs  of  oils, 
by  its  being  eafily  mifcible  with  water;  whilft  in  other  properties  it  has  a  per- 
fed  refemblance  to  them.  All  the  oils  we  know  are  either  native,  as  they 
exift  in  bodies,  or  are  obtain'd  from  them  by  art,  efpecially  by  chemilfry  ; 
which  always  alters  their  nature ;  and  every  one  muft  make  this  difference, 
gs  we  find  it  real  from  the  difference  of  their  efficacy  in  the  way  of  folvents. 
Native  oils  therefore  are  every  where  found  in  foflils,  vegetables,  and  ani¬ 
mals  ;  and  thefe  oils  are  changed  by  art,  upon  boiling  unduous  bodies  in 
water,  fo  as  to  melt  the  fat,  and  extrad  it  from  its  lodgment:  whence,  by 
its  lightnefs,  it  floats  upon  the  furface  of  the  water,  and  may  be  fkimmed  off 
without  much  changing  its  nature.  Another  way  of  obtaining  it  is  by  ex- 
preflion;  when,  the  oily  fubjed  being  bruifed,  it  is  fqueezed  betwixt  iron- 
plates  in  a  ftrong  prefs,  and  the  oil  forced  out.  Whence,  if  too  much  heat 
be  not  ufed  in  the  preffing,  the  oil  here  alfo  is  but  little  changed.  Some¬ 
times  a  clofe  fire  is  ufed  for  the  purpofe  ;  fo  as  to  fcorch  the  oily  fub¬ 
jed,  and  melt  the  oil  away  from  it ;  as  in  the  obtaining  of  pitch  and  tar, 
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from  the  loppings  of  fir,  &c.  Laftly,  oils  are  obtained  by  diftillation  in  the 
alembic,  with  water,  per  afcenfum  ;  and  by  the  retort,  or  per  defcenfum , 

'when  the  fire  is  placed  above  the  fubjetft. 

2.  It  is  remarkable  of  thefe  diftilled  oils,  that  fcarce  any  of  them  congeal,  Notconm 
but  remain  fluid  in  the  greateft  natural  cold  ;  whereas  mod  of  the  oils  ting. 

by  expreflion  congeal,  with  ftrong  cold,  into  a  mafs,  confifting  of  little 
globules  united;  as  we  fee  in  oil-olive,  rape-oil,  &c.  Whilft  others  of 
them,  as  linfeed-oil,  do  not  freeze  in  the  keeneft  froft.  I  have  frequent¬ 
ly  confidered  this  remarkable  difference  in  oils,  without  being  able  to  difco- 
ver  whereon  it  depends.  Their  diflolving  power  is  not  exerted,  unlefs  they 
be  in  a  fluid  form  ;  and  as  fome  of  them  freeze  fooner  than  water,  their  dif- 
folving  power  is  lets  durable,  with  refpedl  to  cold,  than  that  of  water ;  but 
thofe  which  remain  fluid  in  all  the  degrees  of  natural  cold,  conflantly  re¬ 
tain  and  preferve  their  power  of  diflolving.  Whence  it  appears  not  eafy  to 
fix  a  common  point  of  heat  in  nature,  at  which  the  diflolving  power  of  oils 
begins  ;  tho*  it  may  be  nearly  limited  in  any  one  fpecies  of  oil,  after  it  is 
once  accurately  obferved.  And  here  it  may  appear  furprizing,  that  though 
linfeed-oil  remains  fluid  in  the  fevereft  froft ;  yet,  upon  examination,  it  is 
then  no  hotter  than  ice,  or  any  other  congealed  oil. 

3.  When  oil  is  heated  by  a  gradual,  well-regulated  fire,  it  does  not  boil  mc/^ 
with  212  degrees  of  heat,  as  water  does;  but  grows  conflantly  hotter  by  th  z  fire. 
fame  fire  without  boiling,  till  the  heat  rifes  to  600  degrees :  whence  we  fee 

why  boiling  oil  is  fo  much  hotter,  and  more  fcalding,  than  boiling  water. 

But  all  oils  do  not  boil  with  the  fame  heat ;  the  lighteft  and  moft  fubtil  boil 
the  fooneft,  and  with  the  leaft  heat :  whereas  others  boil  flower,  and  receive 
more  fire  before  they  will  boil.  Thus,  re&ified  oil  of  turpentine  boils  foon, 
but  oil  of  linfeed  late.  Where  we  fee  the  difficulty  there  is  to  determine 
the  diflolving  power  of  oil ;  becaufe  in  linfeed-oil,  for  example,  this  power 
begins  with  the  greateft  degree  of  natural  cold,  from  whence  it  increafes  up 
to  600  degrees,  and  in  each  degree  of  increafe  conflantly  acquires  a  new 
power  of  ading  ;  whether  it  be  upon  the  fame  body  in  different  degrees  of 
heat,  or  upon  different  bodies,  in  the  fame  or  different  degrees :  in  both 
which  refpeds  the  fcale  is  infinite. 

4.  Toilluftrate  this,  take  three  equal  phials,  of  the  fame  figure  and  height,  Sbenmbyex* 
fill  one  with  alcohol,  the  fecond  with  oil  of  turpentine,  and  the  third  with  periments. 
oil-olive  ;  put  them  into  a  copper  of  pure  rain-water,  along  with  Fahren¬ 
heit's  mercurial  thermometer  ;  then  lighting  the  fire,  and  keeping  the  water 
ftirring,  that  it  may  heat  equably;  when  the  water  comes  to  be  a  hundred 

feventy  five  degrees  hot,  the  alcohol  will  boil  ft rongly  :  this  phial  therefore 
being  taken  out,  and  the  water  being  farther  heated  to  213  degrees  ;  this  al- 
fo  will  boil,  and  the  mercury  in  the  thermometer  expand  no  more,  how 
ftrong  foever  the  fire  be  made.  At  the  fame  time,  neither  the  oil  of  turpen¬ 
tine,  nor  the  oil-olive  will  boil  at  all.  Whence  we  perceive  this  remarkable 
difference,  that  alcohol,  tho’  it  be  an  attenuated,  inflammable  oil,  boils  much 
fooner  than  water;  and  that  oil  of  turpentine,  though  much  lighter  than  wa¬ 
ter,  and  confiderably  thin  and  inflammable,  does  not  boil  when  the  water 
does  ;  any  more  than  oil-olive.  Whence  neither  inflammability,  nor  levi- 
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ty,  nor  volatility,  is  here  the  caufe  ;  fince  oil  of  turpentine  is  fo  volatile,  as 
to  rife  with  boiling  water  in  diftillation, 

5.  Again,  the  apparatus  being  the  fame,  only  a  brine  of  fea-falt,  made' 
as  ftrong  as  poffible  by  boiling,  being  ufed  inftead  of  the  water  ;  you  will 
find,  that  when  the  thermometer  ftands  at  175,  the  alcohol  again  will 
boil  •,  when  the  thermometer  rifes  to  218  degrees,  the  brine  will  boil;  but 
the  thermometer  will  now  rife  gradually  ;  becaufe,  by  the  ftrong  boiling  of 
the  brine,  water  is  difcharged,  and  the  liquor  made  ftronger  ;  but  ftill  the  oil 
of  turpentine,  and  oil-olive,  will  fhew  no  fign  of  boiling. 

6.  The  following  experiment  fhould  be  made  with  care.  Fill  two  thirds 
of  a  fmall  long-necked  phial,  of  an  equal  thicknefs,  with  oil  of  turpentine  ; 
heat  the  whole  glafs  gently,  to  prevent  its  cracking  ;  then  fet  it  over  a  clear 
foft  fire,  to  be  increafed  by  degrees ;  it  will  thus  be  long  before  the  oil  comes 
to  boil ;  but  at  length  it  will  boil  ftrongly  with  a  great  crackling,  and  conti¬ 
nue  boiling  thus  violently,  long  after  it  is  removed  from  the  fire  ;  whereas  al¬ 
cohol  ceafes  to  boil,  as  foon  as  the  containing  phial  is  taken  from  the  fire  ;; 
and  fo  does  water  prefently  after.  To  difcoverthe  degree  of  heat  in  this  oil 
before  it  boil,  put  fome  linfeed-oil  into  a  copper- veffel,  and  fet  it  upon  a  na¬ 
ked  fire  ;  place  a  mercurial  thermometer  therein,  along  with  the  phial  of  oil  of 
turpentine  ;  which  will  be  found  to  boil  much  fooner  than  the  linfeed-oil  ; 
whilft  the  thermometer  ftiews  the  degree  of  heat.  But  as  thefe  oils,  by  boik 
ing,  throw  off  their  more  volatile  parts,  and  leave  the  remainder  thicker, 
they  now  require  more  heat,  every  moment,  to  keep  them  boiling.  Whence 
phyficians  need  not  wonder,  that  thefe  oils,  rendered  thick  by  boiling,  heat 
the  body  fo  violently  ;  which  I  take  to  be  an  ufeful  obfervation. 

7.  In  the  fame  manner,  if  a  glafs-phial  of  frelh-drawn  oil  of  almonds  be 
fet  upon  a  naked  fire,  and  continued  there,  fo  as  not  to  melt  the  glafs  ;  this 
oil  will  then  boil  with  a  quiet  equable  motion,  in  a  heat  of  above  600  degrees* 

8.  Having  thus  feen  that  oil  will  receive  almoft  thrice  as  much  fire  as  water, 
we  may  hence  eafily  underftand  that  the  diffolving  power  of  oil,  which  power 
in  menftruums  depends  upon  fire,  muft  be  much  greater  in  oil  than  in  water : 
for,  fince  many  oils  remain  fluid  in  thefirft  degree  of  the  thermometer,  where¬ 
as  water  freezes  at  about  the  thirty  third  ;  and  fince  the  fcale  of  heat  in  wa¬ 
ter,  whilft  it  remains  fluid,  is  but  180  degrees,  (its  freezing  point  being  33, 
and  its  boiling  heat  213;)  and  fince  the  fcale  of  heat  in  linfeed-oii  is  at  leaft  up 
to  600 ;  it  follows,  that  the  power  of  heat  in  this  oil,  is  to  the  power  of  heat  in 
water,  as  ten  to  three :  which  could  fcarce  have  been  difcovered  a  priori .  And 
confidering  that  many  oils,  infpiffated  by  boiling,  may  thus  receive  much  more 
fire  ;  hence  the  fcale  of  the  power  of  heat  may  be  ftill  farther  extended  in 
fuch  oils. 

9.  It  is  found,  by  experience,  that  the  bodies  of  animals,  and  all  their 
parts,  as  alfo  of  vegetables,  are  kept  from  diflipating,  fermenting,  putre¬ 
fying,  and  changing,  by  being  carefully  plunged  in  oil  ;  and  this  for  ever  fo 
long  a  time,  even  in  the  hotteft  climate.  Inledts  likewife,  which  are  apt  to 
prey  upon  and  deftroy  bodies,  are  prevented  from  doing  it,  when  covered 
with  oil  ;  as  being  kept  entire,  whilft  they  remain  buried  therein.  And 
after  thefe  bodies  have  remained  covered  with  oil  for  a  proper  feafon,  fo 
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as  to  be  thoroughly  impregnated  therewith,  they  Teem  to  become  almoft  in¬ 
corruptible  i  at  leaft  they  are  capable  of  thus  being  long  preferved  ;  as  appears 
from  carcafles  treated  in  this  manner  :  upon  which  difcovery  the  -art  of 
embalming  principally  depends  j  the  origin  and  efficacy  whereof  is  hence  ma- 
nifeft. 

10.  If  bodies  are  fuddenly  plunged  into  boiling  oil,  they  prefen tly  acquire  The  efftfis  of 
hard  and  almoft  ftony  coat,  of  the  colour  which  ufually  appears  in  bodies  boiling  oil  up- 

fcorched  by  a  naked  fire ;  viz.  yellow,  red,  or  black ;  whilft  the  inner  tn  1  em* 
fubftance,  being  agitated  by  the  great  heat  of  the  boiling  oil,  is  wonderfully 
changed,  digefted,  and  ripened  j  till  at  length  the  whole  is  confolidated, 
and  rendered  durable  for  great  lengths  of  time.  But  when  thefe  bodies  a- 
bound  with  aqueous  juices,  as  in  flefh  or  fiffi,  dried  only  on  the  furface  ;  thefe 
juices,  contained  within  the  external  cruft,  being  thus  more  than  boiled,  be¬ 
come  furprifingly  foft,  rofcid,  digeftible,  and  nutrimental.  And  food,  thus 
treated,  may  be  preferved  for  a  long  time  ;  as  all  the  principles  of  bodies  fo 
prepared,  being  intimately  united,  perfect  one  another,  and  turn  to  a  fub¬ 
ftance  that  is  well  defended  from  the  adtion  of  external  caufes. 

11.  Hence  we  may  draw  fome  unexpected  confequences  i  as,  (l.)  That  Conferences . 
the  degrees  of  heat,  received  by  bodies  from  fire,  are  not  in  proportion  to 
thedenfities  of  the  heated  bodies.  (2).  And  yet,  that  in  the  fame  bodies,  gra¬ 
dually  rendered  more  denfe,  more  fire  may  be  communicated  in  proportion 

to  the  increafe  of  their  denfity.  (3.)  That  the  power  of  receiving  a  greater 
degree  of  heat  does  not  depend  upon  the  bodies  being  combuftible  in  the  fire  t 
thus  alcohol  being  brought  to  boil,  does  not  receive  more  fire,  or  heat ;  tho* 
nothing  in  nature  is  more  combuftible  ;  nor  does  any  known  liquor  receive 
lefs  fire.  Whence  again  we  fee,  it  is  in  vain  to  feek  after  general  properties  in 
chemiftry  ;  but  we  are  to  difcover  the  particular  properties  of  bodies  by  parti¬ 
cular  experiments.  (4J  That  fome  metals  may  be  intimately  diflolved  in 
fome  oils  by  boiling ;  fo  as  thence  to  form  a  mixture  not  eafily  refolved  into 
its  principles  :  and,  by  this  means,  many  noble  difcoveries  have  been  made 
for  mechanical  and  medical  purpofes. 

12.  Thus,  for  example,  put  half  an  ounce  of  red-lead  into  a  long-necked  Ltaddijfofoti 
phial,  and  pour  to  it  an  ounce  and  a  half  of  oil-olive,  and  ffiake  them  well  *# 
together  •,  heat  the  glafs  carefully,  then  fet  it  over  the  fire,  fo  as  almoft  to 
touch  the  coals,  and  bring  the  oil  to  boil  :  upon  which,  the  red-lead  will 
difiolve,  and  mix  and  unite  into  a  mafs  therewith,  when  the  oil  has  acquired 
a  great  degree  of  heat  :  and  thus  a  metallic  balfam,  or  an  excellent  cement 
for  water-works,  may  be  prepared.  The  fame  experiment  will  fucceed,  if 
made  with  granulated  lead;  the  lead  firft  melting  at  the  bottom,  even  before 
the  oil  begins  to  boil,  or  fume.  Whence  we  fee,  that  lead  is  more  eafily 
melted  than  glafs  j  and  that  oil  cannot  be  made  to  difiolve  glafs,  with  any 
degree  of  heat  the  oil  will  receive :  and  hence  we  fee  the  reafon,  why  melted 
lead  fcalds  lefs  than  boiling  oil,  and  may  be  nimbly  handled  •,  if  the  Ikin  be 
firft  rubbed  over  with  dry  chalk.  This  experiment  might  prove  dangerous, 
if  a  drop  of  water  Ihould  fall  into  the  glafs  *,  or  any  aqueous  vapour  arife  from 
the  boiling  oil,  and  fall  back  upon  the  boiling  matter.  The  fame  experi¬ 
ment  alfo  fucceeds  with  tin,  and  a  mixture  of  tin  and  lead  ;  the  folution 
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whereof  together,  is  quicker  performed  than  of  either  alone.  Hence  agaitj, 
we  may  draw  farther  confequences  ;  as,  (1.)  That  oils  receive,  and  long  re¬ 
tain  much  fire  before  they  boil.  (2.)  That  no  fluid  in  nature  receives  more 
fire  than  oil :  for  all  lixiviums,  and  oil  of  vitriol  itfelf,  boil  fooner,  and  prove 
Jefs  hot  upon  boiling  :  even  quickfilver.  it  felf  boils  rather  fooner,  or  nearly 
about  the  fame  time.  (3.)  That  a  great  force  of  fire  muft  a£t  upon  oils,  be¬ 
fore  they  rife  in  vapour.  (4.)  That  oils  communicate  the  fame  force  of  fire 
they  receive,  to  the  veffels  in  which  they  are  boiled  :  whence,  tho*  water 
may  be  boiled  in  veflels  of  tin  or  lead,  yet  oil  cannot.  (5.)  That  the  fame 
force  of  fire,  received  by  the  oils,  is  communicated  to  the  metals  contain¬ 
ed  therein.  (6.)  That  we  cannot  eafily  find  a  way  of  communicating  more 
fire  to  oil  than  by  boiling  it;  for  if  we  would  endeavour  to  make  oil  colledt 
more  fire,  we  muft  find  a  way  of  comprefling  the  oil  in  the  containing  veflel, 
with  a  greater  weight  than  that  of  the  atmofphere  ;  whereby  indeed  heat 
might  be  increafed  in  proportion,  as  we  fhewed  in  the  chapter  of  air  and 
water.  Whence  it  appears  that  oil,  comprefled  by  the  increafed  weight  of 
the  atmofphere,  at  great  depths  in  the  earth,  may  acquire  a  moft  violent 
heat,  if  it  fhould  there  meet  with  a  ftrong  fire  ;  when,  if  water  fhould  hap¬ 
pen  to  touch  the  oil  in  this  ftate,  it  might  occafion  moft  terrible  earthquakes: 
which  may  poflibly  be  one  phyfical  caufe  of  Vulcano’s.  (7.)  Oils,  whilft 
they  remain  fluid,  will  not  permit  more  heat  to  be  communicated  to  the 
containing  veflel  than  to  themfelves  ;  and  therefore  prevent  all  veflels  from 
melting,  which  will  not  fufe  with  lefs  than  600  degrees  of  heat.  (8.)  Hence 
the  author  of  nature  has  fet  a  limit  to  fire  ;  which  limit  checks  its  power 
upon  the  moft  inflammable  matter  we  know. 
pilsaft  by  13.  In  order  to  explain  the  diflolving  power  of  oils,  we  muft  remember, 
means  of  their  that  every  exprefs’d,  crude,  vegetable  oil,  conftantly  contains  water  ;  as  may 
'''ndacid1'*  ea%  aPPear  upon  boiling  exprefled  oil  of  almonds  in  chemical  glafles 
mn  ‘  *  whereby  an  aqueous  vapour  is  raifed,  and  condenfing  in  the  neck  of  the 
veflel,  forms  vifible  drops,  which  falling  back  upon  the  boiling  oil,  occafion, 
great  commotion  and  crackling.  Hence,  oils  acft  in  their  diflolving  ca¬ 
pacity,  by  means  of  this  latent  water,  according  to  the  degree  of  fire  applied 
whilft  the  crackling,  and  commotion,  thus  occafioned  in  the  boiling,  may  in 
fome  degree  affe<5t  the  manner  of  folution  :  and  hence,  alfo,  after  this  water 
is  difcharged  by  long  boiling,  the  property  of  oil,  as  a  menftruum,  is  chang¬ 
ed  ;  for  oils  that  have  long  been  boiled,  difiolve  bodies  differently  from 
what  they  do  when  crude. 

14.  But,  befides  this  water,  oils  contain  a  certain  fubtile,  latent  fait,  fup- 
pofed  to  be  very  penetrating,  and  which  is  generally  acid,  and  volatile  ;  as  in 
fome  of  them  is  manifeft  by  the  fmell.  Thefe  falts  appear  in  the  form  of  acid 
fpirits,  collecting  themfelves  like  water,  and  feparating  from  the  oil,  fo  as 
not  to  be  again  eafily  mixed  therewith ;  tho’  it  is  not  eafy  to  free  the  oil 
perfectly  from  its  acid :  for,  if  the  native  oils,  or  turpentines  of  the  pine, 
or  fir,  be  diftilled  with  degrees  of  fire,  an  acid  fpirit  always  rifes,  during 
the  whole  diftillation  ;  but,  in  the  greateft  quantity  at  firft :  and  the  fame 
holds,  in  fome  degree,  of  moft  other  oils. 
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t$.  When,  therefore,  chemifts  would  afcertain  the  diflolving  power  of 
oil,  they  (hould  carefully  diftinguifh  whether  the  effed:  be  not  owing  to  the 
water  and  acid  they  contain  ;  otherwife  great  errors  might  arife  :  for,  we  fee 
in  painting,  that  colours  diffolved  in  oil,  which  has  been  boiled,  unite  and 
(ink  in  better,  dry  quicker,  and  remain  more  beautiful,  than  when  mixed 
up  with  crude  oil.  And  thus,  alfo,  the  particular  power,  which  the  fofteft 
oils  are  fuppofed  to  have  of  diflolving  metals,  in  a  gentle  heat,  feems  princi¬ 
pally  owing  to  the  latent  acid  *,  and  not  to  the  oily  part :  it  having  been  ob- 
ferved,  that  oil-olive,  when  mixed  with  very  fine  filings  of  iron,  copper, 
or  lead,  and  long  digefted  together,  a  part  of  the  metal  is  thus  taken  up 
by  the  oil,  fo  as  to  give  it  a  new  colour,  and  extraordinary  properties : 
hence,  the  power  of  oil  as  a  folvent,  has  been  extended  too  far ;  for,  this 
power  does  not  remain  in  oils,  after  they  have  been  long  boiled,  and  are  de¬ 
prived  of  their  latent  acid.  Hence,  the  polilhers  of  brafs,  and  copper, 
have  obferved,  that  their  work  cannot  be  well  preferved  from  ruft  and  tarnifh, 
by  rubbing  it  over  with  crude  oil  *,  but  much  better,  by  befmearing  it  with 
boiled  oil  ;  efpecially,  if  a  little  cerufs,  or  black-lead  be  added  in  the  boiling, 
fo  as  perfectly  to  imbibe  this  acid  :  by  which  means,  an  excellent  undion  is 
obtained,  for  preferving  the  polifh,  and  edge  of  fuch  metallic  veflels  and  in- 
ftruments.  Dr.  Hoffman  (a)  has  (hewn  by  experiment,  that,  even  diftilled 
oils  contain  an  acid ;  for,  by  grinding  the  diftilled  oils  of  lavender,  and 
of  turpentine,  with  fait  of  tartar,  he  thence  obtained  a  neutral  fait.  So,  like- 
wife,  a  gentle  diftillation  feparates  thefe  falts  from  fuch  oils :  for,  thus  the 
oil  of  turpentine,  and  of  juniper,  will  afford  an  acid  liquor. 

1 6.  Thofe  oils  which  are  obtained  by  diftillation,  from  alkaline,  or  pu-  Sometimes , 
trefied  vegetable,  or  animal  fubftances,  abound  with  volatile  alcaline  falts  •,  contain  vo- 
which  may  be  copioufly  feparated  from  them,  by  a  gentle  fire,  in  a  white  latlle  alkail 
folid  form :  whenever,  therefore,  we  would  explain  the  properties  of  oils,  we 

(hould  carefully  feparate  them  from  all  foreign  falts,  and  examine  them  pure  ; 
otherwife  we  can  never  form  a  right  judgment  of  their  virtues. 

17.  But  here  it  is  neceflary,  before  we  confider  oils  farther,  in  the  way  of  Simple  oils,- 
menftruums,  to  examine  how  long  they  may  remain  in  an  oily  date  j  and 

with  regard  to  this,  there  are  feveral  remarkable  particulars  r  for,  oils  ob¬ 
tained  by  diftillation  with  water,  or  without  water  by  the  retort,  conftantly 
leave  earth  behind  them,  upon  being  re-diftilled  to  drynefs  in  clofe  veffels  v 
and  gradually  become  more  fubtile,  lefs  adhefive,  more  fluid  and  tranfpa- 
rent :  and  when  re-diftilled  fourteen  times  or  more,  they  each  time  become 
different  oils,  and  leave  an  earth  behind  them  j  fo  as,  thus,  at  length  to- 
become  penetrating  anodyne  medicines,  excellent  in  many  obftinate  diftem- 
pers :  and  each  time,  alfo,  they  make  a  different  menftruum  :  whence  the- 
elder  Helmont  imagined  that  the  oil  of  human  blood,  thus  diftilled  feveral  times 
with  fpirit  of  fait,  till  no  faeces  were  left  behind,  would  prove  a  diapho¬ 
retic  medicine,  capable  of  diflolving,  like  a  menftruum,  all  praeternatural,, 
and  otherwife  mortal  obftrudions,  and  coagulations,  in  the  body  ( b ).  The. 
excellent  Dr.  Hoffman  ( c )  aflures  us,  he  has  prepared  oils  in  this  manner,, 

and' 

(e )  Qhfs  Pbyf.  Clem.  p.  59. 


(a)  Obf.  Phyf.  Chem.  p.  56,  57. 

( b )  See  Helmont.  Auror.  tried .  Belg.  p.  188. 
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f he  preJUing 
fpirit  iff  oils. 


*The  bodies  dif- 
folvable  in 
true  oils. 


and  gives  a  high  commendation  of  their  medicinal  virtue:  and  another  lefs 
faithful  writer  affirms,  that  the  univerfal  remedy  may  be  obtained  by  means 
of  an  oil  prepared  in  this  manner.  The  antient  chemifts  have  defcribed  thefe 
oils  fome  ages  ago  ;  and  doubtlefs,  menftruums  may,  hence,  be  procured 
of  an  almoft  inimitable  diffolving  virtue  :  upon  which  fubjedt,  Raymond 
Lully ,  and  Jfaac  Hallandus ,  have  left  us  large  proceffies,  which  may  deferve 
to  be  confulted.  All  kinds  of  oils  have  a  certain  fubtile-,  volatile  fubftance 
adhering  to  them,  and  feparable  from  them,  called  by  the  name  of  their 
prefiding  fpirit  ;  which  is  a  moveable,  odorous,  high-tafted  thing,  produced 
by  fire,  and  the  true  caufe  of  very  great  effects.  This  fpirit  being  innate  in 
oils,  detained  and  confined  in  them,  communicates  thereto  a  lingular  effi¬ 
cacious  virtue,  no  where  elfe  to  be  found  ;  and,  when  it  entirely  quits  the 
oils,  it  leaves  them  fluggifh  and  unadtive,  fo  as  to  be  fcarce  diftinguifhable 
from  one  another :  and  as  it  fpontaneoufly  exhales  from  many  of  thefe  oils* 
with  a  gentle  heat,  it  mixes  with  the  air,  and  leaves  them  infipid,  and  un- 
adtive  •,  fo  as  to  render  them  incapable  of  performing  what  they  did  before. 
Their  diffolving  power  feems  chiefly  owing  to  this,  that  oils  are  difpofed 
to  receive  much  fire  into  themfelves,  and  apply  it  to  other  bodies. 

18.  (1.)  Moft  oils  mix  with  other  oils,  tho’  fome  of  them  not  eafily  ;  as 
in  the  diftillation  of  turpentine  and  amber  •,  where  the  oils,  raifed  by  diffe¬ 
rent  degrees  of  fire,  are  different  in  weight,  confiftence,  colour,  and  fitua- 
tion,  fo  as  not  readily  to  unite  with  each  other.  (2.)  True  refinous  bodies 
melt  and  diffolve  in  oils.  (3.)  So  do  many  of  the  gums,  efpecially  fuch  as 
have  a  mixture  of  rofin.  (4.)  So,  likewife,  do  condenfed  oils  or  balfams. 
(5.)  So  do  fulphurs,  both  the  native  and  artificial,  and  both  the  liquid  and  folid; 
and  this,  tho*  concealed  in  other  bodies.  Thus  antimony,  finely  powdered, 
or  fublimed  into  flowers,  being  boiled  with  oil,  foon  affords  a  thick  red 
balfam  of  antimony  ;  tho*  it  proceeds  only  from  the  fulphur  of  the  antimony, 
diffolved  by  the  oil,  which  leaves  the  metallic  part  untouched:  and  the 
fame  holds  alfo  of  other  femi*  metals,  abounding  with  fulphur. 


sect.  v. 

/  *■  '  , 

Of  Alcohol,  or  fpirituous  Menstruums 

properly  fo  called. 

Alcohol  a  ft-  *•  E  alchemifts,  or  thofe  called  the  adepts,  are  large  upon  the  fubjedfc 

tret  mevjh-u-  JL  of  fpirit  of  wine  ;  which,  when  reduced  to  its  higheft  fubtilty,  they 
***•  employed  in  the  preparation  of  all  their  other  fecret  menftruums  ;  as  ap¬ 

pears  in  the  Circulatum  of  Paracelfus :  whence  the  induftrious  Wcidenfeld 
is  of  opinion,  that  the  adepts  have  clearly  defcribed  all  their  fecrets,  but  only 
concealed  their  philofophic  fpirit  of  wine  ;  which,  being  once  known,  all  the 
reft  would  be  intelligible.  The  juftnefs  of  this  opinion  may  be  doubted  ;  but 
it  is  eafy  to  ffiow,  that  the  fpirit  of  wine,  which  the  adepts  have  defcribed 
by  its  particular  marks,  is  the  fame  that  we  are  poffefs'd  of;  as  appears  from 
it*  fubtilty,  volatility,  manner  of  preparing,  fragrance,  running  veiny  in  di- 

*  filiation, 
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filiation,  total  inflammability,  firing  linen  when  burnt  thereon,  uniting 
with  fait  of  tartar,  making  the  offa  Helmontiana ,  extracting  a  fubtile  fulphur 
from  animals,  vegetables,  and  minerals,  its  preferving  virtue,  preventing 
putrefaction,  &c.  It  is  true,  other  properties  are  affigned  it  by  the  adepts, 
not  to  be  found  in  our  alcohol  •,  as  particularly,  its  power  of  difloiving  falts: 
but  it  may  be  doubted,  whether  this  arifes  from  miftaking  the  fpirit,  or 
from  not  knowing  the  requifite,  fecret  preparation  of  thefe  falts ;  wherein 
fomething  wonderful  often  lies  concealed. 

2.  Eminent  chemifts  have  aflerted  in  their  writings,  that  alcohol  could  May  unite 
not  be  united  with  a  pure  fixed  alkali :  and  this  is  no  wonder,  as  the  effeCt 

may  be  prevented  by  the  leaft  aqueous  molfture  in  either  the  fait,  or  the  a  ca  u 
alcohol.  But,  if  pure  alcohol  be  applied  to  perfectly  dry  fait  of  tartar,  a 
rich  tinClure  is  immediately  extracted,  and  a  true  combination  made.  Hence, 
we  cannot  be  too  inquifitive  into  the  nature  of  this  liquor,  which,  on  account 
of  its  excellence,  we  efteem  the  firft  among  the  fpirituous  menftruums. 

3.  This  alcohol  is  procured  from  vegetables  alone,  by  bare  fermentation,  Honupre" 
and  repeated  diftillation  :  it  is  belt  obtained  from  wine,  mead,  or  beer:^^- 
for,  tho*  thefe  liquors  may  quench  fire,  yet  the  fpirit  obtained  from  them  by 
diftillation,  is  inflammable :  and,  when  all  water  is  perfectly  feparated  from 

this  fpirit,  we  obtain  pure  and  perfect  alcohol  ;  which,  therefore,  in  almoft 
every  refpeCt  feems  to  be  an  extremely  fubtile,  vegetable  oil:  tho*  in  its 
grofs  ftate,  its  parts  are  ftrongly  attractive  of  one  another ;  fo  as  to  make 
it  form  into  drops,  and  not  mix  with  water  :  but,  when  turned  into  alcohol,- 
thefe  parts  lofe.  both  of  their  attractive  and  repulfive  power  ;  whence,  oil  is 
called  alcohol,  when  it  mixes  with  water,  and  is  totally  inflammable.  Ani¬ 
mal,  and  vegetable  fubftances,  when  perfectly  putrefied,  may  have  their 
oils  fo  fubtilized  and  volatilized,  as  to  be  inflammable  in  the  open  air ;  and  by 
repeated  diftillation,  fuch  oils  may  be  fo  attenuated,  as  almoft  to  mix  with 
water.  When,  therefore,  the  difloiving  power  of  thefe  fpirits  is  to  be  de¬ 
termined,  we  rauft,  firft,  regard  what  kind  of  fpirit  it  is:  for  common  brandy 
contains  much  water,  a  liquid  acid  volatile  fait,  a  difagreeabl.e  oil,  and  alco¬ 
hol  ;  rectified  fpirit  of  wine  contains  lefs  water,  lefs  of  the  naufeous  oil,  a  vo¬ 
latile  acid  fpirit,  as  before,  and  mere  alcohol.  PerfeCt  alcohol^prepared  with¬ 
out  addition,,  contains  neither  water,  acid  nor  grofs  oil ;  and  if  once  gently 
drawn  off  from  fixed  alkali,  by  diftillation,  it  becomes  highly  purified:  and 
as  there  are  thefe  differences  in  this  fpirit,  we  are  carefully  to  regard  them. 

4.  (1.)  Perfectly  pure  alcohol  diflolves  water,  and  all  aqueous  liquors.'  Vlf0*1*5  !f 
(2.)  And,  confequently,  wines  of  all  kinds.  (3.)  It  diflolves  all  fpirituous  ‘ 
fermenting  acids;  as  the  tribe  of  vinegars.  (4.)  All  pure  oils.  (5.)  All  true 
vegetable  rofins.  (6.)  Moft  of  the  gummy  rofins.  (y.)  Pure  volatile,  alkaline 

falts.  (8.)  Perfectly  dry  and  fixed  alkaline  falts.  fq.j  Moft  of  the  foaps. 

(10.)  Sulphurs,  firft  opened  and  diflolved  by  alkalies;  but  it  does  not  touch 
compound  or  native  falts  ;  as,  fal-ammoniac,  fea-falt,  nitre,  &V.  nor  pure 
earth,  pure  fulphur,  mercury,  metals,  femi- metals,  nor  ftones,  whether  vulgar 
or  precious. 
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sect.  VI. 

Of  the  alkaline ,  and  acid fpirituous  Menstruum*. 


Ambiguity  of  **  .|\/1 
.the  word  fpi-  JL  T  JL 


nt. 


O  S  T  chemifts,  under  oily”  and  fpirituous  menftruu  have  ranged 
two  kinds,  which  might  rather  be  termed  faline  or  compound. 
This  happens,  becaufe  thefe  menftruums  ufually  appear  in  an  un&uous 
form  ;  and  are  generally  not  only  volatile,  but  liquid  and  fubtile :  whence, 
fome  acids,  and  fome  alkalies  have  [been  called  by  the  name  of  fpirits, 
on  account  of  their  fubtile,  volatile,  and  untftuous  appearance  *,  tho*  they 
differ  greatly  from  each  other,  not  only  in  kind,  or  as  to  acid  and  alkali,  but 
alfo,  acid  from  acid,  and  alkaline  from  alkaline  fpirit.  We,  therefore,  firft, 
divide  the  faline  fpirituous  menftruums  into  the  acid  and  alkaline  tribes  ;  this 
diftin&ion  being  abfolutely  neceflary.  Next,  we  divide  the  alkaline  fpirits 
from  one  another  j  fome  of  them  being  fimple,  and  others  compound.  The 
fimpleft  of  thefe  confift  of  water,  and  an  extremely  fubtile,  volatile,  alkaline 
fait,  both  together  appearing  in  the  form  of  a  thin,  pellucid,  and  fomewhat 
undtuous  liquor ;  as  the  pure  alkaline  fpirit  of  fal-ammoniac ;  and  to  this 
clafs,  belong  the  numerous  alkaline  fpirits  obtained  both  from  animals  and 
vegetables,  after  being  deprived  of  the  oil  that  is  apt  to  adhere  thereto ;  as 
we  daily  fee  pra&ifed  by  the  chemifts,  who  can  thus  produce  them  from  the 
hot,  antifcorbutic  plants,  putrefied  vegetables,  and  all  animal  fubftances* 
The  more  compound  kind,  ufually  confift  of  water,  the  volatile  fait  juft 
mentioned,  and  a  fetid  oil ;  into  which  three  parts  they  may  be  feparated  : 
and,  therefore,  are  a  kind  of  volatile  alkaline  foap,  diluted  in  a  proportion 
of  water  barely  fufficient  to  diflolve  it.  The  acid,  and  commonly  volatile 
liquors,  are  alfo  called  fpirits,  by  the  chemifts,  for  the  reafon  above- afligned  ; 
but  all  thefe,  when  examined,  prove  to  be  acid  falts  difiolved  in  pure  water. 
Thus,  oil  of  vitriol,  and  oleum  fulphuris  per  campanam ,  feveral  times  diftilled 
with  boiling  water,  become  in  a  great  meafure  volatile.  Upon  this  confidera- 
tion,  therefore,  I  lhall  here  drop  the  name  of  fpirits  5  and  for  the  future 
call  them  by  the  name  of  faline  menftruums. 


SECT.  VII. 

Of  the  fimple,  faline  Menstruum*. 


Salts  ntcef- 
fery  to  be 
Shown, 


1.  T  T  is  a  faying  of  the  alchemifts,  that  fuch  as  do  not  underftand  falts 
X  can  never  arrive  at  the  grand  fecrets;  and  no  wonder,  as  various 
falts  have  great  energy  !h  the  diffolving  of  bodies :  thus,  if  we  may  credit 
the  fublimer  artifts,  that  famous  folvent,  called  the  Circulatum>  is  faid  to 
have  been  made  by  Paracelfus ,  from  fea-falt  ?  Thus  much  is  certain,  that 

falts 
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felts  have  an  exceedingly  great  power,  in  the  whole  bufinefs  of  menftruutns » 
whence,  I  have  bellowed  no  fmall  pains  thereon. 

2.  I  call  felt  a  body  which  diflblves  in  water,  and,  if  not  volatile,  fufes  in  Their  parti- 
the  fire,  and,  having  a  fepid  tafte.  When  a  felt  is  pure,  or  either  naturally,  cles  infenfibk > 
or  artificially  feparated  from  every  thing  elfe,  it  confifts  of  particles  too  mi¬ 
nute  to  be  diftinctly  and  feparately  viewed,  even  by  the  help  of  the  bell: 
glaffes  ;  fo  that  we  can  pronounce  nothing  as  to  the  figure  of  thefe  particles. 

And,  when  feline  bodies  are  refolved  into  the  ultimate  particles,  from 
whence  they  are  formed,  they  thus  feem  to  become  perfectly  volatile  •,  fo  as, 
when  feparated  from  each  other,  and  from  all  foreign  fubftances,  to  fly  off 
into  the  air :  as  we  fhewed  by  experiment  in  the  chapter  of  earth.  There-- 
fore,  when  thefe  lafifc  particles  of  pure  felt  concrete  into  fenfible  clutters,  they 
always  are  held  together  by  fome  intermediate  particles  ;  particularly  thofe  of 
water  and  earth,  which  here  ferve  for  a  cement,  and  make  the  attociation 
permanent.  Hence,  we  fee,  that  as  the  original  particles  of  felt  can  fcarce 
ever  be  confined  in  veffels ;  fo,  we  can  fey  little  of  their  chemical  actions  : 
but,  when  they  appear  in  a  ftable  form,  we  may  have  fome  certainty  of 
them  in  this  compound  ft  ate. 

3.  We  mutt  next  confider  the  principal  differences  of  felt,  arifing  chiefly  The  kinds  of 
from  the  different  feline  principles  of  which  they  are  compofed :  and  tho*  fa^ts\ 
thefe  principles  are  feparately  unknown  j  yet,  doubtlefs,  they  have  a  certain 
peculiar  property  refpectively.  A  fecond  difference  arifes  from  the  other 
principle,  which  uniting  with  the  feline  one,  conftitutes  the  felt.  We,  there¬ 
fore,  divide  all  kind  of  felts,  into,  fuch  as  differ,  either  in  refpect  of 
their  feline  principle,  their  connecting  principle,  or  both.  And  with  regard 
to  the  firft  divifion  ;  I  diftinguitti  felts,  and  feline  menftruums,  into  the  fol¬ 
lowing  claffes  j  viz.  (1.)  Fixed  alkalies.  (2.J  Volatile  alkalies.  (3.)  Native 
vegetable  acids.  (4.)  Fermenting  vegetable  acids.  (5.)  Fermented  vegeta¬ 
ble  acids.  (6.)  Vegerable  acids  obtained  upon  burning.  (7.)  Vegetable  acids 
procured  by  diftillation.  (8.)  Native  foflil  acids.  (9.)  Foflil  acids  procured 
by  burning.  (10.J  Foflil  acids  procured  by  diftillation.  (11.)  Neutral  acid 
felts  ;  as,  borax,  nitre,  pit-felt,  fel-gem,  fea-felt,  and  fel-ammoniac.  (12.)  O- 
ther  felts  compofed  of  thefe  Ample  ones.  Eaqji  of  which  felts  fhould  be 
examined, -in  order  to  find  out  their  peculiar  properties  ;  whereby  we  may 
come  to  a  true  knowledge  of  them,  fo  far  as  regards  the  diffolving  of  bodies. 

SECT.  VIII. 

Of  fixed  Alkali ,  as  a  Menstruum. 

i.^pHE  Oriental  and  Egyptian  word,  Kali ,  denotes  a  certain  plant  fixed  alkali. 

I  abounding  with  felt,  and  growing  upon  the  fea^fhores,  and  banks 
of  the  Nile ,  and  the  Syrian  river  Belus ,  as  Pliny  relates  from  antient  au¬ 
thors.  This  plant  being  burnt,  in  its  perfection,  affords  afhes  of  a  remarkable 
fharp  feline  tafte  ;  and  if  thefe  afhes  be  boiled  in  water,  they  make  a  ftrong 
lixivium,  which  upon  {landing  depofits  its  earthy  part,  as  being  uncapable 
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of  dTiTolving  in  water,  or  burning  in  the  fire.  This  lixivium  being  boiled 
in  an  iron-veffel,  to  perfeCl  drynefs,  leaves  a  white  folid  mafs  behind  it,  per¬ 
fectly  diflolvable  in  water,  and  of  a  high  cauftic  tafte  :  whence,  from  the 
manner  of  preparation,  the  falts  of  this  kind,  are  called  lixivial,  or  more 
commonly,  alkaline  falts  ;*  and  fometimes,  alfo,  by  the  name  of  rochetta ,  or 
foda.  This  kind  of  fait  makes  frit,  with  any  ftony  matter  capable  of  ftriking 
fire  with  fteel  j  and  of  this  frit,  glafs  is  prepared.  When  rendered  fharper 
by  quick-lime,  this  fait  makes  the  foap-boilers  lee,  which,  when  boiled 
with  fat,  or  oil,  conftitutes  foap.  The  beft  kind  comes  to  us  from  Egyptr 
or  Alexandria ,  and  Eripoly.  Now,  as  all  our  phyfical  knowledge  is  ori-. 
ginally  derived  from  the  fenfible  properties  we  find  in  bodies  ;  fo,  all  the 
differences  of  bodies  are  to  be  derived  from  the  fenfible  marks  we  find  in 
them  *,  nor,  have  we  any  other  way  to  come  at  the  knowledge  of  bodies  : 
we  fhall,  therefore,  here  lay  down,  the  chemical  and  phyfical  marks  of 
alkali. 

■ts  marks  2‘  (i-)  This  alkali,  therefore,  is  of  vegetable  extraction.  (2.)  It  is  always 
obtained  by  means  of  burning  the  plant  to  afhes.  (3.)  It  is  of  a  fixed  nature, 
fo  as  to  remain  long  in  the  fire.  (4  )  It  diffolves  in  a  moift  air,  and,  thus, 
lets  fall  a  fediment ;  and  cannot  long  be  kept  dry,  tho’  ever  fo  carefully  ftopt 
down  and  fecured.  (5.)  It  gives  the  fenfation  of  a  burning,  fiery  acrimony 
to  the  tongue  ;  at  the  fante  time  tailing  like  urine:  whence,  thefe  falts  are 
fometimes,  tho’  improperly,  called  urinous  :  for  the  proper  tafte  of  this  alkali 
is  not  urinous  at  firft  ;  but,  after  being  held  fome  time  in  the  mouth,  and 
folliciting  the  faliva  by  its  acrimony,  the  neutral  animal  falts,  naturally  con-  » 
tained  in  the  faliva,  depofite  all  their  acid  in  the  alkali ;  whence,  the  other 
part  of  thefe  neutral  falts,  now,  deprived  of  their  fixing  acid,  becomes  vo¬ 
latile,  alkaline,  and  urinous :  and,  this  is  the  true  caufe  of  the  urinous  tafte, 
attributed  to  thefe  falts.  (6.)  This  Talt,  when  perfectly  clear  of  all  foreign 
mixture,  is  fcentlefs  and  fixed  in  the  fire;  but,  being  highly  attractive  of 
all  acids  •,  as  foon  as  ever  it  touches  any  fubftance,  containing  a  volatile,  al¬ 
kaline  fait,  detained  by  an  acid,  the  alkali  immediately  abforbs  this  acid, 
lets  loofe  the  latent,  volatile  alkaline  fait,  and  leaves  it  to  its  own  volatile, 
pungent  nature  :  fo  that,  tho^his  volatile  alkaline  fait  could  not  be  difcovered 
by  the  fmell  in  the  fubjeCt  before  *,  it,  now,  plainly  may  ;  and  is  not  the 
fmell  of  the  fixed  alkali,  but  of  the  volatile  one.  Thus,  if  a  fixed  alkaline 
fait  be  put  to  frefh,  warm  urine,  it  inftantly  difcovers  an  alkaline  fmell, 
which  it  had  not  before.  (7.)  It  is  another  property  of  fixed  alkali,  that  it 
immediately  makes  an  ebullition  upon  mixing  with  any  acid,  and  intimately 
unites  into  one  fubftance  therewith  :  fo  that,  if  the  point  of  faturation  be 
exaCtly  hit,  no  fign,  either  of  an  acid,  or  an  alkali,  is  difcoverable,  fo  long 
as  the  two  remain  in  a  compound  ftate  ;  but  they  thus  produce  a  fluid  fub¬ 
ftance,  called  by  the  name  of  neutral.  (8.)  If  pure,,  fixed  alkali  be  mixed 
with  the  juices  of  turnfoJ,  rofes,  or  violets,  it  prefently  changes  their  natu¬ 
ral  colours  to  a  green.  (9.)  If  applied,  for  fome  time,  to  the  warm  and 
moift  human  fkin,  it  raifes  an  inflammation,  and  caufes  an  efchar,  after  the 
manner  of  a  fphacelation.  (io.)-  All  thefe  falts  have  a  highly  deterfive 
power,  or  cleanfing  virtue,  not  to  be  found  in  neutral  falts.  And  by  thefe 
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marks,  fixed  alkaline  fiilts  may  be  known  and  diftinguilhed  from  all  others, 
fo  as  to  avoid  confufion  in  the  hiftory  of  menftruums. 

3.  The  like  fixed  alkaline  falts  may  be  alfo  obtained  from  any  crude,  re-  The  origin. 
cent,  vegetable  burnt  to  afhes,  and  treated  in  the  fame  manner  as  we  have 

^mentioned  of  kali;  tho*  fome  vegetables  afford  but  a  fmall  proportion,  par¬ 
ticularly  thofe  which  have  a  pungent  fmell,  and  make  the  eyes  water  ;  the 
faline  part  being,  here,  almoft  totally  volatile,  and  going  off,  in  the  burning  ; 
as  garlic,  fcurvy grafs,  onions,  water-creftes,  fquills,  radifh,  muftard,  &c. 
wherein  the  falts,  by  nature,  are  rendered  as  alkaline  and  volatile,  as  in 
animal  fubftances. 

4.  Thefe  lixivious  falts  were  well  known  to  the  ancients  in  almoft  every 
age  ;  as,  being  mentioned  by  Arijtotle ,  Varro ,  Pliny ,  Szc(d):  but  no  natural 
fait,  that  I  know  of,  hath  hitherto  been  found  with  the  marks  above-men¬ 
tioned  :  all  of  them  being  produced  from  vegetable  fubjecls,  by  the  bare 
adtion  of  the  fire.  And  no  vegetable  could  at  any  time  be  burnt  to  afhes, 
but  thefe  falts  were  produced  :  fo  that,  in  all  times  and  places,  large  quan¬ 
tities  of  this  fait  muft  have  been  made  upon  the  furface  of  the  earth,  with  the 
afhes  ;  and,  thus  thefe  faline  allies  being  wafhed  into  the  ground,  may  have 
rendered  it  fruitful  in  many  places  :  tho’  their  alkaline  nature  is  foon  changed, 
and  a  new  form  affumed,  by  which  they  afterwards  a<ft. 

5.  It  muft  here  be  remarked,  that  no  vegetables  could  at  any  time  afford  Not  yielded 
this  fait  without  burning  ;  for,  if  fuffered  to  dry  or  rot  fpontaneoufly,  they  fPontaneouAy 
vanifh,  or  change  their  form,  without  leaving  the  leaft  fixed  alkali  behind  .J>om$  antu 
and  are  thus  diffipated  in  fine,  infenfible,* volatile  particles;  whiift  only  a 

mere  terreftrial  matter  remains.  It  is  therefore  univerfal,  and  confirmed  by 
the  experience  of  all  ages,  that  nature  employs  no  fixed  alkali  in  forming 
either  the  fluid,  or  folid  parts  of  vegetables.  Whence,  again,  we  conclude, 
that  fixed  alkali  is  not  made  by  the  operation  of  nature  ;  but,  by  the  acftion. 
of  fire.  This  is  farther  confirmed  from  hence,  that  thofe  vegetables,  which, 
when  burnt,  would  afford  much  fixed  alkali,  being  once  thoroughly  putre¬ 
fied,  become  in  great  meafure  volatile  ;  fo  as,  if  tftby  were  now  to  be  burnt 
with  an  open  fire,  they  would  afford  no  fixed  fait  at  all ;  and  leave  nothing 
behind,  but  white,  infipid,  terreftrial  afhes,  containing  no  fait :  fixed  fait, 
therefore,  feems  as  much  a  creature  of  the  fire,  as  glafs. 

6.  We  fhall,  hereafter,  fee  that  thefe  fixed  alkaline  falts,  eafily  refolve 
into  a  large  proportion  of  a  hard,  bitter,  faline,  and  almoft  vitrified  fubftance,  body. 
a  fimple  earth,  and  a  purer  and  ftronger  fixed  alkali ;  whence  it  appears, 
that  thefe  falts  are  not  fimple  bodies,  but  compofed  of  different  ones  ;  whiift 
the  feemingiy  homogeneous  union  of  thefe  principles  into  one  fubftance, 

is  owing  to  a  ftrong  fire.  Hence  it  will  follow,  that  nature,  fo  far  as  we 
at  prefent  underftand  her  procedure,  never  a<fts  by  means  of  fixed  alkaline 
falts  as  her  own  inftruments  ;  but,  only,  as  Ihe  receives  them  firft  prepared 
by  fire  :  and,  when  file  ufes  them  at  all,  fhe  operates  with  them,  as  they 
are  compounded  of  the  three  principles  juft  mentioned  ;  to  which  we  may 
add  a  fourth,  viz.  an  oily  matter,  always  adhering  thereto,  as  appears 
from  many  experiments. 

Y  y  y  2  ..  7: 

(d)  See  Arijlot.  Meteor,  xi.  c,  3.  Varro,  de  re  ritjl.  L.  i.  c.  7.  PUn.  L.  xvii.  c.  28.  L,  \i\, 

C.  36.  L,  xvi.  c.  u.  L.  xxxvi.  c.  69.  *  ' 


I 


532 

Its  differen¬ 
ces. 


Its  kinds, 
viz. 


How  made. , 


The  Theory  of  C  h  e  m  i  s  t  ry. 

7.  Hence,  alfo,  it  appears  that  the  more  thefe  fixed  alkaline  falts  are  ie* 
parated  from  their  other  principles,  the  more  they  differ  from  one  another  ; 
fince  the  remaining  fait  will  thus  become  more  fimple,  and,  confequently, 
differ  in  its  manner  of  adling.  Thus,  for  example,  pot-afh,  which  contains 
an  excellent  fixed  alkali,  alfo  contains  a  large  proportion  of  a  hard  bitter  * 
tranfparent  fait,  not  eafily  diffolvable  in  water  :  and  this  fait  being  carefully 
feparated,  the  alkali,  thus,  becomes  much  purer,  and  fitter  for  many  pur- 
pofes  as*  an  alkali,  than  it  would  have  been  if  that  fait  had  remained  in  it. 
We  mud  alfoobferve,  that  thefe  alkaline  falts  are  often  ftrangely  changed,  by 
the  falling  in,  or  admixture  of  any  fix’d  foreign  body  during  the  burning  ;  as 
it  may  thus  unite  with  tlfe  fait :  thus,  for  example,  if  nitre  fhould  mix  with 
the  afhes,  and  be  fixed  with  the  other  fait  of  the  vegetable,  it  would  make 
an  alkali  that  would  afford  the  fume  and  fmell  of  fpirit  of  nitre,  upon  pour¬ 
ing  oil  of  vitriol  to  fuch  an  adulterated  fait  ;  a  thing  that  never  happens  in- 
pure  alkali :  and  the  fame  holds  true  of  fea-falt,  13  c.  It  muft  alfo  be  ob¬ 
served,  that  different  falts  are  produced,  according  to  the  different  manner 
wherein  the  vegetables  are  burnt  :  thus,  we  find  a  vegetable  burnt  with  a 
quick  and  ftrong  fire,  affords  a  different  fait  from  what  it  would  do  if  burnt 
flow,  with  a  ftified  heat  :  as  we  fee  in  preparing  the  falts  of  Tachenius. 

8.  We  next  proceed  to  enumerate  the  feveral  kinds  of  fixed  alkali 
commonly  ufed  in  chemiftry.  And,  here,  the  commoneft  kind  of  all,  is 
that  called  by  the  name  of  pot-afh  *,  imported  to  us,  in  large  cafks,  from  the 
north  particularly  from  RuJJia,  where  they  make  it,  by  burning  the  green 
wood  of  fir,  pine,  oak,  &c.  , 

9.  The  way  of  making  it,  is,  by  piling  up  large  heaps  of  cut  wood,  in  pits 
dug  in  the  ground,  fetting  them  on  fire  and  burning  them  to  afhes,  which 
they  afterwards  lift,  before  they  grow  cold  •,  then  they  boil  thefe  afhes  in 
water  to  diffolve  out  the  fait,  and  fuffering  the  liquor  to  reft,  they  pour 
it  off'  clear,  and  boil  it  in  large  copper  pots,  for  three  days,  till  it  comes  to 
a  dry  fait  *,  called  pot-afh,  from  the  pots  it  is  boiled  in :  this  fait  is  put, 
whilft  hot  and  dry,  into  calks  perfetftly  free  from  aqueous  moifture  and  oil, 
fb  that  it  may  be  kept  clofe  ;  otherwise  it  would  run  in  a  moift  air,  like  fait 
of  tartar  per  deliquium ,  and  afford  a  terreftrial  fediment :  in  which  manner, 

I  have  at  one  operation  obtained  fix  drams  of  fseces  from  a  pound  of  fait. 
When  this  fa]t  is  gradually  diffolved  by  putting  hot  water  to  it,  then  fuffered 
to  reft,  the  clear  liquor  being  poured  off  and  filtred,  then  evaporated  to  a  half 
in  clean  glaffes,  and  fet  in  a  cold,  ftill  place,  it  foon  fhoots  to  the  fides  of  the 
glafs,  hard,  figured,  pellucid  cryftals,  that  do  not  run,  even  in  .a  moift  air, 
and  difficultly  diffolve  in  water;  but  dte  brittle  like  glafs,  bitter  to  the 
tafte,  and  resembling  fandiver,  or  the  fait  thrown  up  in  the  making  of 
glafs.  This  bitter  fait,  therefore,  is  of  a  particular  nature ;  and  may  thus 
be  procured  in  a  confiderably  large  proportion.  After  this  operation,  four 
fcruples  of  a  terreftrial  matter  will  fall  to  the  bottom,  from  a  pound  of 
this  fait ;  thus  leaving  the  remaining  fixed  alkali  confiderably  pure :  fo  that, 
the  liquor  being  now  evaporated  to  drynefs,  affords  a  white,  fixed  alkaline 
fait,  fit  for  making  fine  glafs  with  clean  fand. 
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io.  If  this  purified  fait  be  expofed  to  a  violent  fire,  it  thus  melts  and 
becomes  ftronger;  and  if  now  put  in  a  glafs-difh,  and  fet  in  the  open  air,  - 
it  again  runs  per  deliqnium,  and  depofits- frefti  faece?  ;  fo  that  by  repeating  , 
thefe  operations,  the  original  fait  either  becomes  volatile,  or  refolves  iffelf 
into  a  part  that  flies  off  infenfbly,  a  neutral  fait,  and  a  ter  reft  rial  fubftance, 
and  lefts  all  its  acrimony.  And  it  frequently  happens,  upon  repeating  this 
operation,  that  the  alkali  changes  its  nature,  and  turns  into  a  neutral  fait, 
which  readily  flows  like  wax  at  the  fire :  whence,  fome  chemifts  have 
thought  themfelves  pofieffed  of  the  great  fecret  of  making  an  incerated 
fixed  alkaline  fait,  highly  extolled  by  the  ancient  artifts  :  tho*  this  is  only 
owing  to  the  volatile  acid  of  the  air  joining  with  the  alkali,  fo  as  to  form 
a  compound  neutral  fait  that  eafily  melts  at  the  fire. 

ii  .  The  fixed  alkali,  thus  procured,  has,  in  a  high  degree,  all  the  marks 
before  laid  down  for  diftinguiftiing  an  alkaline  fait  •,  in  which  refped,  there¬ 
fore,  it  may  ferve  as  a  ftandard  to  thefe  kinds  of  falts,  which,  if  any  doubt 
arifes,  may  be  compared  therewith.  And  hence  we  may  be  convinced  of 
what  was  above  faid,  viz.  that  alkalies,  made  by  burning,  confift  of  three 
different  principles,  or  of  a  pure  alkali,  a  bitter  fait,  and  a  pure  earth  :  but 
the  truly  faline  part  is  here  much  lefs  than  one  could  have  imagined,  or  fo 
little  as  to  be  infenfible  and  volatile.  Whence  its  proper  nature  cannot  hi¬ 
therto  be  known,  as  not  being  a  fit  objed  of  our  fenfes. 

12.  The  grofs  lee  which  wines  depotite  after  their  fermentation  is  over,  The  alkali 
being  preffed  dry,  and  burnt  to  aflies  in  the  fire,  afford  a  fixed  alkali,  by  the  from'wine- 
fame  treatment  as  above-mentioned  of  pot-afh  ;  tho’  the  alkali,  thus  obtain-  lees% 

ed,  is  purer  and  ftronger  than  that,  on  account  perhaps  of  the  fubjed  being 
more  fubtilized  by  fermentation  :  which  ftiews  us  another  general  way  of  pro¬ 
curing  fixed  alkali  from  all  forts  of  wine.  • 

13.  Tartar  differs  greatly  from  wine-lees,  as  concreting  into  a  flony  hard-  Salt  of  tar- 
nefs  -r  whereas  wine-lees  area  loofe  and  fofter  fubftance,  falling  to  the  bot-  tar. 

tom  of  the  veffel,  w'hilft  tartar  ftrikes  to  all  the  fides  thereof.  Tartar  alfo  dif¬ 
fers  according  to  the  wine  that  affords  it;  being  red,  brown,  white,  pure,  im¬ 
pure,  and  more  or  lefs. acid,  correfpondently  to  the  wine.  Acid  and  rough  wines 
afford  it  copioufly ;  but  fweet  and  foft  wines  more  fparingly.  This  tartar  being 
diftilled  with  degrees  of  fire  in  a  fand-furnace,  affords  a  flatulent  fpirit,  that 
cannot  be  confined  ;  then  a  fmajl  proportion  of  acid  fpirit,  which  gradually 
comes  over  more  grofs  and  unduous ;  and  laftly,  an  oil  of  a  more  penetra¬ 
ting  nature  than  any  other ;  a  black  and  fharp  alkaline  coal  being  now  left 
behind  in  the  retort.  And  this  is  the  only  way  that  I  can  recoiled:,  of  produ¬ 
cing  a  fharp,  fixed,  alkaline,  vegetable  fait,  in  a  clofe  veflel  ;  for  all  other 
kinds  of  vegetable  fubjeds,  upon  being  diftilled  by  the  retort,  tho’  they  at 
length  afford  a  black  coal,  yet  never,  that  I  remember,  yield  an  alkaline 
fait,  till  they  are  burnt  in  an  open  fire.  So,  upon  burning  this  black  alka¬ 
line  coal  of  tartar,  in  an  open  fire,  it  affords  a  white  alkaline  fait,  ftronger  and 
purer  than  all  others.  Whence  it  appears,  that  fermentation  may  forward  the 
produdion  of  alkali  in  vegetables  ;  tho’,  at  the  fame  time,  vinous  fermen¬ 
tation  promotes  the  generation  of  an  acid  :  fo  that  both  acid  and  alkali  have 

their-' 
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their  generation  forwarded  by  the  buftnefs  of  fermentation  j  which  is  an-ob- 
fervation  of  no  fmall  confequence. 

14.  But,  from  whatever  vegetable  fixed  alkalies  are  produced,  and  in 
whatever  manner  *,  yet,  when  brought  to  their  utmoft  alkaline  perfection  by 
a  violent  fire,  they  all  appear  to  be  of  the  fame  nature  *,  fo  as  fcarce  to  be  di¬ 
ll  inguifhable  from  one  another.  One  fmall  difference  has  however  been  ob- 
fervcd  i  viz.  that  glafs,  made  of  the  fame  flint  with  different  fixed  alkalies, 
often  appears  of  different  colours:  but  here  we  know  how  fmall  a  matter 
may  occafion  a  great  change  of  colour  in  glafs  j  as  the  bare  beating  of  the  fix¬ 
ed  fait,  in  a  metallic  or  marble  mortar,  may  alter  the  colour  of  the  glafs. 
Whence  I  have  fometimes  doubted,  whether  it  were  not  fomething  metal¬ 
lic  in  the  vegetable,  and  adhering  to  the  fixed  fait,  that  thus  gives  a  differ¬ 
ent  colour  to  the  glafs  :  iron  may  ealily  mix  with  vegetables,  and  fo  perhaps 
may  coppor. 

15.  The  chemifts  have  difcovered  another  origin  of  fixed  alkali,  viz. 
from  nitre  ;  and  Glauber  has  juftly  defcribed  it.  For  if  pure  nitre  be  melt¬ 
ed  in  a  clean  crucible,  it  prefently  runs  like  water,  with  little  or  no  vifible 
motion  ;  when,  if  a  bit  of  burning  charcoal  be  thrown  into  it,  this  inftantly 
occafions  a  confiderable  crackling,  and  the  coal  is  tolled  about  upon  the  fur- 
face  of  the  nitre  *,  and  when  the  coal  is  confumed,  -the  nitre  flows  quietly  a- 
gain  :  but  frefh  bits  of  lighted  charcoal  being  fuccefllvely  thrown  in,  till  the 
nitre  will  deflagrate  no  longer,  what  remains  is  a  perfect,  fixed,  alkaline  fait, 
anfwering  to  all  the  marks  above  laid  down:  tho’  it  ftill  differs  a  little  from 
the  reft,  as  containing  fomewhat  of  the  nitre,  not  yet  perfectly  changed*,  yet 
this  does  not  mamfeft  it  felf,  till  ftrong  oil  of  vitriol  is  poured  upon  the 
fait,  which  then  pre  sently  difcharges  a  vapour,  fmelling  like  aqua-fortis ,  in 
the  fame  manner  as  when  oil  of  vitriol  is  poured  upon  nitre.  The  oil  of 
vitriol  alfo  ufually  acquires  a  blacknefs  upon  uniting  with  this  alkali  \  which 
fhews  that  fomewhat  of  the  coal  remains  in  it,  from  the  burnt  charcoal 
thrown  upon  the  nitre  in  this  preparation :  fo  that  Glauber  was  not  miftaken 
in  faying,  that  this  alkali  of  nitre  differs  a  little  from  other  vegetable  alkali : 
but  when  he  extols  its  virtues  above  all  others,  he  feeras  to  applaud  his  own 
difeoveries  too  much. 

16.  The  quickeft  way  of  making  fixed  alkali  in  a  large  quantity,  is  by  ta¬ 
king  equal  quantities  of  tartar  and  nitre,  in  fine  powder,  mixing  them  toge¬ 
ther,  and  throwing  this  powder,  by  a  little  at  a  time,  into  an  iron-velfel, 
heated  almoft  to  the  degree  of  ignition  *,  for  thus  an  inftantaneous  deflagra¬ 
tion  is  made'*,  and  a  copious,  white,  fixed  alkaline  fait  immediately  produced. 
This  fait  feems,  in  all  refpeefts,  to  be  a  vegetable  alkali,  tho’  ftill  with  fome 
differences  ;  for,  upon  making  tartarum  vitriolatum  therewith,  arifes  an 
aquafertis  fmell,  and  the  matter  turns  black*,  which  fhews,  as  in  the  pre¬ 
ceding  cafe,  that  part  of  the  nitre  and  the  coal  ftill  remain  therein  ( a). 

A  fixed  and  fiery  alkaline  fait  is  alfo  foon  prepared  from  nitre,  and  the  regulus 
of  antimony  :  for  if  pure  regulus  of  antimony  be  melted  in  a  clean  crucible, 
and  an  eighth  part  of  dry  pure  nitre  be  put  thereto,  the  nitre,  which  otherwife 

runs 

(a)  See  Hoffman ,  Obf.  Fhyf.  Cbem.  p.  2  A  I . 
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runs  fo  eafily  in  the  fire,  will  now  require  a  heat  capable  of  melting  copper ; 
and  thus  appears  of  a  yellow  colour:  and  if  the  matter  be  now  poured  into 
a  melting  cone,  the  nitre  appears  like  a  cake  of  gold  on  the  top;  and,  being 
feparated  from  the  regulus,  is  now  fo  ftrongly  alkaline,  as  to  be  cauftic  or  fie¬ 
ry,  and  eafily  runs  into  the  air :  nor  is  there  any  way,  hitherto  known,  of 
communicating  fo  great  an  acrimony  to  any  fait,  as  the  nitre  here  acquires 
by  coming  in  contaCl  with  regulus  of  antimony.  It  feems  probable,  that  the 
fulphur^f  the  regulus  here  intimately  mixes  with  the  nitre  ;  for  if  this  fixed 
fait  be  thrown  hot  and  dry  into  pure  alcohol,  it  immediately  makes  a  red 
tinCture,  of  a  violently  cauftic  nature.  And  I  have  obferved  the  fame  fudden 
change  of  the  nitre,  whether  the  regulus  of  antimony  were  made  with  iron, 
or,  in  the  common  way,  with  tartar  and  nitre ;  and  that  this  change  does 
not  happen  whilft  the  grofs  fulphur  adheres  to  the  regulus,  but  chiefly  when  the 
regulus  is  perfectly  pure,  and  fufed  with  the  nitre.  The  change  is  more 
remarkable,  as  nitre  never  turns  to  an  alkali  with  fulphur;  but  to  a  bitter  fait, 
or  fal polychreftum.  It  may  here  increafe  the  wonder,  if  weconfider  that  ni¬ 
tre  is  a  mild,  cool  fait,  capable  of  remaining  long  in  the  fire,  without  chan¬ 
ging  its  nature;  and  that  it  does  not  grow  alkaline  with  crude  antimony,  but 
inftantly  upon  touching  the  regulus  of  antimony  in  fufion.  Whence  we  may 
learn,  what  fudden  and  unexpected  effects  may  arife,  from  applying  bodies 
to  one  another,  in  a  certain  manner  ;  and  how  unfafe  it  is  to  draw  general 
conclufions  in  phyfics.  It  alfo  defer ves  to  be  remarked,  how  eafily  the 
whole  body  of  nitre  turns  alkaline,  in  this  experiment,  without  mixing  with 
the  antimony,  and  barely  by  touching  it,  or  floating  upon  the  furface  of  the 
melted  regulus  ;  and  that,  though  nitre  of  it  felf  melts  fo  very  eafily,  yet  it 
here  inftantly  becomes  more  difficult  to  fufe  than  any  other  fait.  And  thus 
much  for  the  origin  of  fixed  alkaline  falts;  which  we  have  digefted  and  fpo.ke 
to  under  their  refpeCtive  claftes.  We  next  proceed  to  confider  the  phyfical  ac¬ 
tions  of  thefe  falts  all  along  bearing  in  mind,  that  they  are  produced  from  ve¬ 
getables  by  burning  ;  that  art  and  neceftity  thus  produces  an  immenfe  quanti¬ 
ty  of  them*;  and  yet  that  none  of  them  are  ever  to  be  found  on  the  earth, 
where  they  either  are  loft  in  their  own  form,  or  foon  change  to  another  na¬ 
ture. 

1 7.  Perfedl  fixed  alkalies  will  be  found  to  have  the  following  aCtions  in 
common ;  and,  firft,  they  powerfully  attraCt  water,  at  a  great  diftance, 
from  all  the  known  bodies  wherein  it  is  contained.  This  appears  to  the  eye, 
as  fixed  alkali,  immediately  taken  from  a  violent  fire,  and  fuffered  to  ftand  in 
a  hot:  air  near  the  furnace,  where  no  water  is  difcoverable,  immediately 
grows  moift,  and  turns  to  a  liquor,  which,  by  diftillation  in  a  dry  glafs, 
returns  the  pure  water  imbibed  by  the  alkali  ;  at  the  fame  time  other  falts  that 
had  attracted  moifture,  being  fet  in  the  fame  place,  would  grow  dry,  or  be 
deprived  of  their  aqueous  humidity,  whilft  dry  fixed  alkali  runs  per  deliqui- 
um.  Hence  thefe  alkalies  are  truly  attractive  of  water,  fo  as  to  dilfolve  it, 
unite  it  to  themfelves,  be  diftblved  by  it,  ftrongly  retain  it,  part  from  it  with 
difficulty,  and  being  once  diftblved  therein,  cannot  be  rendered  perfectly  dry 
again,  by  the  heat  of  boiling  water. 
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i  8.  To  illuftrate  this  by  experiment  •,  put  oil  of  tartar  per  deliquium  into  a 
proper  veflel,  along  with  a  mercurial  thermometer  ;  and,  upon  applying  214 
degrees  of  heat,  this  liquor  will  not.  be  dried  to  a  fait:  but,  for  this  purpofe, 
it  requires  to  be  boiled  with  a  heat  of  more  than  600  degrees  ;  fo  that  fcarce 
any  known  body  more  difficultly  parts  with  its  water  than  this  fait. 

19.  I  put  an  ounce  of  pure  dry  fixed  alkali  into  a  clean  glafs-difh,  and 

fetting  ic  in  a  clofe  cellar,  found  that  the  fait  foon  attracted  a  moifture  from 
this  confin’d  air,  at  reft,  and,  by  degiees,  acquired  near  three  ounefs  of  wa¬ 
ter  before  it  was  fully  faturated.  Whence  I  infer,  that  the  quantity  of  wa¬ 
ter  thus  attracted  by  the  fait,  mu  ft  at  leaft  have  poflefied  the  fpace  of  fix 
cubic  feet  in  the  air:  for,  fuppofing  the  fpecific  gravity  of  air  to  that  of  wa¬ 
ter,  as  one  to  a  thoufand,  and  a  cubical  foot  of  water  to  weigh  64  pounds  ; 
then  all  the  ponderous  parts  in  a  cubical  foot  of  air  will  be  -r|T  of  a  pound. 
Now,  allowing  half  of  thefe  ponderous  parts  to  be  mere  water,  it  follows, 
that  a  cubic  foot  of  air  contains  about  half  an  ounce  of  water.  If,  therefore, 
this  fait  can  attrad  fo  much  water  from  fo  large  a  fpace,  we  hence  difeover 
an  extraordinary  power  in  nature.  And  Sendivogius  has  juftly  obferved,  that 
the  more  an  alkaline  fait  is  calcined,  the  more  water  it  attrads  from  the  air. 
But  if  any  one  fhall  fay,  that  the  water  here  came  from  the  remote  parts  of 
the  air  moving  nearer,  fo  as  to  touch  the  fixed  alkali,  and  give  out  their  wa¬ 
ter  ;  I  can  only  reply,  that  I  made  the  experiment  whilft  the  air  was  at  reft 
in  the  place,  .  . 

20.  For  farther  fatisfadion,  I  took  a  large  glafs-veftel,  as  clean  and  dry  as 

if  it  had  juft  come  out  of  the  nealing-oven  ;  and,  firft  heating  it,  I  put 
therein  a  quantity  of  hot  and  dry  fait  of  tartar,  reduced  to  fine  powder  ; 
then  flopping  the  mouth  of  the  glafs  with  a  dry  cork,  tied  clofe  down  with 
a  foft  oiled  bladder,  I  found  the  fait,  flicking  to  the  tides  of  the  glafs,  grew 
wet  with  the  water  it  attraded  from  the  fmall  quantity  of  air  contained  in 
this  clofe  veflel  •,  tho’  the  air  it  felf  was  dry  and  hot,  at  the  time  when  the 
bottle  was  corked.  • 

21.  Fixed  alkali  feems  to  have  a  contrary  property,  with  refpedto  air  ;  fo 
that,  tho’  it  attrads  water,  it  appears  to  repel  true  elaftic  elementary  air:  the 
contrary  whereof  might  be  expeded  :  for,  as  this  fait  fo  powerfully  attrads 
moifture  from  the  air,  it  might  be  fufpeded  that  it  attraded  air  by  it  felf  at 
the  fame  time  ;  efpecially  fince  we  above  fhewed,  that  all  water  attrads  air, 
alter  being  once  deprived  thereof;  and  as  all  air  may  be  fuppofed  driven  out 
from  this  lalt,  by  the  violence  of  the  fire.  And  yet,  when  oil  of  tartar  per 
deliquium is put  into  the  air-pump,  it  yields  no  fign  of  containing  air,  even 
tho’  the  liquor  be  heated.  Whence  one  might  be  apt  to  infer,  that  fixed  al¬ 
kali  not  only  repels  air,  but  even  expels  the  air  contained  in  the  water 
attraded  by  the  fixed  alkali,  in  making  the  oleum  tartari  per  deliquium  ;  and 
confequently,  that  this  fait  has  a  power  of  diflodging  and  difpelling  air  from 
water.  But  we  have  already  treated  this  fubjed  in  our  chapter  of  air;  and 
rendered  it  fomewhat  probable,  by  experiments,  that  fixed  alkalies  ftrongly 
attrad,  and  clofely  unite  air  to  their  own  fubftance,  fo  as  not  to  part  with  it 
again,  but  by  the  utmoft  force  of  fire,  or  the  intervention  of  effervefcence. 
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T  leave  it  therefore  to  be  farther  examined*  -whether  fixed  alkalies  totally  re¬ 
pel,  or  ftrongly  attract,  and  fix  air  in  them  ;  one  of  which  muft  needs  be  the 
cafcr:  and,  after  fo  many  experiments  as  I  have  made  to  this  purpofe,  I 
cannot  help  doubting  of  the  alternative, 

2  2.  The  ftrongeft,  pureft,  and  drieft  fixed  alkali,  taken  hot  from  the  fire,  and 
mixed  with  pure  alcohol,  is  attracted  thereby  ;  but  if  ever  fo  little  water  ad¬ 
heres  to  either  of  them,  the  water  is  immediately  attracted,  and  the  alcohol 
repelled,  fo  that  they  cannot  afterwards  be  united  by  any  known  method  ; 
whilft  thus  the  alkali  feparates  the  fpirit  of  wine  into  two  parts,  viz.  a  fatura- 
ted  folution  of  the  fait,  and  pure  alcohol  floating  above  it  ;  which  two  cannot 
be  mixed  together.  And  here  alfo  we  may  fee,  that  the  attractive  force  be¬ 
twixt  the  water  and  the  alkali  is  reciprocal :  thus,  if  a  pound  of  pure  alcohol 
contains  a  fmall  proportion  of  water,  and  fixed  alkali  be  put  thereto,  the  al¬ 
kali  prefently  attracts  the  water,  and  appears  like  a  vifcid  oil  on  the  fides  of 
the  glafs  ;  the  alcohol,  at  the  fame  time,  being  kept  from  uniting  with  the 
alkali.  Whence  we  may  underftand,  that  many  particular  phyfical  opera¬ 
tions  are  performable  by  fixed  alkalies,  aCtiug  upon  liquors  prepared  by  fer¬ 
mentation  ;  the  alkalies  here  adding  either  by  attracting  or  repelling  the  alco¬ 
hol,  or  by  attracting  the  water  alone.  Thefe  alkalies  alfo  aCt,  in  another  re- 
fpeCt,  upon  liquors  procured  by  fermentation  :  for,  as  all  fpirits  diftilled 
from  wines  conftantly  have  a  volatile  acid  mixed  with  them,  the  alkali,  by 
ftrongly  attracting  it,  renders  the  fpirit  purer,  deprives  it  of  acidity,  and  thus 
greatly  alters  the  nature  and  virtue  of  the  fpirit  •,  at  the  fame  time  the  alkali 
it  felf  is  fo  changed,  as  to  become  a  compound  fait ;  or  if  the  faturation  be 
complete,  the  neutral  purging  fait  of  Sennertus.  And  to  this  obfervation  is 
owing  the  method  of  procuring  pure  alcohol  without  fire,  and  without  diftil- 
lation  ;  for,  by  mixing  a  proper  proportion  of  pot-afh  with  brandy,  and  ftir- 
ring  them  together,  the  alkali  will  attract  the  water,  and  fall  to  the  bottom  *, 
leaving  the  alcohol  at  top,  fo  as  to  be  poured  off  by  inclining  the  vefiel.  If 
the  alcohol  is  not  fufficiently  rectified  by  this  firft  operation,  frefh  pot  afh  be¬ 
ing  added  to  it  as  before,  will  render  it  ftill  purer.  It  is  obfervable,  that  the 
fpirit  of  wine,  in  this  operation,  always  gives  out  an  unCtuous  fubftance ; 
which  did  not  appear  before,  either  in  the  fpirit  or  alkali,  but  is  produced 
upon  their  being  thus  mixed  together. 

23.  Fixed  alkali  alfo  has  the  power  of  attracting  diftilled  vegetable  oils  ; 
thus,  if  dry,  ftrong  and  pure  fixed  alkali  be  taken  hot  from  the  fire,  and  put 
into  a  diftilled  oil,  it  eagerly,  and  with  a  hifling  noife,  draws  the  oil  to  it  felf, 
and  unites  therewith,  fo  as  direCtly  to  make  a  kind  of  foap  •,  which  may  be 
rendered  more  perfect,  by  fetting  it  in  a  cellar,  where  the  union  becomes 
more  intimate  :  for  thus  the  mixture  becomes  uniform,  and  exhibits  a  mafs 
which  is  femi-volatile,  diflblvable  in  water,  and  of  great  medicinal  virtue  ;  fo 
as  to  be  called  the  lefs  elixir  of  the  philofophers,  Starkey's  volatile  fait  of  tar¬ 
tar,  Matthews's  great  corrector,  the  foap  of  Helmont ,  &c.  This,  as  a  medicine, 
was  firft  greatly  celebrated  in  England ;  and  from  thence  fpread  over  all  Eu¬ 
rope.  It  has  the  virtue  of  refolving  and  fufing  almoft  all  the  tenacious  fub- 
ftances  produced  by  a  coagulation  of  the  juices  in  the  body  •,  fo  as  to  open  ob- 
ftruCtions,  attenuate  the  fluids,  gently  ftimulate  the  folids,  promote  perfpi- 
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ration,  fweat,  urine,  and  thus  remove  the  caufe  of  obftinate  chronical  difea- 
fes.  If  digeded  with  fimples,  it  changes  their  nature,  and  fometimes  their 
particular  virtues  ;  fo  as,  in  many  cafes,  to  correct  their  virulency,  and  give 
them  new  properties  but,  after  the  ufual  manner  of  chemids,  its  virtue,  as 
an  univerfal  medicine,  has  been  too  much  extolled.  As  to  its  preparation, 
it  mud  be  remembred,  that  the  oil  and  fait  can  never  unite,  if  ever  fo  little 
water  be  lodged  in  either  ;  and  confequently,  that- fixed  falts,  ufed  cold,  will 
not  here  anfwer  the  purpofe  :  and  even,  if  a  fixed  alkali  fhould  rife  above 
the  furface  of  the  oil,  and  touch  the  air,  the  fait  would  thus  grow  wet,  and 
prevent  the  effecd.  Fixed  alkali  eafily  unites  with  animal  or  expreffed  vege¬ 
table  oils,  by  means  of  quick-lime.,  water  and  fire  as  we  Tee  in  making  the 
common  foaps.  And  a  pure  foap,.  thus  prepared,  has  a  furprizing  power  in 
producing  many  effects,  not  eafy  to  be  otherwife  come  at;-  as  we  faw 
above. 

24.  Alkaline  falts  drongly  attract  all  kinds  of  acids,  whether  dry  or  moid, , 
drong  or  weak.;  and  this  more  powerfully  than  they  attradl  water:  for,  in 
their  attra&ion  of  acids,  they  always  violently  expel  the  air  contained  in  ei¬ 
ther  fait,  and  thus  produce  numerous  air-bubbles;  at  the  fame  time  remark¬ 
ably  repelling  water,  and  thus  becoming  faturated*  they  eafily  grow  dry  or 
part  with  the  water  ;  which,  when  feparate,  they  drongly  retained.  Thus, 
rectified  oil  of  vitriol,  and  oleum  tar  tar  i 'per  deliquium,  do  not  eafily  let  go 
their  water  feparately  ;  but,  upon  mixing  them  together,  they  expel  the  wa¬ 
ter  from  them,  fo  as  to  leave  an  almoft  dry  fait  at  the  bottom  of  the  fepara-- 
ted  liquor,  as  we  fee  in  preparing  the  tartarum  vitriolatum  ;  and  the  fame 
holds  of  other  acids  mixed  withalkali :  whence  many  abdrufe  particulars  may 
be  cleared  up,  in  the  hiftory  of  rrienftruums.  But  alkalies  have  a  limited 
power  in  attracting  acids;  and  there  is  a  great  diverfity  among  them  in  this 
refped,  tho’  rather  owing  to  the  difference  betwixt  the  acids  and  the  alka¬ 
lies,  as  the  excellent  Homberg  has.ufefully  fhewn  (b) ;  from  whom  we  fhall 
here  tranfcribe  a  few  experiments.  (1.)  An  ounce  of  fait  of  tartar  attracted 
all  the  acid  from  14  ounces  of  drong  diddled  vinegar;  and,  after  drying,, 
was  found  to  have  gained  3  drams  and  36  grains  in  weight;  the  other  parts 
of  the  vinegar  being  mere  infipid  water:  whence  we  fee  the  proportion 
there  was  between  the  acid. and  the  water  in  this  vinegar.  (%.)  From  fpirit 
of  fait,  it  abforbed  two  ounces,  and  five  drams  ;  and,  when  dried,  became 
heavier  by  3. drams,  and  14  grains..  (3.)  From  fpirit  of  nitre,  it  abforbed  ■ 
1  ounce,  2  drams,  and  36  grains;,  thus  increafing  its  weight  3  drams  and  jo 
grains.  (4,)  From  aqna-fortis ,  it  took. up  1  .ounce,  2  drams,  and  30  grains; 
increafing  its  weight  by  3  drams  and  6  grains*-  (5.)  From  oil  of  vitriol,  it.  , 
gained  5  drams  ;  and  was  augmented  by  3  drams  and  5  grains. 

25.  And  as  thefe  are  the  principal  among  the  acids,  it  hence  follows,  (1.) 
That  alkalies,,  tho’  very  different  from  one  another  in  denfity,  yet,  after  being 
fiturated  with  an  alkali,  become  of  the  fame  denfity  ;  fince  vinegar,  which  is 
the  lighted  of  thefe.acids,  when  all  its  acid  is  totally  abforbed  by  an  ounce  of  fait 
of  tartar,  increafes  the  weight  of  that  fait  as  much  as  it  would  be  increafed  by 
oil  of  vtrio],  which is  the  mod  ponderous  acid.  And  the  fame.  halds  true  ofthe 

red  5. 
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'*eft ;  fince  the  fum  of  the  difference  betwixt  the  greatest  and  the  lead:  acqui¬ 
red  weight,  is  only  31  grains,  and  this  only  in  the  vinegar  •,  on  account  that 
the  regenerated  tartar,  fo  prepared,  is  hard  to  dry.  (2.)  Hence,  thefe  acids 
fcem  greatly  to  differ  in  the  proportion  of  water  wherewith  they  are  diluted; 
fince  the  pure  acid,  extracted  from  them,  is  always  of  the  fame  weight  ;  fo 
that  if,  by  any  method,  14  ounces  of  ftrong  diftilled  vinegar  could  be  con- 
denfed  to  5  drams,  and  the  acid  be  obtained  feparate  from  the  water,  with¬ 
out  farther  change,  perhaps  the  vinegar,  thus  concentrated,  would  be  as 
ftrong  an  acid  as  the  oil  of  vitriol  ;  at  Ieaft  it  might  then  faturate  an  equal 
quantity  of  alkali.  (3.)  Hence  alfo  we  learn,  what  proportion  of  water  is 
contained  in  thefe  acids.  (4.)  It  is  alfo  probable,  that  if  acid  falts  could  be 
obtained  pure,  without  any  admixture  of  water,  they  would  appear  in  a  fo- 
lid  form  ;  and,  tho*  this  has  not  been  hitherto  done  by  art,  yet  an.approach 
is  made  thereto  by  violent  cold.  (5.)  It  may  here  alfo  be  confidered,  what 
effects  alkaline  menftruums  mull  produce  in  diffolving  bcdies  containing  a  la¬ 
tent  acid,  which  often  confolidates  them  ;  and  therefore  being  abforbed, 
leaves  them  to  refolve  into  their  component  parts-,  whilft,  in  the  action  of 
folution,  an  effervefcence  arifes,  numerous  air- bubbles  are  difcharged,  and 
produce  elaftic  air  :  which  fudden  effeCts  cannot  be  underftood  without  the 
dodtrine  of  alkalies  above  delivered.  When  an  acid  is  how  I  y  poured  to  an 
alkali,  in  a  warm  liquid  hate,  and  the  containing  veffel  is  fhook  after  each 
addition,  at  length  the  point  of  faturation  will  be  obtained,  and  no  ebullition 
appear  and  after  this,  if  more  of  the  liquid  acid  be  added,  it  pro 
duces  no  more  commotion  than  arifes  upon  pouring  water  to  water;  whil(J 
the  compound  fait,  thus  produced,  is  neither  acid  nor  alkaline,  but  neutral, 
and  called  by  the  name  of  the  acid  which  faturated  the  alkali.  And  hence 
acids  have  been  termed  male,  and  alkalies  female  falts  ;  and  thofe  compoun¬ 
ded  of  the  two,  hermaphroditical,  &V. 

26.  The  hrong  ebullition  and  effervefcence  which  happen  upon  the  mixing 
alkalies  with  acids,  perhaps  arifes  from  the  violent  expulfion  of  the  air  and 
water,  whilft  the  acid  and  alkali  forcibly  rufti  into  each  other,  and  ftrike  a- 
way  what  lay  between  them  to  obftrud  the  union  of  their  particles.  Whence 
we  may  make  the  following  queries.  (1.)  Whether  acids  abound  with  air* 
whilft  alkalies  contain  none  ?  (2.)  Whether  acids,  predominating  in  the  bo¬ 

dies  of  animals,  are  the  caufe  of  flatulency  ?  (3.)  Whether  compound  falts, 
made  by  a  combination  of  alkali  and  acid,  lofe  their  air,  and  thence  occafioti 
no  flatulency  in  the  body.  (4.)  Whether,  therefore,  acids,  or  bodies  tend¬ 
ing  to  acidity,  are  the  only  fit  fubjeds  of  fermentation?  (5.)  Does  the 
ftruggle  and  difeharge  of  air,  in  fermentation,  arife  from  hence  ?  (6.)  Does 
fermentation,  from  hence,  tend  to  generate  an  acid,  which,  by  the  adion  of 
calcination,  generates  an  alkali  ?  (7.)  And  is  this  the  caufe,  why  fermenta¬ 

tion,  which  generates  an  acid,  requires  only  a  moderate  heat;  whilft  a 
greater,  as  in  animals,  tends  rather  to  an  alkaline  putrefadion  ?  Thus 
much  is  certain,  that  thefe  falts  reft  after  complete  faturation,  and  then 
produce  no  ftruggle,  upon  the  addition  either  of  an  alkali  or  an  acid  fait  to 
the  faturated  mixture.  And  hence,  alkalies  and  acids  are  to  be  reckoned  a- 
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mong  the  physical  caufes,  productive  of  motion  in  nature,  at  the  time  they 
unite  ;  tho*  .this  caufe  ceafes,  when  the  union  is  completed. 

2 7.  In  this  action  of  acid  and  alkaline  menftruums,  it  ismanifeft,  that  both 
air  and  water  are  excluded  :  for,  upon  mixing  acids  and  alkalies  together  in  a 
fluid  form,,  little,  folid,  faline  cryftals  appear  in  the  liquor,  in  the  very  act  of 
union,  whilft  the  aqueous  part  is  expelled  ;  which,  after  the  faturation  is 
completed,  may  be  poured  off  in  the  form  of  water,  having  no  faline  tafte: 
and  then  the  neutral  fait,  upon  drying,  turns  to  a  white,  opake,  mealy 
powder.  Such  compound  falts  alfo  dry  eaftly,  and  with  a  gentle  fire 
whereas  the  Ample  acids,  and  alkalies,  they  were  made  from,,  are  dried  with’ 
difficulty. 

28.  And  tho*  the  neutral  falts,  .thus  prepared,  ,eafily.  part  with  their  wa¬ 
ter;  yet  the  alkaline,  and  acid  falts  from  which  they  were  made,  are  difficult¬ 
ly  feparated,  by  the  bare  force  of  fire,  into  the  pure  falts  they  were  before  : 
thus  fal-ammoniac,  made  from  the  volatile  alkaline  fpirit  of  that  fait,  and 
the  fpirit  of  fea-falt,  being  fublimed,  the  fal-ammoniac  does  not  feparate 
into  its  component  falts,  but  they  both  rife  together :  and  the  like  holds  of 
tart  arum  vitriolatum ,  regenerated  fea-falt,  nitre,  tartar,  &c.  tho’  there  are 
other  artificial  ways  of  refolving  thefe  compound  falts,  into  their  conftituent 
acids  and  alkalies  ;  upon  which  fome  fecret  operations  in  chemiftry  depend. 
And,  in  order  to  underftand  thefe  methods.,  of  procedure,  we  muff  next 
confider  fome  other  properties  of  alkalies. 

Alkalies  at-  29.  Tho*  alkalies  attract  all  the  known  acids,  yet  they  attract  fome  much 
i™a  acids  'more  firongly  than  others.  Thus,  for  example,  when  an  alkali  is  faturated 
-nafioujlj.  vinegar,  as  in  regenerated  tartar,  and  the  fpirit  of  mitre,  fpirit  of  fait, 

or  oil  of  vitriol  be  added  thereto ;  the  latent  alkali  here  attracts ’the  acid  fo 
added,  and  lets  go  the  vinegar  wherewith  it  was  faturated  before  :  fo  that 
now  the  fpirit  of  vinegar  may  be  drawn  off  from  the  mixture  with  a  gentle 
fire,  and  leave  a  regenerated  nitrous  fait  at  the  bottom  of  the  veffel.  So 
.again,  when  alkali  is  faturated  with  fpirit  of  nitre,  if  fpirit  of  fea-falt  be  ad¬ 
ded,  an  aqua-regia  will  rife  from  it  by  diftillation,  and  leave  a.  nitrous  fait 
behind,  tho*  fomewhat  changed  in  its  nature.  Again,,  if  alkali  be  faturated 
with  fpirit  of  fait,  fo  as  to  become  common  fait,  and  fpirit  of  nitre  be  ad¬ 
ded,  an  aqua-regia  is  thus:  obtained  by  diftillation,  leaving  a  nitrous  fait  be¬ 
hind,  capable  of  fulminating  with  an  inflammable  matter;  tho’  it  differs  in 
its  nature  both  from  nitre  and  fea-falt.  Hence,  in  thefe  two  lafh  cafes,  as 
there  is  no  great  difference,  with  regard  to  .acidity,  between  the  fpirit  of  nitre 
and  the  fpirit  of  fajfc,  one  -  of  thefe  acids  fome  way  expels  the  other  ;  fo<that 
they  both  rife  mixed  together  ;  whilft  a  part  of  them  both'  alfo-  remains  be¬ 
hind  in  the  alkaline  fait. 

30.  If  oil  of  vitriol  be  poured  to  an  alkali,  faturated  with  fpirit  of  nitre, 
the  fpirit  of  nitre  is  immediately  feparated,  and  the  acid  of  the  vitriol  remains 
united  with -the  alkaline  part  of  the  nitre  ;  and,  by  diftillation,  leaves  a  fait 
behind,  refem.biing  tartarum  vitriolatum ,  but  in  fome  refpefts  differing  from 
if,  yet  without,  having  the  properties  of  nitre.  If  oil  of  vitriol  be  added  to 
fearfalt,  there  prefently  arifesavery  volatile,  fuming,  acid  fpirit  of  fea-falt, 
having  al.moft  all  the  known  properties  of  that  fpirit ;  being  only  more  voia- 
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tile,  more  fmoaking,  and  more  fuffbeating,  till  re&ified.  Hence  it  appears, 
that  thofe  acids,  which  are  naturally  diluted  with  a  fmall  proportion  of  wa¬ 
ter,  have  a  greater  power  of  uniting  with  alkalies,  than  thofe  that  are  dilu¬ 
ted  with  a  larger.  The  following  rules  feem  therefore  to  be  general ;  viz, 

(i.) '  That  the  ftronger  acids  conftantly  feparate  the  weaker,  from  the  alkalies 
they  lodge  in.  (2.)  That  thefe  ftronger  acids  then  unite  to  the  alkali,  in  the 
place  of  the  weaker  expelled.  (3.)  The  fait,  thus  generated,  now  becomes 
of  the  nature  of  the  acid  laft  united  with  the  alkali.  (4.)  There  is  always  a 
conftderable  difference  between  the  falts  thus  produced,  and  the  natural  falts 
which  afforded  the  acids.  So,  for  example,  the  fal  mirabile  Glauberi ,  made 
by  the  diftillation  of  fea-falt  with  rectified  oil  of  vitriol,  is  of  a  very  different 
nature  from  that  made  by  mixing  oil  of  vitriol  and  oil  of  tartar  together  :  and 
the  like  holds  in  other  in ftances-.  So  again,  the  fait  prepared  in  the  diftilla- 
tion  of  Glauber* s  fpirit  of  nitre,  is  of  a  different  nature  from  that  of  the  fal 
mirabile  Glauberi  ;  tho’  both  are  here  fuppofed  to  be  made  of  the  fame  acid 
and  alkali.  And  hence  we  may  correct  that  general  rule  of  the  chemifts, 
which  fays,  that  acids  always  convert  alkalies  into  the  nature  of  the  acid,  fo 
as  to  produce  the  fame  fait  as  the  acid  did  before. 

31.  We  may  here  farther  obferve,  that  when  thefe  acids  are  added  to 
compound  falts,  they  diflodge  the  former  acid,  and  unite  to  the  alkali,  with* 
out  any"  conflict  or  effervefeence  ;  whereas  a  confiderable  tumult  is  rais’d  up¬ 
on  the  firft  joining  of  an  acid  to  an  alkali :  nor  does  any  air  appear  to  be  here 
generated  upon  this  uniting,  th»o*  at  firft  a  large  quantity  was  difcharged. 

This  feems  owing  to  the  preceding  faturation  having  expelled  all  the  air  in 
the  effervefeence  then  made  ;  fo  that  the  fecond  acid  enters  the  faturated  al¬ 
kali,  already  deprived  of  its  air,  and  remains  therein,  without  any  more 
being  expelled  or  attracted  :  for  if  the  acid,  here  difplaced  by  a  ftronger  a- 
Cid,  be  mixed  with  a  frefh  quantity  of  alkali,  it  again  produces  as  ftrong  an 
effervefeence  as  at  firft,  generating  air,  and  railing  a  conflict,  fcarceany  figns 
whereof  appeared  in  the  compound  fait. 

32.  And  hence  we  may  underftand  the  wonderful  tranfmigrations  and  re¬ 
generations  of  acid  falts,  from  whence  numerous  phyfical  arts  may  be  difeo- 
vered,  and  improved  ;  as  alfo  many  furprizing,  and  hitherto  unknown,  . 
changes  of  bodies;  whilft  neither  the  examples  nor  inftruments  thereof  have- 
been  met  with :  fo  that  no  explanation  can  be  given  of  them,  upon  any  o- 
ther  principles  hitherto  known.  It  was  neceffary  to  mention  thefe  things  in 
the  hiftory  of  alkalies,  confidered  as  menftruufns,  otherwife  numerous  phse- 
nomena  wou’d  every  where  occur,  in  the  application  of  thefe  alkalies,  whilft 
they  could  not  be  underftood  without  -a  knowledge  of  thefe  obfervations. 

Here  alfo  occur  feveral  particulars,  deferving  to  be  farther  enquired  into  ;  as, 

( 1.)  Whether  all  fixed  alkalies  are.  generated  by  fire  alone  ?  (2.)  Whether  all  ou[^es_ 
volatile  alkalies  are  produced  by  a  putrefactive  heat  ?  (3.)  Can  any  fixed  or 
volatile  alkali  long  retain  their  nature  .in  the  .  open  air?  -  (4.)  Whether 

their  nature  will  not  be  altered,  or  the  falts  changed,  fo  as  to  become  neutral 
or  faponaceous,  by  thus  meeting  with  acid  or  oily  particles  ?  (5.)  And  will 
not  the  fame  happen  in  the  bodies  of  plants  and  animals  ?  (6.)  Is  not  a  large 

quantity  of  compound  falts  thu*  daily  produced  ;  efpecially  of  fuch  falts 

whofe/e 
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whofe  component  aci'd  is  every  where  common,/  and  ready  at  hand  ?  (7.) 

And,  as  natural  acids,  or  thofe  produced  by  fermenting  vegetables,  abound 
•  every  where,  is  there  not,  in  nature,  a  very  common  fair,  of  the  fame  kind 
with  regenerated  tartar,  or  thefpirit  of  Mindererus ,  made  with  a  volatiieal- 
kaline  fait  and  diftilled  vinegar-,  being  a  mild,  penetrating  moveable  fait,  of 
no  great  tafte  ?  But  there  is  nothing  of  this  kind  more  deferving  to  be 
known,  than  the  origin  and  nature  of  the  moft  common  ufeful  falts  ;  viz. 
fea-falt,  fpring-falt,  fal-gem,  and  nitre :  which,  whether  they  are  made  by 
a  combination  of  their  own  acids,  fuch  as  we  find  by  chemical  diftillations, 
and  a  fixed  vegetable  alkali,  deferves  to  be  enquired  -,  or  whether,  being  pro¬ 
duced  fimple  by  nature,  they  are  not  rather  changed,  than  feparated  by  fire. 
Many  eminent  chemifts,  fince  the  do&rineof  acid  and  alkali  prevailed  (c), 
maintain,  that  all  thefe  falts  arife,  and  are  naturally  produced  from  the  mix¬ 
ture  of  acids  with  alkalies.  But  it  is  highly  probable,  that  fait  was  contained 
in  the  fea,  before  the  acid  fpirit  of  fait  was  prefent  therein  ;  and  before  any 
fixed  alkali  was  made  from  vegetables.  On  the  other  hand,  no  known  ex¬ 
periment  hath  hitherto  produced  the  Jeaft  fixed  alkali  from  fea-falt.  Thus 
much  is  certain,  if  pure  and  dry  fea-falt  be  intimately  mixed  with  thrice  its 
weight  of  common  dry  bole,  and  carefully  difiilled  with  .all  the  degrees  of 
fire,  it  con ftantly  yields  a  certain  proportion  of  acid  fpirit;  beyond  which  no 
more  can  be  obtained  from  it,  with  the  utmoft  violence  of  fire  ;  whilfi  the 
bole  will  ftill  remain  faline  in  the  retort ;  and  being  well  wafhed  from  all 
its  fait  with  water,  if  the  folution  be  well  purified  and  evaporated,  fome  fea- 
falt,  but  no  fixed  alkali,  will  be  obtained.  Nor  do  I  learn,  that  the  acid  fpi¬ 
rit  of  nitre,  or  of  fea-falt,  was  ever  hitherto  found  naturally,  but  always  as 
produced  by  art  or  by  fire  and  this  rather  by  a  change,  than  a  feparationof 
parts.  It  is  true,  thefe  acids,  properly  mixed  with  alkalies,  regenerate,  in 
fome  fort,  the  falts  which  afforded  the  acids  ;  tho*  always  with  fome  differ¬ 
ence  between  the  native  and  artificial :  which  fhews,  we  cannot  be  fo  certain 
as  to  the  compofition  and  refolution  of  thefe  falts,  as  fome  authors  pretend. 
We  may  hence  learn,  what  caution  is  required  in  ufing  alkalies  as  folvents  5 
fince  a  change,  in  any  circumftance,  or  a  flight  addition  of  a  foreign  fubftance, 
may  eafily  change  an  alkali,  and  produce  a  fait  that  fhall  not  operate  as  a  pure 
alkali,  but  according  to  the  nature  which  is  thus  introduced. 

33.  It  remains  to  be  confidered  of  pure  fixed  alkalies,  that  fometimes,  when 
they  are  applied  as  folvents  to  certain  bodies,  they  not  only  feem  to  pro¬ 
cure  a  perfect  folution,  but  prefently  after  unite  with  them  into  a  mafj 
that  can  fcarce  be  diffolved  again  by  any  menftruum  the  mafs  thus  appear¬ 
ing  extremely  remote  from  the  alkali  here  employed.  For  example,  if  to 
a  hundred  weight  of  clean  fand,  or  flint  reduced  to  a  calx,  and  ground  to 
fine  powder,  a  hundred  and  fifteen  pounds  of  pure  fixed  alkali  be  added, 
and  thoroughly  mixed  therewith,  and  the  mixture  be  fet  in  a  glafs-houfe 
furnace,  with  a  moderate  fire,  for  an  hour,  and  kept  ftirring  all  the  while, 
the  fire  being  afterwards  increafed  for  five  hours  *,  whilfi:  the  ftirring  is  all 
along  continued;  a  mafs  will  thus  be  obtained,  rightly  difpofed  for  making 
the  fineft  glafs.  If  this  mafs  be  put  into  dry  cafks,  and  kept  in  a  warm, 

dry 
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dry  place,  for  four  or  five  months,  the  ingredients  will  thus  be  more  inti-  - 
mately  united  :  and  if  now,  the  matter  be  put  into  glafs-houfe  pots,  fet  in 
the  hottefl:  part  of  the  furnace,  it  will  thus  melt  into  a  kind  of  vifcous, 
thick,  and  apparently  undtuous  fluid,  calling  up  a  froth  to  the  furface  as  it 
boils;  which  froth  riling  more  and  more,often  amounts  to  a  fourth  part  of  the 
whole  mafs.  This  frothy  matter  being  carefully  fcummed  off  as  it  rifes,  . 
till  no  more  appears,  and  the  remaining  purified  matter  being  kept  in  con- 
ftant  fufion  for  two  or  three  days,  the  matter  thus  remaining  behind  in  the 
pot,  is  what  the  glafs-meti  call  their  metal ;  and  when  cold,  makes  the  bed: 
fort  of  glafs.  Now,  unlefs  this  was  proved  to  us,  by  every  day’s  experi¬ 
ence,  who  would  have  fufpedled,  that  fixed  alkali,  which  runs  into  a  liquor  • 
in  a  dry  air,  fliould  thus  with  fand,  melt  into  a  matter  fo  like  a  metal, 
except  in  malleability?  This  property  of  alkali,  was  not  to  be  omitted  in 
the  hiftory  of  alkaline  menftruums.  Here,  therefore,  we  fee  when  the  alkali 
is  brought  by  the  fire  to  run  like  water,  it  becomes  fo  powerful  as  to  fufe- 
fand,  or  flint,  into  an  almoft  aqueous  form  ;  being  itfelf,-  at  the  fame  time- 
fo  changed,  as  to  appear  with  a  fet  of  new  properties,  and  retain  nothing 
of  its  former  nature. 

34.  This  affords  us  an  inftance  how  fuch  menftruums  as  have  a  ftrong 
diffolving  power,  may  permanently  concrete  with  the  bodies  they  perfedly 
diflolve;  the  concretion  being  the  ftronger,  as  the  folution  was  more  perfed. 
And  hence  we  learn  that  alkalies,  fometimes,  when  they  diflolve  perfectly, 
may  be  fo  changed  in  the  adi'011,  as  totally  to  lofe  their  own  faline  nature :  : 
for,  if  there  be  any  body  far  removed  from  the  nature  of  a  fait,  glafs 
will  doubtlefs  be  allowed  for  one  ;  yet,  glafs  contains  nearly  a  third  part 
of  alkali  in  its  fubftance.  It  may  alfo  feem  extraordinary,  that  fixed  alkali 
fhould  here  fo  fuddenly  lofe  its  alkaline  nature,  in  the  adion  of  diffolving  . 
and  pafling  into  glafs,  fo  as  not  to  retain  any  one  mark  of  its  being  an 
alkali;  for  it  here  becomes  taftelefs,  makes  no  effervefcence  with  acids, 
changes  no  colour  in  bodies,  has  not  the  lead  acrimony,  and  becomes  more  , 
fixed  in  the  fire,  and  harder  to  melt,  than  it  was  before.  .  It  is  alfo  extraor¬ 
dinary,  that  the  glafs  thus  made,  melts  into  a  tenacious,  tough,  du&ile 
mafs,  fo  as  to  be  formed  into  veffels  of  any  figure;  and  flicking  fo  ftrongly 
to  iron,  as  to  be  thereby  taken  out  of  the  melting-pot.  Another  remarkable 
particular  is,  that  two  opake  bodies  fliould  thus  concrete  into  a  pellucid 
folid,  not  to  be  difiblved  by  any  known  menftruum ;  tho’  itfelf,  in  part 
confifts  of  the  moft  foluble  of  all  falts:  for  glafs  is  neither  difiblved  by  water, 
fpirits,  oils,  acids,  alkalies,  fimple  or  compound  falts  ;  not,  even  by  the 
phiiofophic  fpirit  of  wine,  nor  the  circulated  falts  of  the  adepts,  nor  even  by 
the  philofophical  mercury :  all  thefe  higher  menftruums  being,  as  authors 
conftantly  relate,  prepared  in  glafs-veflelsi,  many  whereof  are  conftantly  ufed 
in  the  digeftions,  diftillations,  circulations,  fixations,  and  folutions ;  and  - 
even  in  the  operations  of  the  alkaheft  itfelff 

35.  Hence  we  fee  how  difficult  it  is,  to  afiign  the  origin  of  any  phyfical 
body,  or  toafeertain  the  principles  whereof;  it  iscompofed  ;  and  to  Separate 
the  body  into  its  principles :  fo  as,  thence  to  difeover  a  way  of  compounding 
thejike.  Thus,  fuppofing  an  artift  ever,  fo  well  verfed  in  natural  philofophy,  . 
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but  to  know  nothing  of  the  art  of  glafs,  what  judgment  could  he  form  of 
glafs,  when  he  faw  it  ?  Could  he  ever  fufped  it  was  made  of  fixed  alkali 
and  flint  united  together  in  a  ftrong  fire?  It  is  therefore  bold,  in  phi- 
lofophers,  little  converfant  in  experiments,  to  aflign  the  origin,  nature,  and 
principles  of  gems  :  it  were  better  to  confefs  our  ignorance,  than  to  cherifh 
great  expectations  upon  {lender  acquirements.  To  judge  rightly  of  thefe 
matters,  we  fhould,  not  only  know  the  nature  of  the  principles  concerned, 
but  alfo  the  power  of  fire,  whereby  the  principles  may  be  changed  in  the 
ad  of  union. 

..  dir  3 6.  Having  thus  confidered  the  origin,,  nature,  and  effeds  of  alkaline 
Tsr  in  purity y  menftruums  upon  fome  principal  bodies  *  we  mud  next  obferve,  according 
to  what  was  above  laid  down,  that  as  the  vegetables,  which  afford  fixed 
alkali  by  burning,  contain  an  acid,  more  or  lefs  cleaveing  to  it,  whence 
the  alkaline  fait  will  become  of  another  nature  than  if  the  acid  were  not 
prefent  therein:  underftand  the  fame  of  oil  and  earth  adhering  to  the 
fait :  on  which  account,  there  v/ill  be  a  great  difference  betwixt  fixed  alkalies, 
as  they  contain  more  or  lefs  of  thefe  principles :  whence,  it  is  no  wonder  that 
certain  experiments  with  alkali,  as  related  by  fome  authors,  do  not  fucceed, 
when  tried  with  different  alkalies. 

And  from  U -  37-  Alkalies  alfo  may  receive  great  alterations  from  other  things  added 

Jitions.  thereto :  thus  in  particular,  their  power  is  greatly  increafed,  and  an  almoft  fiery, 
confuming  virtue  given  to  them,  by  being  mixed  with  quick-lime,  pre¬ 
pared  from  {hells,  ftony  fea-plants,  or  Jime-ftone :  for,  by  this  means  a 
fait  may  be  obtained  fo  ftrong  and  corrofive,  as  to  diffolve  and  fufe  almoft 
all  the  folids  of  animals  and  vegetables  by  boiling.  Whence,  we  fee  a  ftrong 
alkaline  folvent  may  be  prepared  from  the  fame  ingredients,  which  make 
unadive  glafs.  Again,  fixed  alkali,  rendered  ftronger  by  quick- lime,  and  after¬ 
wards  dryed  at  the  fire,  eafily  melts  like  wax  *,  and  thus,  by  an  extraordinary 
virtue  lays  hold  of  and  diffolves  bodies  put  into  it.  And  this,  perhaps, 
may  be  the  fecret  artifice,  which  fome  of  the  ancient  chemifts  are  faid  to 
have,  of  performing  extraordinary  things  by  an  alkali  of  eafy  fufion  ;  and 
perhaps  is  their  incerated  fait  of  tartar,  fo  called  from  its  readilv  melting- 
like  wax. 

The  limit  at  i-  38.  There  are,  however,  fome  bodies  upon  which  fixed  alkali  has 

on  no  effed  as  a  menftruum  -,  thus  it  does  not  diffolve,  nor  any  way  affed 

troJa'at-  pure  quick-filver,  in  what  manner  foever  applied  thereto :  and  hence  alfo, 
it  exerts  no  diffolving  power  upon  thofe  metals,  which,  according  to  the 
adepts,  confift  of  a  pure  mercury,  and  a  fiery  metallic,  fixing,  fulphureous 
fpirit.  Thus,  gold  and  filver  are  not  changed  by  it,  that  I  know  of ;  tho’  it 
has  fome  ndion  upon  the  other  metals  ;  perhaps  becaufe  to  their  mercurial 
parts  they  have  added  another,  which  approaches  to  the  nature  of  an 
unduous  and  fulphureous  fubftance.  But,  as  thefe  external  fulphurs  are  not 
eafily  feparable  from  the  metallic  matter  with  which  they  concrete  ;  hence  it 
often  happens,  that  when  'thefe  alkaline  falts  ad  upon  fuch  fulphurs,  they 
may  feem  to  change  the  mercurial  part  of  the  metals,  intimately  united  with 
the  fulphur,  without  being  able  to  touch  the  mercury  in  its  own  pure  nature ; 
.Sfi  I  have  plainly  experienced,  by  melting  common  antimony  with  fait  of 
*  *  tartar 
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tartar,  nearly  the  whole  body  of  the  antimony,  or  both  its  fulphureous  and 
mercurial  part,  was  diffolved  into  one  brown  mafs,  without  affording  a  re- 
gulus  :  but,  when  the  regulus  of  antimony,  now  feparated  from  its  external 
fulphur,  is  melted  with  fixed  alkali,  the  alkali  flowing  thin  on  the  top  of 
the  metal,  extracts  from  it  fomething  fulphureous,  and  becomes  of  a  gold 
■colour  •,  whilft  the  regulus  itfelf,  remaining  at  the  bottom,  is  thus  made 
purer  and  whiter.  Here,  therefore,  the  diffolving  power  of  alkalies,  witii 
refpedt  to  metals,  feems  to  be  limited  ;  for,  when  applied  to  calcined  metals, 
and  afllfted  by  the  force  of  fire,  they  feem  not  capable  of  diffolving  that 
fulphur  which  fixes  their  mercury,  and  gives  them  the  metallic  form  : 

-no  method  of  applying  fixed  alkalies  having  hitherto,  that  I  know  of,  ob¬ 
tained  the  mercuries  of  metals.  And  fome  of  the  greateft  proficients  in  this 
art,  after  all  their  experiments,  have  given  it  as  their  opinion,  that  thefe 
mercuries  have  been  rather  feen  by  the  eye  of  reafon,  than  the  eye  of  ex¬ 
perience.  As  for  myfelf,  after  all  the  labour  I  have  bellowed  upon  the 
fubjeff,  I  could  never  meet  with  the  fuccefs  promifed  in  books  j  fo  that,  if 
what  Mr.  Boyle ,  'Tachenius ,  and  M.  Homberg ,  relate  of  recovering  the  mer¬ 
cury  of  metals  be  true,  fome  fecret  procefs  is  required  to  make  thefe 
regenerating  alkalies  enter  the  fixing  fulphur  of  metals. 

39.  Both  the  fixed  and  volatile  alkalies  have  a  diffolving  pdwer,  (1.)  Its  an  ion 
-Upon  animal,  vegetable,  and  mineral  fubftances  *,  fo  far  as  thefe  contain  uPon  bodies, 
oils,  balfams,  gums,  rofins,  or  gummy  rofins,  or  confift  of  un&uous  mat¬ 
ters  ;  as  alfo  upon  fulphurs,  whether  pure,  compounded,  or  joined  with 

other  materials:  all  which,  thefe  alkalies  excellently  open,  attenuate,  re- 
folve,  and  difpofe  to  mix  intimately  with  water,  alcohol,  and  oils.  Thus, 
alkalies  have  a  great  effedt  in  extracting  of  tinCtures,  which  afford  excellent 
remedies.  Gum-hedera,  gum-juniper,  gum-lac,  myrrh,  which  other- 
wife  fcarce  diflolve  in  water,  or  alcohol  ;  readily  diffolve  therein,  after  be¬ 
ing  prepared  for  the  purpofe  with  thefe  alkalies,  or  diluted,  heated,  and 
dryed  therewith,  over  a  gentle  fire.  (2.)  Thefe  alkalies,  alfo,  adt  as  a 
folvent,  upon  fuch  bodies  whofe  component  parts  are  held  together  by 
an  acid  cement ;  which  being  thus  attracted  by  the  alkali,  the  component 
parts  now  feparate  or  fall  afunder :  but,  here,  the  acid  is  often  fo  inti¬ 
mately  united  with  the  fubjeCt,  as  not  readily  or  entirely  to  be  extracted  at 
once,  tho*  in  time  it  ufually  is.  Thus,  quickfilver  being  diffolved  by  fpirit 
of  nitre,  and  turned  into  red  precipitate,  by  the  a&ion  of  the  fire,  does  not 
prefently  return  to  running  mercury,  upon  the  affufion  of  oil  of  tartar  -per 
deliquium ,  but  changes  to  a  different  powder  •,  which  being  diftilled  in  a 
retort,  with  a  flrong  fire,  the  mercury,  leaving  its  acid  in  the  fixed  alkali, 
comes  over  in  its  native  form.  (3.)  After  certain  bodies  have  been  once 
diffolved  by  an  acid  menftruum,  pure  alkalies  often  exert  a  new  power,  fo 
as  to  diffolve  fuch  bodies  better  than  if  applied  to  them  before  they  were 
thus  diffolved  by  the  acid :  whence  it  is,  that  alchemifts  direCl,  in  order 
to  obtain  the  mercuries  of  metals,  that  the  metals  be  firft  calcined  by 
acids,  and  afterwards  be  treated  with  alkalies. 

40.  We  muft  here  bellow  a  fhort  confideration  upon  volatile  alkali,  as  Volatile  nl- 
a  menftruum.  Whether  any  volatile  alkali  exifts  in  nature,  without  the  kalL 
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afliflance  of  putrefadion,  or  the  diflillation  of  animal  or  vegetable  fubftances, 
is  not  eafy  to  determine  ;  unlefs  we  fhould  lay,  that  the  particular  fait  found 
in  mineral  waters,  is  of  this  kind  ;  tho’  fuch  fait  cannot  be,  juflly,  reduced 
to  the  clafs  of  volatile  alkalies  :  however,  Dr.  Hoffman  has  {hewn,  that  they 
rather  belong  thereto,  than  to  the  acid  tribe.  On  the  other  hand,  all  ani¬ 
mal  and  vegetable  fubftances  are,  by  putrefadion,  brought  to  afford  a  perfect 
volatile  alkaline  fait :  the  acrimonious  pungent  vegetables,  and  all  animal  fub¬ 
ftances  afford  it  upon  bare  diftillation  •,  and  fuch  animal  juices  as  are  not  alka¬ 
line,  yet  upon  being  mixed  with  fixed  alkali,  are  fo  changed,  as  immediately 
to  yield  alkaline  exhalations,  and  by  the  adion  of  the  fire,  afford  a  vola¬ 
tile  alkali,  the  other  parts  being  attracted  into  the  fixed  alkali.  Thefe  falts, 
however  produced,  may  by  chemical  treatment  be  rendered  pure,  of  the  fame 
virtues,  and  of  the  fame  form  ;  their  virtues  being  fimilar  to  thofe  of  fixed 
alkalies,  tho*  with  fome  difference.  Thus  volatile  alkalies  ad,  and  are  agi¬ 
tated  fpontaneoufly,  or  by  a  very  fmall  degree  of  heat;  whereas,  fixed 
alkalies,  require  a  much  greater  affiftance  from  fire,  in  order  to  their  a  ding : 
volatile  alkalies  fly  off  the  inftant  they  are  heated  ;  and,  therefore,  do  not 
exert  their  diffolving  power  when  applied  to  heated  bodies  ;  whilft  fixed 
alkalies  fooner  enter  the  bodies  they  diffolve,  when  aflifted  by  heat ;  and  re¬ 
main  conftantly  applied  to  every  fixed  fubjed  they  ad  upon.  But,  when 
volatile  alkalies  are  purpofely  kept  clofe  to  a  fubftance  to  be  diffolved,  a 
moderate  heat  then  increafes,  and  quickens  their  diffolving  power  ;  as  we 
fee  upon  applying  the  volatile  fait  or  urine,  for  inftance,  to  the  warm  fkin, 
and  covering  the  fait  with  a  flicking  plaifter ;  for  thus,  there  foon  ariies 
heat,  pain  and  inflammation  upon  the  fl<in,  followed  by'  an  ulcer,  and  a 
black  efchar:  and,  allowing  for  thefe  differences,  the  adion  of  volatile  al¬ 
kalies  may  be  underflood,  from  the  hiftory  above  given  of  fixed  alkali. 

SEC  T.  VIII. 

Of  acid  Menstruum  s. 

Native,  <ve-  I-\\7  E  have  already  delivered  the  phyfical  marks  of  an  acid,  and 
getable  yy  obferved  that  acids  are  feldom  found  in  a  folid  form  ;  except  in 

scicfs'  the  effential  falts  of  acid  or  auflere  vegetables,  or  in  tartar.  All  acids 

arife  either  from  vegetables  or  fofiils ;  none,  that  I  know  of,  being  found 
peculiar  to  animals.  The  vegetable  acids  are  either  native,  or  produced 
by  fermentation.  The  native  vegetable  acids  feem  to  arife  from  that  juice 
which  plants  attrad  out  of  the  earth,  in  the  way  of  nourifhment:  whence, 
in  this  refped  they  may,  perhaps,  all  be  reduced  to  the  foflil  tribe  ;  efpe- 
cially,  fince  the  fea-plants,  which  have  no  root  growing  at  the  bottom  of 
the  fea,  conflft  of  mere  alkalefcent  parts  ;  and  by  dillillation  afford  a  vola¬ 
tile  unduous  alkali,  according  to  the  obfervations  of  Count  Marfigli  upon 
this  fubjed.  The  native  vegetable  acids  are  very  manifefl  in  fome  plants, 
as  in  forrel,  CrV.  and,  again,  in  the  juices  of  unripe  fruits,  which  grow 
raider  as  they  ripen  ;  and,  in  all  the  juices  of  plants,  upon  the  return  of 
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the  fpring.  In  fome  vegetables  there  is  a  more  latent  acid  ;  particularly  in 
woods,  and  fpices,  as  guaiacnm,  cinnamon,  &c.  where  one  could  not  have 
fufpedted  an  acid,  if  it  did  not  clearly  appear  upon  diftillation.  Nor,  would 
any  one  fufpecft  an  acid  in  balfams  *,.  yet  turpentine  by  diftillation  affords  it 
copioufty.  But  all  thefe  acids  can  fcarce  be  obtained  pure  ;  being  generally 
mixed  with  other  materials  ;  fo  that  their  actions  can  fcarce  be  diftin&ly 
enumerated  :  yet  their  power  appears  by  their  operation  upon  fuitable  fub- 
jedts  ;  as,  when  the  juice  of  oranges,  or  of  lemons  diffolves  and  corrodes 
iron,  copper,  lead,  and  tin,  after  the  manner  of  mineral  acids.  Thefe  fluid, 
acid  vegetable  juices,  are  alfo,  by  another  treatment,  reduced  to  folid  faline 
cryftals  j  viz.  by  being  purified,  infpiffated,  and  fet  to  (hoot;  as  we  remarka¬ 
bly  fee  in  the  juice  of  forrel,  which  thus  affords  a  fait  like  tartar,  and  con¬ 
tains  the  true  native  acid  of  the  plant. 

2.  Fermentation,  alfo,  feems  to  difclofe  or  increafe  the  acid  latent  in  ve-  Fermented 
getables:  thus,  tho*  the  fweet,  ripe  vegetable  juices  feem  to  contain  fTttje,  or  vinous  adds. 
no  acid  •,  for  example,  the  juice  of  ripe  grapes,  honey,  fugar,  &c.  yet  after  hoth  ^uid 
they  are  properly  fermented,  an  acid  is  diredtly  extricated  from  them  ;  as  andfoil<i'' 
remarkably  appears  in  the  wine  made  from  them.  So  again,  there  is  no 

fign  of  acidity  in  malt,  wheat,  &c.  yet,  by  fermentation  they  foon  grow 
acid.  It  is  true,  the  acid  thus  produced,  is  more  fubtile  than  the  native  : 
whence,  we  may  term  it  a  vinous  acid  ;  which  alfo  is  of  two  kinds,  viz.  as 
it  floats  liquid  in  the  wine,  or  (hoots  from  it  in  the  folid  form  of  tartar  to 
the  fides  of  the  calks.  And  thefe  fermented  vinous  acids  have  nearly  the 
fame  properties  with  the  native. 

3.  The  other  vegetable  acids,  produced  by  fermentation,  I  choofe  to  call  Acetout  acidt. 
acetous :  for  all  the  known  wines,  properly  treated  by  a  fecond  fermenta¬ 
tion,  turn  four,  confume  their  own  tartar,  and  thus  become  vinegar,  which 

is  a  ftrong  acid  ;  and  afford  a  large  quantity  of  acid  fpirit  by  diftillation. 

The  ufe  of  this  vinegar  is  fo  great,  and  general,  that,  in  a  manner,  all 
other  menftruums  have  hence  been  called  vinegars  j  and  extraordinary 
folvents  the  vinegars  of  the  philofophers. 

4.  To  thefe  acids  we  may  add,  as  another  kind,  thofe  vegetable  juices  Fermenting 
which,  being  only  half  fermented,  are  in  a  middle  date,  betwixt  the  native  actds' 
and  fermented  acids  ;  and  give  them  the  name  of  the  fermenting  kind : 

which  in  this  ftate,  have  fuch  a  property,  in  their  elaftic  fermenting  part,  as 
is  not  to  be  otherwife  found  in  nature,  as  I  know  of.’  For,  the  gas ,  or  highly 
expanfive  and  explofive  acid  fpirit,  here  produced  in  great  quantity,  being 
received  into  the  noftrils,  from  a  fmall  hole  made  in  the  calk,  will  inftantly 
ftrike  a  man  dead  ;  or  at  leaft,  occafion  a  fudden  apoplexy,  palfy,  ftupor, 
or  vertigo1*,  as  has  been  found  by  fad  experience.  Whence  we  may  have 
a  notion  of  the  more  immediate  caufe  of  drunkennefs,  and  diforders  of  the 
nerves,  from  thence  ariling.  And  hence  we  may  account  for  an  extraor¬ 
dinary  phenomenon  related  by  Cornaro ,  of  himfelf,  in  his  excellent  treatife 
of  fobriety  *,  viz.  ‘  that  in  his  old  age,  he  was  every  year  feized  with  a 
‘  languor  and  faintnefs,  near  the  time  of  vintage  *,  for  which  he  could  find 
‘  no  remedy  ;  fo  that,  at  length,  the  diforder  increafed  to  an  extreme  de- 
*  greet  but,  immediately  upon  drinking  new  wine,  he  recovered  his  ftrength, 
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£  and  Toon  after,  his  former  vigour ;  but  as  the  year  declined,  and  the  wine 
‘  of  that  year  grew  older,  hejrelapfed  and  continued  ill,  till  he  was  again 
4  recruited  by  drinking  new  wine  in  the  autumn.’  Hence,  therefore,  we 
fee  what  an  incredible  effect  the  fermenting  acid  may  have  upon  animals, 
both  to  their  relief  and  prejudice.  And  on  this  account  it  feems  to  be,  that 
the  cholera  morbus  is  often  fo  fuddenly  fatal  viz.  either  from  new  wine  or 
fummer- fruits,  fermenting  in  the  ftomach,  and  inteftines,  and  difeharging 
their  gas  into  the  mufcular  coats  of  thefe  parts,  fo  as  to  occafion  a  terrible 
fpafm  :  to  which  purpofe  there  is  an  extraordinary  account,  in  the  philofo- 
phical  tranfaCtions,  where  that  excellent  anatomift,  M.  St.  Andre ,  accurately 
deferibes  the  cafe  of  a  man,  who  was  opened  after  dying  of  this  diftemper, 
from  drinking  too  freely  of  new  bottled-ale.  And  as  we,‘  hence,  fee  fuch 
an  acid  may  have  a  fingular  effeCt  j  probably  it  may  alfo  aCt  as  an  extraor¬ 
dinary  #rienftruum  in  other  refpeCts.  I  have  fometimes  fufpeCted,  that  this 
furprifing  fpirit  is  fixed  in  tartar  ;  and  coming  to  be  fet  loofe  in  the  diftilla- 
tion  of  that  fubftance,  occafions  fo  violent  an  explofion,  as  to  burft  the 
glaffes  *,  which  is  a  common  accident  in  the  diftillation  of  tartar ;  as  chemifts 
well  know.  It  is  certain  that  bodies  fufFered  to .  remain  in  fermenting  li¬ 
quors,  are  aCted  upon  very  differently  from  what  they  would  be,  if  put  into 
the  fame  liquors  after  fermentation  *,  as  we  fee,  when  recent  plants  are  put 
into  fermenting  wort  *,  whereby  a  liquor  is  obtained,  thro’  which  the  virtues 
of  the  ingredients  are  equably  diftributed,  fo  as  to  aCl  like  an  entire  fubftance; 
or  as  Venice- treacle,  mithridate,  &c.  tho*  compofed  of  numerous  different 
ingredients,  brought  into  an  uniform  mafs  with  honey,  adt  by  the' joint  vir¬ 
tue  of  the  whole. 

Vegetable  5.  Pure  adtive,  attenuated,  and  almofi:  native  acids,  are  alfo  obtained 

adds  by  bum-  from  vegetables  committed  to  the  fire.  Thus,  if  green  wood  be  laid  upon  a 
V!*'  clear  fire,  fo  that  its  ends  may  reach  beyond  the  grate  ;  the  fire  then  adting. 

upon  the  middle  part  of  the  wood,  fufes  the  juices  therein  contained,  and 
drives  them  out  at  the  extremities,  with  a  hiding  noife  and  froth,  in  the 
form  of  water:  this  liquor  being  collected,  is  a  pure  acid,  having  all  the 
properties,  and  the  diffolving  virtues  common  to  acids.  Whence,  we  fee 
why  the  fmoke  of  wood  is  fo  pungent  to  the  eyes  •,  viz.  on  account  of  its 
difeharging  every  way,  into  the  air,  fo  lharp  an  acid,  as  to  enter  the  fub- 
lfance  of  fiefh  or  fifh  expofed  to  this  fmoke  *,  tinge  them  red,  and  preferve 
them  from  putrefying,  or  growing  rancid  :  the  acids,  thus  procured, 'being  like 
thofe  naturally  found  in  many  kinds  of  trees. 

Jiijlilled  6.  Again,  we  find  feveral  particular  acids,  of  a  balfamic  and  oily  kind, 

produced  by  diddling  vegetables  in  clofe  veffels,  both  per  afeenfum  and 
defeenfum.  Thus,  the  dry  chips  of  guaiacum,  juniper,  oak,  &c.  afford  a 
reddifh,  fomewhat  oily,  and  ftrongly  acid  liquor,  of  the  red-herring  fined. 
The  liquor  thus  procured,  may  be  made  ftronger  by  depuration  and  recti¬ 
fication,  fo  as  to  become  a  very  particular  acid  menftruum.  It  has  alfo 
extraordinary  effects  in  the  human  body  •,  where  it  attenuates,  preferves, 
ftimulates,  refills  putrefaction,  and  proves  diuretic  and  fudorific  :  and,  if 
this  acid  fpirit  be  well  purified,  it  admirably  extracts  the  medicinal  virtue  or 
plants  ;  for,  by  its  fingular,  fubtile,  penetrating  acid,  it  heightens  the  virtue 
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of  wHat  it  extracts  and  diffolves.  And  all  thefe  vegetable  acids  will  inti¬ 
mately  diffolve  many  animal,  vegetable,  mineral  and  metallic  bodies  :  they 
diffolve  horn,  bone,  and  the  flefh  of  animals,  by  being  digefted  and  boiled 
therewith;  they  diffolve  (hells  into  a  tranfparent  liquor;  and  ad  upon  all 
the  metals,  except  gold,  filver,  and  quickfilver. 

7.  Chemiftry  has  difcovered  other  acids  in  aid  of  the  former,  and  capable  FoJJil  acids. 
of  diffolving  mercury,  filver,  gold,  and  other  foflils,  which  the  vege¬ 
table  acids  will  not  touch.  The  acids  here  meant  ^re  of  the  foflil  kind, 

and  cannot  eafily  be  digefted  or  fubdued  by  the  bodies  of  animals :  whereas- 
the  vegetable  acids  may,  by  the  powers  of  the  body,  be  fo  changed,  as  to 
lofe  their  acid  nature,  and  become  another  kind  of  fait ;  but  the  known- 
acids,  capable  of  difiolving  gold,  filver  and  mercury,  are  fo  ftrong,  as  ge¬ 
nerally  to  deftroy,  or  prove  alnioft  poifonous  to  animals  ;  except  in  fome- 
few  cafes,  where  putrefaction,  or  an  alkaline  difpofition  runs  high  :  as  when 
alkaline  poifons  are  fwallowed,  or  the  juices  acquire  a  corrofive,  alkaline 
quality  ;  or,  again,  when  the  plague,  or  the  peftilential  fmall-pox  rages. 

8.  The  native  foflil  acids  are  extremely  few,  and  hard  to  find:  for  We  native, 
the  mineral  waters  called  aciduLe>  are  fo  far  from  being  acid,  as  rather  to  and  fixed. 
give  all  the  marks  of  an  alkaline  nature.  But  there  is  often  found  in 
mines,  a  damp  or  vapour,  fmelling  like  a  fulphureous  fuffocating  acid,  and 
giving  other  marks  of  its  acidity  ;  tho’  this  is  feldom  found  alone,  or  in 

a  pure  liquid  form  ;  but,  meeting,  as  it  often  happens,  with  a  folid  body,, 
capable  of  attracting  this  acid,  it  unites  thereto,  and  thus  becomes  fixed  and 
palpable  :  and,  when  extracted  again  from  this  fixed  body,  it  is  manifeft  to 
the  fenfes ;  and  fo  far  as  we  can  diftinguifh,  is,  when  rendered  pure,.,  con- 
ftantly  one  and  the  fame  thing. 

9.  When  this  general  foflil  acid  meets  with  unctuous  fubftances  in'  the  in  fit- 
earth,  it  thus  makes  different  forts  of  fulphur  ;  which  by  burning  in  a  moift  ^-ur' 

air,  afford  the  oleum  fulphuris  per  campanam:  a  liquor,  that  being  diftilled  in 
a  glafs  veflel  in  balneo  Marine  ^  affords  a  confiderable  proportion  of  pure  water 
fupplied  from  the  air,  and  uniting  with  the  acid  fume  arifing  from  the  ful¬ 
phur  in  burning.  After  no  more  water  will  come  over,  there  remains  at  the* 
hottom  of  the  glafs,  a  ponderous,  thick,  cauftic  acid,  in  all  refpects,  per¬ 
fectly  refembling  pure  oil  of  vitriol ;  excepting  only,  that  it  contains  no 
metallic  volatile  part,  which  always,  more  or  lefs,  remains  in  oil  of 
vitriol. 

10.  When  this  fame  uni verfal  acid  enters  lime-ftone,  it  concretes  there-  In  alu#' 
with,  and  conftitutes  alum  of  a  different  kind,  according  as  different  matters 

are  mixed  with  the  ftone  ;  tho7  all  the  kinds,  being  firft  gently  calcined, 
and  then  diftilled  with  a  violent  fire,  afford  a  vapour  which  condenfes  to 'a 
liquor,  that,  when  perfectly  rectified,  is  the  fame,  without  any  confiderable 
difference,  as  the  former,  obtained  from  fulphur  burnt  under  the  bell. 

11.  So  again,  if  native  green  vitriol  be  calcined,  with  a  gentle  heat,  to  a  In  'vitriol 
white  powder,  and  diftilled  with  degrees  of  fire  up  to  the  higheft,  it  affords 

a  white  fum£,  *Which  condenfes  to  an  acid  liquor,  that  when  perfectly  recti¬ 
fied,  is  th&fame  with  thofe  obtained  from  fulphur  and  alum.  And,  blue 
vitriol,  treated  in  the  fame  manner,  alfo  affords  an  acid  liquor,  which  when 
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perfectly  rectified,  is  not  to  be  diftinguifhed  from  the  former  :  and,  if  the 
acid  liquors  thus  procured,  be  boiled  with  the  heat  of  five  hundred  and 
fixty  degrees,  thev  rife  and  difperfe  into  white  cloudy  fumes,  which  fpread 
wide  in  the  air,  and  thus  prefently  kill  all  the  known  animals  and  infe&s. 
And,  if  taken  into  the  lungs  of  men,  they  foon  raife  a  violent  coughing 
that  cannot  ;be  flopped,  thus  bringing  on  a  difficulty  of  breathing,  fuffoca- 
tion,  and  fudden  death  ;  or,  elfe,  an  incurable  afthma  for  life.  The  oils  of 
fulphur,  alum,  and  both  the  vitriols,  produce  the  fame  effedt,  when  boiled 
or  rarified  into  vapour  by  heat :  and  any  of  thefe  acids,  being  united  to  a 
fat  oil,  make  fulphur  *  to  a  calcarious  earth,  alum  ;  to  iron,  copperas ;  and 
to  copper,  the  blue  vitriol.  For  thefe  reafons,  therefore,  we  judge,  that 
one  and  the  fame  ponderous  acid,  conftantly  exifts  native  and  pure  among 
the  foflils. 

Properties  of  12.  The  properties  of  this  foflil  acid  are  the  following:  viz.  (i.)  It  is, 
the  fojfl  acid.  jn  its  own  nature,  the  moft  ponderous  of  all  acids-,  being  as  n,  when  fpi- 
rits  of  nitre  and  aquafortis  are  9  ;  fpirit  of  fait  8  ;  and  diftilled  vinegar  a- 
bout  7  {a).  (2.)  It  is  the  moft  fixed  of  all  acids,  fo  as  to  afford  none  of  its 

own  acid  fume  with  the  heat  of  boiling  water,  and  to  require  a  heat  of  above 
560  degrees  to  make  it  boil  perfectly  upon  which  ft  immediately  fends  out 
noxious  acid  fumes.  (3.)  This  acid,  being  redlified  or  purified  from  all  its 
water,  becomes  highly  corrofive,  ftrong  and  ponderous,  and  fo  attractive  of 
water,  as  to  imbibe  it  from  the  air,  and  thus  increafe  its  own  weight.  (4.) 
When  well  rectified,  it  inftantly  conceives  a  great  degree  of  heat  upon  mix¬ 
ing  with  cold  water.  (5.)  It  produces  fuch  a  change  upon  fea-falt,  fal-gem 
and  nitre,  as,  by  means  of  diftillation,  to  make  them  rife  in  the  form  of  the 
fpirit  of  fait,  or  fpirit  of  nitre  and,  when  poured  upon  many  other  bodies 
diflolved  by  acid  fpirits,  it  immediately  releafes  them  from  their  acid  Ad¬ 
vents,  ftrikes  them  out,  renders  them  volatile,  and  often  fubftitutes  it  felf 
in  their  ftead.  And  hence,  if  alum  or  vitriol  be  calcined  and  mixed  with  ni¬ 
tre,  they  afford  an  a  qua- fort  is  ;  or,  with  fea-falt,  a  fpirit  of  fea-falt :  for  the 
ftronger  fixed  acid  of  vitriol  lies  concealed  in  thefe  fubftances,  after  calcina¬ 
tion,  and  could  not  be  thrown  off  by  the  calcining  heat :  and  this  ftrong 
acid  coming  to  mix  with  the  nitre,  occafions  a  pure  fpirit  of  nitre,  or  aqua - 
fortis  to  rife,  in  which  there  is  no  oil  of  vitriol  contained  ;  whilft  the  acid, 
left  behind  in  the  calcined  vitriol,  remains  at  the  bottom,  along  with  part  of 
the  nitre,  and  thus  makes  a  fixed  fait  like  tartarum  vitriolatum.  And  the 
fame  is  to  be  underftood  of  fea-falt.  (6.)  It  readily  diffolves  iron,  copper 
with  more  difficulty,  filver  fcarce  at  all,  but  quickfilver  with  560  degrees  of 
heat:  it  neither  diffolves  lead  nor  tin.  (j.)  In  other  refpe&s,  this  acid  has 
the  fame  properties  with  other  acids  ;  and  has  this  in  common  with  fome  of 
them,  that  it  perfectly  diffolves  camphire  into  a  fluid  oil  ;  which  by  pouring 
a  large  proportion  of  water  to  it,  becomes  true  camphire  again. 

13.  Another  foflil  acid  is  obtained  from  nitre,  and  has  never  been  found 
native,  even  in  the  fmalleft  degree;  but  is  always  produced  from  nitre  : 
which  being  mixed  with  thrice  its  weight  of  bole,  brick-duft;  or  the  like, 
and  diftilled  with  a  ftrong  fire ;  a  large  part  of  it  is  thus  raifed  in  a  red 

fume. 


7he  acid  of 

nitre. 


(a)  See  Me moir.de  T Acad.  Roy.  de  Scien.  Ann.  1699.  p.  47. 
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fume,  which  condenfing  to  a  liquor,  is  called  by  the  name  of  fpirit  of  nitre. 

Or,  if  dry  nitre  be  diftilled  with  an  equal  quantity  of  oil  of  vitriol*,  in  a  fand- 
heat,  with  all  the  degrees  of  fire,  a  like  fpirit  of  nitre,  thus  alfo,  comes  over 
in  red  fumes.  Again,  if  this  fame  nitre  be  ground  with  an  equal  quantity 
of  colcothar  of  vitriol,  or  burnt  alum,  and  then  diftilled  in  a  ftrong  fire, 
it  aftords  the  fame  red  fumes,  which  condenfe  into  a  good  fpirit  of  nitre, 
called  aqua  finis  by  the  refiners.  And,  however  this  fpirit  is  prepared,  it 
will  be  found  the  fame  in  all  refpetfts  ;  fcarce  any  experiment  being  able  to 
fhew  the  difference.  This  fpirit  of  nitre  has  thefe  peculiar  properties,  that 
it  rifes  in  red  fumes  ;  and  diffolves  filver  into  extremely  bitter,  cauftic  cry- 
ftals  :  this  folution,  being  in  a  manner  peculiar  to  fpirit  of  nitre,  and  fcarce 
to  be  made  by  any  bther  acid,  for  pure  oil  of  vitriol  performs  it  with  diffi¬ 
culty.  It  alfo  diffolves  mercury,  lead,  and  copper  j  but  fcarce  diffolves  tin, 
and  will  not  touch  gold.  When  this  acid  is  intimately  mixed  with  the 
metals  it  diffolves,  it  ftrongly  adheres  thereto,  fo  as  not  to  quit  them  in  a 
confiderable  fire  :  as  we  fee,  when  filver  is  fo  diffolved,  which  thus  makes 
lapis  inf ernalis  ;  a  fubftance  capable  of  being  fufed  in  the  fire,  without  quit¬ 
ting  the  acid  menftruum.  So,  likewife,  the  red  precipitate  of  mercury, 
when  properly  made,  long  refills  an  intenfe  fire,  without  letting  go  the 
acid  folvent. 

14.  When  fea-falt  is  perfe&ly  pure,  it  affords  no  fign  of  its  containing  The  add  of 
an  acid  ;  and  the  fame  holds  alfo  of  nitre  j  like  which,  by  the  treatment  fea-falt . 
mentioned  above,  it  is  changed  into  a  fluid,  volatile  acid  :  for,  if  mixed  with 

thrice  its  weight  of  earth,  to  hinder  it  from  melting  ;  and  diftilled  by  de¬ 
grees  of  fire,  it  rifes  in  white,  thick,  volatile,  diffulive  clouds  ;  which  con¬ 
denfe  to  a  liquor  of  a  green,  or  gold  colour  :  and,  if  diftilled  with  oil  of 
vitriol,  this  liquor  is  more  volatile ;  but  in  other  refpedls,  the  fame.  And 
whatever  method  it  be  obtained  by,  there  is  no  confiderable  difference  to  be 
found  in  it ;  even,  tho’  fal-gem,  or  fpring-falt,  be  ufed  for  the  purpofe. 

The  fpirit  fo  prepared  from  pure  fait,  conftantly  rifes  in  white  fumes  ;  and 
is  a  folvent  for  gold,  which  no  other  acid  in  nature  will  penetrate.  It  alfo 
diffolves  tinf^J,  mercury,  iron,  and  copper  *,  but  not  filver,  nor  lead  totally  : 
whence,  we  fee  it  is  a  peculiar  kind  of  acid. 

15.  Hence  it  appears,  that  pure  fpirit  of  nitre,  and  pure  fpirit  of  fait,  are  Aqua  regia? 
two  very  different  liquors  *,  which,  however,  nearly  approach  to  each  other, 

and  may  eafily  be  changed,  the  one  into  the  other :  'a  particular,  well 
deferving  to  be  regarded  in  the  hiftory  of  menftruums.  Thus,  if  fpirit  of 
nitre  be  drawn  off  from  perfectly  purified  nitre,  in  a  glafs-retort ;  the  fpirit 
of  nitre  is  meliorated  thereby,  and  after  every  fuch  operation,  becomes  fitter 
for  all  the  purpofes  of  fpirit  of  nitre:  but,  if  the  nitre  here  employed,  be 
not  perfectly  freed  from  all  fea-falt,  the  fpirit  of  nitre  fo  treated,  lofes  its 
nature,  will  not  diffolve  filver,  but  becomes  a  kind  of  fpirit  of  fea-falt,  or 
aqua  regia ,  and  diffolves  gold.  And  by  carefully  confidering  this  facft,  it  will 
appear  to  be  owing  to  fome  nitre  remaining  in  the  fea-falt,  and  mixing  with 
the  fpirit  upon  diftillation  *,  whence,  a  true  aqua  regia  is  thus  formed  :  as 
-may  farther  appear  by  the  following  experiment.  Take  one  part  of  pure,. 

dry, 

(b)  Boyle,  Scept .  Chtm.  p.  177. 
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dry,  decrepitated  Tea- fait  reduced  to  fine  powder,  put  it  into  a  clean  retort, 
and  add- thereto  four  parts  of  fpirit  of  nitre,  or  good  aqua-fort  is ,  diftil  to 
perfect  dry  nefs  in  a  fand-heat,  and  you  will  find  the  acid  fpirit,  in  the  recei¬ 
ver,  will  be  an  aqua-regia ,  and  not  an  aqua-fort  is  •,  as  diflolving  gold,  but 
not  touching  filver.  And  upon  examining  the  fait  that  remains  at  the  bot- 
.tom  of  the  retort,  we  fhall  find  it,  after  folution,  purification  and  crystalliza¬ 
tion,  to  be  a  true  and  perfect  nitre  ( c ).  Again,  take  one  part  of  perfectly 
purified  nitre,  and  two  parts  of  the  belt  fpirit  of  fait,  diftil  them  in  the  fame 
manner,  and  a  fpirit  will  come  over,  that  difiolves  gold  much  quicker  and 
eafier  than  the  fpirit  of  fea-falt  ufually  does  ;  and  if  the  dry  fait,  remaining 
at  the  bottom  of  the  retort,  be  diffolved  in  water,  filtred  and  cryftallized,  it 
here  alfo  becomes  true  and  perfeft  nitre  (d).  Whence  we  fee,  that  aqua¬ 
fortis  becomes  an  aqua-regia ,  upon  the  mixing  of  fpirit  of  nitre  and  fpirit  of 
fea-falt  together,  in  any  manner,  and  almoft  any  proportion.  And  even  if 
aquafortis  be  mixed  with  a  little  fal-ammoniac,  fal-gem,  fea-falt,  fpirit  of 
fait, -or  other  falts  containing  thefe,  it  prefently  becomes  an  aqua-regia. 

1 6.  -From  this  hiftory  of  acids  we  obferve,  (i.)  That  acids  may  eafily 
be  produced  from  fubftances  that  are  not  acid  *,  as  we  faw  above  in  the  pro¬ 
duction  of  vegetable  acids.  And  thus  fome  excellent  wine,  that  was  not  a- 
cid,  being  well  bottled,  and  fixed  to  the  fail  of  a  wind-mill  in  motion,  tur¬ 
ned  to  vinegar  in  three  days  time,  according  to  the  obfervation  of  M.  Hom- 
berg  (e).  (2.)  That,  however,  acids  once  produced,  and  long  expofed  to  the 
fire,  are  fcarce  afterwards  changed.  Thus  aquafortis ,  aqua-regia ,  fpirit  of 
nitre,  fpirit  of  fait,  and  oil  of  vitriol,  being  hermetically  fealedup  in  glafles, 
and  digefted  for  four  years,  with  the  uniform  heat  of  an  athanor,  retained  the 
fame  diflolving  power ;  whilft  only  vinegar  became  infipid,  and  acquired  a 
fpicy  odour  :  but  the  fpirit  of  fait  had,  in  this  time,  begun  to  diftolve  itscon- 
taining  glafs.  (3.)  Thefe  acids  lofe  their  acidity,  in  afting  as  menftruums  upon 
the  bodies  they  diftolve  ;  as  M.  Homberg  infers,  from  a  curious  experiment 
made  upon  quickfilver  and  fpirit  of  nitre  (/ ).  Whence  it  appears,  that  the 
ftrongeft  acid  menftruum,  by  diftolving  its  proper  fubjeft,  is  changed  into  an 
infipid,  unaftive  matter,  no  longer  retaining  the  peculiar  diftolving  power 
it  had  before  *,  but  thus  becoming  water,  phlegm,  or  fome  aqueous  li¬ 
quor  :  whence,  the  folvent  is  truely  changed,  and  the  power  of  diftolving 
loft  in  the  aft  of  folution.  Hence,  it  is  not  improbable,  that  thefe  acids 
are  generated  and  deftroyed  ;  for  no  fpirit  of  nitre  hath  ever  been  found 
native,  but  is  always  produced  from  nitre  already  formed.  Now  this  nitre  is 
generated  in  earth  abounding  with  the  excrementitious  parts  of  animals,  lime, 
alkali,  and  air  *,  or  from  fpirit  of  nitre,  attrafted  by  pure  fixed  alkali ;  or  laftly, 
from  fertile,  rich  earth,  defended  againft  rain,  and  not  wafted  in  the  pro- 
^duftion  of  vegetables  (g).  Whence,  it  appears  that  the  acid  fpirit  of  nitre 
arifes  only  from  pure  nitre  changed  by  the  ixre  ;  and  that  native  nitre  is  pro¬ 
duced 


(c) *  Seedu  Hamel,  Hijl.  Acad.  Reg.  Sc.  p. 
X58.  Boyle,  Orig.  Form.  p.  2 1 5. 

(d)  See  Boyle,  ubi  fupra,  f>.  215 - 224. 

Bohn.  Ghent.  p.  35,  36,  163.  Hofm.  Qbf, 

Ghent.  L.  Ill,  Qbf.  20. 


(f)  Hifl.  de  V  Acad.  Roy.  de  Sc,  Vol.  II.  p.  1 1 . 
(/)  Ibid.  p.  442,  443. 

(g)  Mem.  de  f  Acad.  Roy.de  Scitn,  Vol.  I. 
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•  duced,  without  requiring  a  previous  produdion  of  this  fpirit.  (4.)  There¬ 
fore,  thefe  acids,  in  diffolving  bodies,  concrete  therewith;  and  are  changed 
or  converted  into  new  fubftances  :  and  thus  numerous,  different  bodies  arife 
from  one ;  for  fpirit  of  nitre  diffolves  filver,  lead,  copper,  mercury,  anti¬ 
mony,  zink,  emery,  &c.  and  with  each  of  them  conftantly  generates  new 
fubftances,  in  all  their  fenfible  properties  and  effects,  as  Mr.  Boyle  has  fhewn, 
in  treating  of  the  mechanical  origin  of  qualities.  (5.)  All  thefe  acids  agree 
in  fome  refpeds,  but  differ  in  others. 

17.  Acids  agree,  (1.)  In  uniting  with  alkalies,  making  effervefcences  there-  The  agreement 
with,  and  producing  new  kinds  of  falts.  (2.)  They  alfo  agree  in  combin-  °f acids' 
ing  with  chalk,  coral,  crabs-eyes,  pearl,  mother-of-pearl,  fhells,  horn,  bone, 
quick- lime,  iron,  copper,  &c.  all  which  are  diflolved  quicker  or  flower  by 
every  acid  ;  the  bodies  fo  diffolved,  conftantly  attrading  the  acid  of  the  fol- 
vent,  from  the  water  in  which  it  was  diluted  ;  the  diffolved  matter  being 
thus  united  to  the  acid  fait,  and  rendered  of  a  faline  nature,  fo  as  to  join 
with  water ;  whilft  the  acid  adheres  to  the  matter,  which  would  not  other- 
wife  diffolve  in  water.  But,  when  the  acid  folvent  is  feparated  from  the 
diffolved  matter  ;  this  always  appears  in  the  form  of  earth,  and  will  not 
diffolve  in  water.  Hence,  therefore,  we  may  eafily  be  impofed  upon  in  the 
judgment  we  form  of  water,  and  take  that  for  pure  element  which  has 
been  employed  in  certain  operations,  and  holds  numerous  diffolved  and  dif- 
folving  particles  :  and  hence  bodies  are  often  fuppofed  to  be  produced  from 
fimple  water,  whilft,  in  reality,  their  origin  is  owing  to  fome  diffolving  or 
diffolvable  particles  it  contains.  And  this  may  happen  the  more  eafily,  as 
acids  in  general,  when  united  to,  and  faturated  with  all  the  bodies  above- 
mentioned,  except  metals,  lofe  all  their  acrimony,  and  almoft  all  their  tafte, 
fo  as  to  pafs  without  being  difeovered.  Thus,  for  inftance,  if  fpirit  of  nitre 
be  perfectly  faturated  with  crabs-eyes  ;  this  folution  will  prove  a  limpid,  and 
almoft  infipid  liquor  ;  and  when  diluted  with  fair  water,  filtred  and  kept  for 
fome  time  in  a  gentle  heat,  it  might  pafs  for  water  it  felf ;  but,  upon  adding 
fixed  alkali  thereto,  the  crabs-eyes  before  diffolved  will  foon  fall  to  the  bot¬ 
tom,  and  fhew  that  fuch  a  folution  was  not  water.  (3.)  Thefe  acids  alfo  a- 
gree  in  this,  that  in  diffolving  their  refpedive  fubjeds,  they  not  only  con¬ 
crete  with  what  they  diffolve,  but  alfo  have  their  own  nature  changed  there¬ 
by.  Thus  we  learn  from  experiments,  that  even  the  ftrongeft  acids,  by 
ading  as  menftruums,  are  changed  by  the  bodies  aded  upon  ;  and  not  only 
lofe  their  acidity,  but  their  diffolving  power.  So,  for  example,  when  fpirit 
of  nitre  diffolves  mercury,  till  faturated  therewith,  the  liquor  drawn  off  is  fo 
changed  thereby,  as  to  be  able  to  diffolve  no  more.  ( 4.)  It  is  alfo  a  common 
property  of  acids,  to  change  the  colour  of  vegetable  juices,  or  to  turn  them 
red;  as  we  fee  in  the  juice  of  violets,  rofes,  turnfol,  &V.  (5.)  They  all  a- 
gree  in  this,  that  they  do  not  fo  much  change  the  bodies  they  diffolve,  as 
they  are  changed  by  them  ;  which  appears  in  numerous  inftances.  Thus  vine¬ 
gar  does  not  remain  vinegar  in  the  lead  it  has  diffolved ;  nor  is  feparated 
from  it  again  in  the  form  of  vinegar:  whereas  the  lead,  upon  redudion, 
turns  to  lead  again.  When  fpirit  of  nitre  diffolves  mercury,  the  mercury  may 
thence  be  recovered  perfed ;  but  the  fpirit  of  nitre,  feparated  from  it,  is  no 

B  b  b  b  longer 


55+ 


Their  diffe- 
rentes. 


The  Theory  of  Chemistry. 

longer  the  thing  it  was  before  :  ’tis  therefore  common  to  them  all,  that  ma-  * 
ny  of  their  acid  parts  are  conftantly  loft  in  the  a 61  of  diflblving. 

'  1 8.  Thefe  acids,  however,  differ  confiderably  from  one  another;  viz. 
(i.)  In  the  quantity  of  true  acid,  with  refped  to  the  water  they  contain  r 
thus,  an  ounce  of  the  beft  vinegar  holds  but  eighteen  grains  of  true  acid,  the 
reft  being  water  ;  an  ounce  of  fpirit  of  fait  holds  73  grains  of  true  acid,  and 
the  reft  is  water  ;  an  ounce  of  fpirit  of  nitre  affords  2  drams,  and  23  grains 
of  acid,  and  the  reft  is  water  ;  an  ounce  of  oil  of  vitriol  affords  4  drams  and 
65  grains  of  acid,  the  reft  being  water  ;  according  to  the  obfervations  of  M. 
Homberg  (g).  (2.)  The  feveral  fpecies  of  pure  acids  differ  greatly  as  to  the 

degrees  of  their  folvent  power.  Spirit  of  nitre  fcarce  touches  gold,  with  a 
boiling  heat,  or  only  renders  it  black  ;  but  prefently  diffolves  filver,  whilft 
aqua-regia  has  the  contrary  effed  :  whence  it  is  plain,  that  the  acid  here  does 
not  ad  in  virtue  of  being  an  acid,  but  as  a  particular  body.  (3.)  Thefe  a- 
cids  alio  differ  again  in  this,  that  fome  of  them  are  changed  in  a  different 
manner,  or  into  a  new  fubftance,  upon  diffolving  their  folvends  ;  fome  being* 
thus  changed  more,  and  others  lefs.  The  fpirit  of  vinegar,  by  diffolving 
lead,  becomes  thick  and  unduous ;  but  fpirit  of  nitre  is  not  fo  much  changed 
by  diffolving  the  fame.  (4.)  One  and  the  fame  acid  is  greatly  changed  by 
ading  upon  fome  fubjeds,  and  little  by  ading  upon  others.  Spirit  of  vine¬ 
gar,  we  juft  now  obferved,  is  confiderably  changed  by  ading  upon  lead  ;  but 
by  diffolving  iron  quite  lofes  its  own  nature,  fo  as  never  to  recover  it  ;  tho* 
by  diflblving  copper  into  a  green  liquor,  whence  cryftals  of  verdigreafe  are 
obtained  ;  thefe  cryftals  contain  a  ftrong  vinegar,  feparable  from  them  by 
diftillation  with  little  change,  tho*  it  adhered  ftrongly  to  the  copper. 
Whence  we  fee,  how  great  a  difference  may  happen  to  an  acid  in  different 
metals;  which  alfo  holds  of  other  fubjeds.  (5.)  All  acids  maybe  diluted 
with  water,  and  united  with  fpirits  and  oils  :  thus,  fpirit  of  nitre  unites  with 
alcohol,  tho’  not  without  conceiving  great  heat,  difcharging  red  fumes,  and 
making  a  ftrong  and  almoft  fiery  effervefcence ;  the  fame  fpirit  of  nitre, 
upon  uniting  with  oils,  generally  raifes  a  violent  heat,  and  fometimes  a 
motion  produdive  of  fire  and  flame.  Oil  of  vitriol  alfo  produces  great  heat 
Upon  mixing  with  alcohol.  And  when  acids  unite  with  oils,  a  bituminous, 
pitchy,  or  fulphureous  matter  is  commonly  produced ;  whence  furprizing 
changes  are  made.  And  thus  we  finifti  our  account  of  acid  menftruums, 
with  regard  to  their  ading  ;  and  fhall  next  proceed  to  neutral  falls. 

/  <ift  ,vjtd 
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x.TJY  neutral  falts  we  here  underftand  fuch  as  are  neither  acid  nor  alka-  The di/olvin* 

1J  line,  but  feem  to  be  a  faturated  mixture  of  the  two.  And  firft,  comes  t°wer  °f  fal~ 
common  fal-ammeniac  %  which  eafily  diflfolves  in  water  \  and  runs  per  deli-  ammntac* 
quium  in  a  moift  air,  fo  as  thus  to  make  an  extremely  pungent,  penetrating 
liquor,  capable  of  diflolving  grofs,  gelatinous,  pituitous,  and  gummy  con¬ 
cretions  in  the  bodies  of  animals  $  being  not  only  admirably  attenuating,  re¬ 
viving  and  inciding ;  but  alfo  fudorifk,  diuretic,  and  Simulating  to  the  fali- 
val  glands  ;  and  at  the  fame  time  greatly  preventive  ■  of  putrefadion.  So 
likewife,  when  this  folution  of  fahammoniae  is  boiled,  or  digefted,  with 
gummy  or  refinous  vegetables,  it  refolves  them  intimately,  and  thus  difpofes 
them  to  diffolve  in  aqueous  or  fpirituous  menftruums,  It  has  likewife  admi«, 
rable  effeds  upon  metals.  Thus  iron-filings,  by  being  boiled  therein,  are 
excellently  diliblved  and  turned  into  an  admirable,  aperient  and  invigorating 
medicine.  Being  digefted  with  filings  of  copper,  it  produces  a  beautiful  blue 
liquor ;  a  few  drops  whereof  being  taken  upon  an  empty  ftomach,  often 
prove  good  in  cafe  of  worms  and  epileptic  fits.  This  brine  offal-ammoniac  is 
therefore  an  excellent  menftruum,  not  only  for  animal  and  vegetable  fubjeds, 
but  alfo  for  minerals. 

2.  The  pure  dry  fait  being  fublimed  into  flowers,  and  then  very  well 
ground  and  mixed  with  fofiils,  and  fublimed  together  with  them  in  clofe  vef- 
fels,  produces  very  extraordinary  effeds  as  a  menftruum ;  whence  it  has 
been  called  by  the  alchemifts  the  white  eagle,  or  the  philofophical  peftil.  If 
fulphureous  bodies,  metals,  or  femi-metals,  be  treated  in  this  manner,  they 
are  thus  attenuated,  opened,  volatilized,  and  perfedly  changed.  Whence 
moft  excellent  remedies  are  in  this  manner  prepared,  and  fcarce  fo  well  in 
any  other  $  as  we  fee  in  making  the  flowers  of  lapis  Heematitis ,  ens  Veneris , 
ens  Martis,,  &c.  The  changes  of  colour  produced  in  antimony,  by  being 
fublimed  herewith,  are  very  extraordinary  :  and  many  of  the  antient  che- 
mifts  have  called  this  fait,  the  key  for  unlocking  the  fecrets  of  nature.  It 
has  this  excellent  property,  that  it  is  fcarce  changed  in  fublimation,  except 
by  the  bodies  it  is  mixed  with.  When  added  to  aqua-forlis ,  or  fpirit  of  ni¬ 
tre,  it  prefently  turns  them  into  aqua-regia.  With  fixed  alkaline  falts  it  foon 
changes,  partly  into  a  pure  volatile  alkali,  which  diredly  ads  as  fuch,  and 
partly  into  a  new  fait,  refembling  fea-falt,  A  fatuiated  mixture  of  the 
{pint  of  fea-falt,  and  a  pure  volatile  alkaline  fpirit,  immediately  produces 
fid-ammoniac  ;  which  may  alfo  be  made  by  fubliming  a  mixture  of  fea-falt, 
urine,  and  foot:  whence  it  feems  to  be  a  femi- volatile  fea-falt:  fo  that  its 
power,  as  a  menftruum,  chiefly  refembles  that  of  fea-falt.  And  on  this  ac¬ 
count,  it  cannot  be  more  improved  than  by  being  feveral  times  fublimed 
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from  pure,  dry,  decrepitated  fea-falt,  in  clofe  veflels  ;  which  is  the  beft  me-- 
thod  of  obtaining  the  flowers  of  fal-ammoniac. 

3.  Though  fea-falt,  fal-gem,  and  fpring- fait,  differ  in  their  origin,  yet 
they  are  of  one  and  the  lame  kind,  and  may  all  be  here  confidered  under  the 
head  of  fea-falt;  which,  by  means*  of  the  fea  falt-fprings,  and  falt-mines,  is 
diftributed  over  all  parts  of  the  earth,  as  the  univerfal  prefervative  againft 
putrefaction.  This  fait  eaftly  diflolves  in  water,  and  runs  per  deliquium  in  a 
moift  air,  fo  as  to  make  a  brine,  or  an  excellent  menftruum,.  producing 
nearly  the  fame  effects  in  chemiftry,  as  the  above-mentioned  brine  of  fal- 
ammoniac  ;  and  therefore  may  be  ufed  for  all  the  fame  purpofes. 

4.  Sea-falt  decrepitates  over  the  fire,  and  being  afterwards  reduced  to  fine 
powder,  in  a  warm  dry  mortar,  it  may  be  melted  in  the  fire;  where  it  readily 
pafles  thro*  the  pores  of  the  crucible,  and  vanifhes.  If  femi- metals,  on  me¬ 
tallic  foflils,  are  mixed  with  this  fait  in  fufion,  great  and  peculiar  changes  are 
thus  produced.  I  mixt  eight  ounces  of  moift,  undecrepitated  fea-falt,  with 
two  ounces  of  powdered  antimony  ;  and,  after  long  grinding  them  together, 

I  put  the  mixture  into  a  crucible,  and  covering  it  with  another  crucible,  I 
fattened  them  together  with  a  ftrong  luting  ;  then  fetting  them  in  a  reverbe¬ 
rating  furnace  for  twenty-four  hours,  and  increafing  the  fire  at  laft  to  make 
the  fait  run,  I  found,  upon  opening  the  veflel,  a  dufky  mafs,  with  white 
fpicula  riling  on  the  top  ;  then  reducing  the  whole  to  powder,-  I  treated  it  as 
before,  and 'obtained  a  ruddy  mafs,  with  the  more  metallic  part  at  the  bot¬ 
tom  :  and,  upon  repeating  the  procefs,  and  ufing  a  ftrong  fire  of  fufion,  al»- 
moft  all  the  fait  pafled  thro*  the  pores  of  the  veflel ;  leaving  at  the  bottom  a 
ruddy  mafs  of  antimony  furprizingly  changed  :  where  we  fee,  by  an  exam¬ 
ple,  how  this  fait  may  a£l  as  a  dry  menftruum,  by  means  of  fire. 

5.  This  fait  may  be  ufed,  on  many  occafions,  with  a  much  greater  effedt 
than  any  other  fait;  and  therefore  is  ufually  applied,  in  a  dry  form,  mixed 
with  brick-duft,  in  the  bufinefs  of  cementations,  in  order  to  introduce  ex¬ 
traordinary  changes  as  to  the  exaltation,  feparation  and  ripening  of  metals  ;* 
which  fubjedt  is  largely  treated  of  by  Paracelfus ,  and  verified  by  others.  In 
this  operation  we  are  to  obferve,  that  the  dry  fea-falt,  here  mixed  with  the 
brick-duft,  turns  to  a  volatile  acid  fpirit,  refembling  aqua~regia ,  and  adting 
like  that  upon  metals,  fo  as  to  produce  particular  effedts  ;  and  when,  by  this 
means,  the  fea-falt  is  turned  to  a  fpirit,  and  feveral  times  returned  back  up¬ 
on  a  pure,  dry,  decrepitated  fait,  a  furprizing  particular  folvent  is  thus  ob-  * 
tained  from  the  fea  fait :  and,  to  this  purpofe,  I  fhall  here  relate  a  laborious 
experiment. 

6.  To  two  pounds  of  fpirit  of  fea-falt,  I  added,  by  degrees,  as  much  pure, 
dry  fea-falt,  in  fine  powder,  as  the  fpirit  would  take  up  ;  then  purifying  the 
liquor  by  reft  and  {training,  I  put  it  into  a  tall,  chemical  phial ;  and  invert¬ 
ing  another  of  a  fmaller  kind  thereon,  I  carefully  cemented  them  together  ; 
then  expofed  the  matter  to  the  heat  of  the  fun,  from  the  tenth  of  May,  to 
the  tenth  of  July.  After  this,  I  diftilled  it  in  a  retort,  with  a  gentle  fire,  till 
a  thick  liquor,  appearing  like  oil,  and  containing  hard  cryftals  of  fea-falt,  re¬ 
mained  at  the  bottom.  What  was  diftilled  over,  I  now  poured  back,  and 
drew  off  a-frefh  ;  repeating  this  operation  thrice :  then  found  the  fait  re¬ 
maining 
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maining  at  the  bottom  was  fpongy,  fat  and  oily.  After  this,  I  repeated  the 
operation  twenty  times,  and  again  poured  back  the  liquor  JaG  diGilled,  and 
left  them  mixed  together  for  five  months  ;  then,  with  a  gentle  fire,  I' drew 
off  an  almoG  infipid  phlegm,  till  the  acid  fpirit  began  to  rife;  when,  changing 
the  receiver,  and  diftilling  with  a  ftronger  fire,  I  obtained  an  extremely 
Grong,  acid,  ponderous  oil  of  fait,  which  I  kept  feparate,  and  obferved, 
that  the  fait  remaining  at  the  bottom  of  the  retort,  after  all  thefe  diGillations, 
was  extremely  acid,  and  confiderably  fixed.  I  put  this  fait  in  a  glafs-difh, 
and  expofed  it  to  the  air  of  a  cellar,  where  it  run  per  deliquium ,  into  a  liquor  ; 
which  being  purified  by  Graining,,  and  united  again  to  the  phlegm,  fpirit  and 
oil  of  fait  before  drawn  over,  I  thus  at  length,  by  a  new  diftillation,  ob¬ 
tained  a  menGruum  of  fuch  efficacy,  as  made  me  not  repent  of  my  labour  [h). 

This  procefs  I  performed,  in  order  to  difcover  what  truth  there  was  in  the 
account  Paracelfus  gives  of  it.  Mr.  Boyle ,  by  means  of  a  particular,  long- 
continued.  digeGion,  obtained  a  fpirit  without  phlegm,  and  rifing  before  the 
phlegm,  from  fea-falt  by  it  felf ;  and  this  with  the  moderate  heat  of  a  fand- 
furnacefV).  Sea-falt  being  difiolved,  Grained,  purified,  and  cryfiallized,  af¬ 
fords  a  ninth  part  of  a  faline  fubGance,  having  a  bitter  auGere  taGe,  and  not 
Giooting  into  cryfials  ;  and  this  part  being  taken  from  it,  the  fait  becomes 
the  purer  (k);  Thefe  particulars  being  confidered,  it  is  no  wonder  that  con- 
fiderable  chemiGs  have  attributed  fuch  great  virtues' to  fea-falt  chemically  pre¬ 
pared  and  this  both  in  the  way  of  a  menGruum  and  a  medicine:  the  me¬ 
thod  of  preparing  it  for  which  purpofes,  may  hence  be  learnt. 

7.  The  common  nitre,  being  produced  from  animal,  alkaline  and  calcari-  Wire  as  a 
ous  fubGances,  is  eafily  turned  to  fixed  alkali,  and  a  volatile  acid.  It  alfo  m enjlruum , 
appears  of  a  particular  nature,  when  applied  to  bodies  as  a  menGruum  ;  and 

its  operations  are  here  fo  intricate,  as  fometimes  fcarcely  to  be  explained,  on 
account  chiefly  that  the  fubjed  is  extremely  changeable  by  fire,  and  other 
things.  When  expofed  to  the  fire,  in  a  pure  and  dry  Gate,  it  there  foon 
flows  with  certain  bodies,  like  water  •,  and  thence  furprizingly  promotes  their 
melting,  though  otherwife  of  difficult  fufion ;  and  thus  attenuates,  divides, 
and  intermixes  their  parts,  even  whilG  it  ads  upon  them  in  no  other  re- 
fped :  whence  it  comes  to  be  ufed  in  metallurgy,  as  a  flux  for  metals. 

8.  But  if  the  matter  thus  mixed  with  the  nitre,  contains  any  thing  oily, 
unduous  or  fulphureous,  this  fuddenly  deflagrates  with  the  nitre  in  the  fire, 
raifes  a  violent  flame,-  and  greatly  increafes  the  heat  ;  whence  the  applica¬ 
tion  and  adion  of  the  nitre  being  Gronger,  it  greatly  changes,  divides,  fu- 
fes,  and  feparates  the  bodies  in  a  different  manner  than  is  otherwife  known  ; 
the  nitre  at  the  fame  time  lofing  its  own  nature,  or  turning  to  a  kind  of 
fal-polycrefium ,  which  has  a  different  diffolving  power  from  that  of  nitre. 

Whence  the  adion  of  nitre  upon  bodies  is  of  one  fort,  before  it  defla¬ 
grates  with  them,  of  another  during  the  deflagration,  and  of  a  third  after 
the  deflagration  is  over. 

9.  Again,, 

(h)  See  Paracel/.  Archidox.  c.  4.  {£)  See  Du  Hamel,  Jliji.  Acad.  Roy .  Sc. 

(/)  See  Boyle,  Meehan.  Orig.Qual.  p.  234.  j  6,  17. 
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9.  Again,  when  nitre  is  melted  along  with  a  vegetable  coal,  its  parts  are, 
thus,  ftrongly  agitated,  fo  as  in  like  manner  to  agitate  the  bodies  to  be 
diffolved  j  at  the  fame  time  difcharging  particular  active  fumes,  capable  of 
penetrating  and  diflolving  many  bodies  in  the  fire.  But,  when  the  nitre  is 
thus  changed  to  fixed  alkali,  it  does  not  flow,  unlefs  the  fire  be  violent  j 
and,  then,  according  to  its  own  penetrating  and  particular  nature,  it  begins 
to  ad  as  a  fixed  alkaline  menftruum  *  and  thus  acquires  and  exerts  a  new 
diflolving  power;  as  we  faw  in  the  preceding  account  of  alkaline  men- 
ftruums. 

jo.  If  the  bodies  thus  to  be  diffolved,  by  fuflon,  with  nitre,  contain  earth, 
ftone,  alum,  vitriol,  bole,  or  the  like,  the  nitre  is  immediately  changed 
into  a  ftrong  acid  volatile  fait,  or  fpirit  of  nitre  ;  which,  now,  agitated 
with  fo  violent  a  fire,  penetrates,  diflolves,  and  greatly  changes  the  fubjed  j 
thus  ading  by  one  of  its  parts,  like  aquafortis  \  whilft  the  other  part  re¬ 
maining  at  the  bottom,  ads  by  a  very  different  diflolving  power.  And, 
hence,  we  may  underftand,  what  a  great  effed  this  fait  may  have,  when 
ufed  in  the  way  of  cementation,  along  with  metallic  matters :  for,  thus  it 
changes  into  a  corrofive  fpirit,  capable  of  altering  metallic  matters  various 
ways  5  as  may  be  learnt  from  the  account  above  given  of  the  acid  tribe 
of  menftruums. 

1 1.  If  pure  nitre  be  fufed  in  a  (bong  fire,  along  with  regulus  of  antimony, 
it  at  length  produces  a  kind  of  cauftic»ftone,  which  ads  after  a  manner, 
fo  far  as  I  know,  peculiar  to  itfelf*  being  a  very  fixed  fait,  of  difficult 
fufion,  and  uncommon  fiery  acrimony.  Whence,  it  appears  what  a  prodigious 
diflolving  power  this  fait  may  have,  when  mixed  with  regulus  of  antimony, 
and  applied  to  bodies  in  the  fire ;  doubtlefs  its  efficacy  as  a  menftruum,  muft 
thus  be  extremely  great. 

iz.  If  powder  of  fahammomae  be  thrown  upon  nitre  melted  in  a  clean 
crucible,  a  gentle  flaffi  will  be  produced,  as  if  a  burning  coal  was  thrown 
upon  the  nitre  5,  whilft  the  fait  is  thus  every  moment  changed  in  the  fire, 
till  at  length,  being  faturated  with  the  fal-ammoniac,  it  fiafhes  no  longer  j 
but  turns  to  a  new  kind  of  red diffi- fait  of  a  very  particular  nature,  little 
known  or  confidered  by  the  chemifts :  but,  whilft  the  nitre,  and  fal-ammo- 
niac  are  thus  mixed  with  other  bodies  in  the  fire,  different  kinds  of  folutions 
will  be  made  at  different  times  y  and,  confequently,  different  effeds  produced 
at  each  time,  whilft  the  bodies  remain  together  in  the  fire.  Thefe  particulars 
are  feldom  carefully  regarded  by  the  operators  j  whence,  they  frequently 
meet  with  unexpc&ed  accidents,  whilft  they  over-look  fuch  things  as  may 
alter  the  fuccefs  of  their  experiments.  If  one  part  of  fea-falt  and  two  of  fpirit 
of  nitre  be  diffilled  together,  the  liquor  that  comes  over  from  them,  with  a 
gentle  heat,  will,  prove  an  aqua  regia ,  and  ad  entirely  as  fuch  y  whilft  the 
hit  remaining  behind,  will  be  nitre  •,  and,  when  thoroughly,  dryed,  ad  as 
nitre,  at  the  end  of  the  operation  tho*,  at  the  beginning  thereof,  it  aded 
as  aqua  regia ,  in  the  liquor  diftiHed  over.  Whence,  we  fee  what  a  great 
difference  there  may.  be  in  the  adion  of  a  menftruum,  at  different  times  of 
the  operation.  So,  again,  if  one  part  of  pure  nitre,  and  three  parts  of  the 
fpirit  of  fea-falt  be  diftiiied  together,  they  yield  a  ftrong  aqua  regia  y  whilft 
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the  dry  fait  remaining  in  the  retort,  is,  again,  left  true  nitre.  Which  /hews 
us  how  careful  we  ought  to  be,  in  the  ufe  of  thefe  menftruums,  to  prevent 
being  impofed  upon.  So,  like  wife,  if  the  fpirit  of  nitre,  v/ith  a  proper 
proportion  of  any  alkali,  be  ufed  as  a  folvent,  they  foon  turn  to  nitre,  and 
aft  as  fuch  at  the  end  of  the  operation.  And,  if  Glauber  fays  true,  that 
nitre  may  be  made  from  a  mixture  of  fea-falt,  fixed  alkali,  and  quick-lime, 
burnt  and  ignited  in  the  fire,  and  afterwards  expofed  to  a  moift  air  •,  thefe 
three  fubftances,  being  ufed  together  in  cementation,  muft  have  a  very  dif¬ 
ferent  effeCt  from  what  one  might  otherwife  imagine.  All  which  being 
confidered,  and  compared  with  what  is  above  delivered  of  the  converfion  of 
nitre  into  alkali  and  acid,  will  fufficiently  fhew  us  the  great  and  different 
power  of  nitre  as  a  folvent. 

13.  Native  borax,  found  in  the  Eaji- Indies ,  Per/ia,  and  Tranfylvania ,  be-  b>orax  as  a 
ing  diffolved  in  water,  filtered  and  cryftallized,  has  a  fomewhat  fweetifh  menfiruum' 
and  bitterifh  tafte  ;  but  is  neither  acid  nor  alkaline.  By  ftrong  difbillation 

it  affords  mere  water  ;  whilft  the  part  that  remains  behind,  turns  to  glafs, 
incapable  of  being  diffolved  in  water.  When  mixed  with  fand,  and  urged 
with  a  violent  fire,  it  affords  no  acid  fpirit.  It  greatly  promotes  the  fufion 
of  metals,  and  unites  them  together  in  fufion  :  and  thus,  alfo,  has  nume¬ 
rous  other  effeCts,  which  could  not  otherwife  be  fo  eafily  obtained. 

14.  If  what  is  above  delivered  of  faline  menftruums  be  well  underftood,  ComPoun^ /*• 
it  will  not  be  difficult  to  conceive  that  various  combinations  of  falts  fhould 
produce  many  new  kinds  of  faline  menftruums,  having  fingular  and  un¬ 
common  diffolving  powers.  Thefe  combinations  are  fometimes  made  by 

art  and  contrivance,  and  fometimes  accidentally,  fo  as  to  furprize  by  their 
unexpected  effeCt  *,  and,  thence,  come  to  be  regiftred  in  books  of  chemiftry  : 
and,  from  thefe  two  origins  proceeds  that  vaft  ftock  of  menftruums  which 
chemiftry  abounds  with.  Thus,  when  volatile  alkalies  are  mixed  with  the 
fixed  kind,  the  former  are  always  rendered  ftronger  and  more  volatile  by 
the  aCtion  of  the  fire  •,  whilft  the  latter,  attracting  the  acid  particles,  the 
oil,  or  earth,  which  may  remain  in  the  volatile  alkalies,  hence  become  dif¬ 
ferent,  or  more  compounded  and  productive  of  other  effeCts.  Fixed  al¬ 
kalies  being  united  with  native  vegetable  allies,  afford  an  extraordinary 
compound  fait,  of  a  mild,  aperient,  and  diuretic  nature  •,  as  we  fee,  upon 
mixing  fait  of  wormwood  with  juice  of  lemons,  &c.  in  a  proper  propor¬ 
tion  ;  whereby  a  fait  is  procured,  of  very  different  diffolving  powers  from 
the  parts  it  was  compofed  of,  or  from  any  other  falts  :  and,  when  volatile 
alkalies  are  mixed  with  thefe  acids,  another  kind  of  compound  fait  is  pro¬ 
duced,  differing  greatly  from  the  former  made  with  fixed  alkali.  When 
fixed  alkalies  are  properly  united  with  pure,  fermented  vegetable  acids,  they, 
upon  mixing,  afford  many  extraordinary  phenomena,  and  produce  a  neutral, 
mild,  volatile,  penetrating,  faponaceous  fait  •,  which  eafily  melts  at  the  fire, 
and  has  confiderable  virtues.  Thus,  fait  of  tartar  faturated  with  diftilled 
vinegar,  or  with  crude  tartar,  produces  an  excellent  neutral  fait ;  the  effeCts 
whereof,  upon  animal,  vegetable,  and  foffil  fubftances,  have  made  me  fome¬ 
times  fufpeCt  it  to  be  the  volatile  fait  of  tartar,  fo  highly  extolled  by 
Helmont.  And,  perhaps,  of  all  the  neutral  tribe  of  menftruums,  there  is  not 

one 
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one  that  more  defervesto  be  confidered,  and  made  ufe  of,  than  thisr;  as  might 
be  ihevvn  by  numerous  examples  ;  and,  as  remarkably  appears  by  its  diffolving 
the  body  of  myrrh,  which  difficultly  yields  to  alkalies  and  acids,  fo  as  to  be 
rendered  potable  and  mifcible  with  the  blood  :  but,  by  being  properly  di- 
gefted  with  this  neutral  fait,  it  is  intimately,  and  inimitably  diffolved  for 
the  purpofe.  And  the  fame  fait,  if  carefully  made,  intimately  unites  with 
fpirit  of  wine ;  fo  as  to  afford  a  menftruum  which  every  one  that  makes 
will  find  his  labour  fufficiently  rewarded.  And,  hence,  we  might  eafily 
confute  the  error  of  the  modern  chemifts  ;  who,  making  acids  and  alkalies 
the  principles  of  all  things,  pretend  it  betrays  unfkilfulnefs  in  chemiftry  to 
mix  acids  and  alkalies  together  ;  as  if  the  virtue  of  each  were  deftroyed  by 
the  mixture  ;  and  no  ufeful  property  left  behind  :  an  argument  ftrongly  in¬ 
filled  upon  by  Zwelfer.  On  the  contrary,  it  is  certain,  that  the  pure  alkali 
of  tartar,  properly  mixed  with  the  volatile  acid  of  vinegar,  makes  a  neutral 
fait  of  a  much  more  noble  virtue  than  the  feparate  acid  or  alkali.  And,  when 
a  pure  volatile  alkali  is  exacftly  faturated  with  the  ftrong  fpirit  of  vinegar, 
we  have  thus  a  limpid,  lightly  faline,  volatile,  compound  liquor,  of  fuch  a 
peculiar  diffolving  virtue  as  is  not  otherwife  to  be  met  with :  as  being  able 
to  pafs  thro*  alm’oft  all  kinds  of  bodies,  fo  as  to  diffolve  them,  without  any 
confiderable  vifible  conflict.  Whence,  fome  phyficians  have  highly  efteemed 
this  liquor,  in  curing  diforders  of  the  eyes,  and  ears,  arifing  from  any  con¬ 
cretions  form’d  therein.  And,  on  the  fame  account  it  has  been  held  as 
a  great  and  fuccefsful  fecret  for  refolving  cold,  glandulous  fwellings,  to  fo¬ 
ment  them  with  a  mixture  of  putrefied  urine  and  vinegar;  the  part  being 
firft  rubbed,  and  the  liquor  applied  warm. 

1 5.  And  from  hence  we  may  underftand  what  will  be  the  confequence 
of  mixing  either  fixed,  or  volatile  alkalies  with  fermenting  acids  ;  viz,  the 
floppage  of  the  fermentation  in  hand,  after  the  produdion  of  a  fudden  effer- 
vefcence,  and  the  confequent  production  of  neutral  falts,  like  thofe  juft  now 
deferibed.  And  the  like  neutral  falts  will  alfo  be  produced,  upon  mixing 
the  fame  alkalies  with  the  acids  obtained  either  by  diftillation,  or  the 
burning  of  woods  in  the  fire. 

1 6.  When  thefe  fixed  alkalies  are  united  to  a  native  foffil  acid,  new  com¬ 
pound  falts,  greatly  differing  from  one  another,  are  produced.  Thus, 
for  example,  if  hot  oil  of  tartar  per  deliquium ,  be  gradually  dropped  upon 
a  folution  of  pure  alum  in  water,  till  the  point  of  faturation  is  obtained,  an 
earthy  calx  will  be  precipitated  :  and  if  the  clear  liquor  floating  above  it,  be 
filtered,  the  native  acid  of  the  alum,  here  attracted  by  the  alkali,  will  afford 
a  fait  like  tartar  of  vitriol,  but  without  any  metallic  part,  and  of  an  excel¬ 
lent  diffolving  power  as  a  menftruum,  and  of  confiderable  medicinal  vir¬ 
tue.  So  again,  if.  to  a  warm  and  clear  folution  of  white,  green,  or  blue 
vitriol,  the  fame  folution  of  fixed  alkali  be  added,  after  the  fame  manner ;  we 
hence  obtain  a  compound  fait,  confifting  of  the  fixed  alkali  and  the  foflil 
acid,  which  had  diffolved  the  calcarious  matter,  the  iron,  or  the  copper, 
naturally  diffolved  in  the  vitriols  :  whence,  again,  a  neutral  tartar  of  vitriol 
is  produced,  differing  from  the  common  in  this,  that  its  acid  had  not  felt 
the  force  of  fo  ftrong  a  fire  ;  and,  therefore,  better  prefer ve*. its  native  vir- 
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tues :  it,  alfo,  better  depofits  its  metallic  parts,  except  the  vitriol  was  from 
copper,  whofe  metallic  part  remaining  in  the  folution,  tinges  the  fait  of  a 
blue  colour. 

17.  When  fixed  alkali  is  intimately  mixed  with  fulphur,  the  foflil  acid  of 
the  fulphur  is  attraded  into  the  alkali :  and,  hence  arifes  a  fait  refembling 
the  former,  tho*  of  a  fomewhat  different  nature  ;  as  appears  by  the  figure  of 
the  cryftals  it  flioots  in :  which  feems  principally  to  rife  from  hence,  that 
the  unduous  part,  mixed  in  with  the  fulphur,  alfo  joins  itfelf  to  the  fixed 
alkali,  and  fouls  the  fait ;  thus  making  a  more  compound  fait,  of  different 
odour,  tafte  and  virtue. 

18.  Hence  alfo,  we  may  learn  what  will  be  the  confequence,  upon  mix¬ 
ing  vitriolic,  or  aluminous  waters,  or  their  unduous  fediments,  however 
procured,  with  fixed  alkali :  for,  thus  the  metallic  or  terreftrial  part,  held 
diffolved  in  them,  being  now  feparated,  the  acid  folvent  will  unite  with 
jhe  alkali  into  a  kind  of  tdrtarum  vitriolatum ,  where  the  diffo Ivin g  power  is 
peculiar  or  different  from  that  of  other  falts  ;  as  appears  by  applying  it  to 
metals,  femi-metals,  fulphurs,  and  other  foffil  fubftances.  And,  this  fait 
ufually  retains  its  diffolving  power  more  permanently  and  immutably  than 
any  other  compound  fait ;  its  acid,  as  well  as  its  alkali  being  more  fixed, 
and  both,  thus  united  into  a  very  fixed  neutral  fait.  Nor,  do  we  know 
any  other  acid,  which,  when  applied  to  this  tartar  of  vitriol,  is  able  to  fe- 
parate  the  acid  it  contains  :  whereas  the  native  acid  of  vitriol,  commonly 
expels  the  acid  from  all  other  falts  ;  as  we  favv  above. 

19.  When  pure  volatile  alkaline  falts  are  mixed  with  thefe  native  foffil 
acids,  a  particular  kind  of  ammoniacal  falts  are  thus  produced,  compofed  of 
the  foffil  acid,  and  volatile  alkali ;  and  thefe,  for  diftindion’s  fake,  maybe 
called  by  the  name  of  femi- volatile  tartars  of  vitriol.  Thefe  ammoniacal 
falts  highly  delerve  to  be  regarded  by  chemifts,  as  menftruums,  on  account 
of  their  remarkable  diffolving  property  ;  and,  by  phyficians,  on  account 
of  their  confiderable,  aperitive,  attenuating,  refolving,  ftimulating  virtues. 

20.  Hence,  alfo,  may  beunderftood  what  will  follow,  upon  mixing  com¬ 
mon  fal-ammoniac  with  the  vitriols,  and  committing  the  mixture  to  the  fires 
for,  thus,  the  acid  of  the  vitriols,  being  attraded  into  the  acid  part  of  the 
fal-ammoniac,  releafes  the  acid  fpirit  of  the  fea- fait,  which  makes  the  other 
part  of  the  fal-ammoniac  :  and,  this  fpirit  being  volatile,  is  thus  feparated, 
whilft,  by  the  union. of  the  vitriolic  acid  with  the  alkaline  part  of  the  fal- 
ammoniac,  a  femi-volatile  tartar  of  vitriol  is  produced  -,  the  remaining  part 
being  a  metallic  mafs  before  contained  in  the  v  itrioi,  but,  now,  precipitated 
in  the  form  of  fasces  ;  or  elle,  being  again  diffolved  by  the  fpirit  of  fait, 
affords  a  new  kind  of  metallic  folution.  And,  lienee,  we  have  a  juft;  foun¬ 
dation  for  judging  of  the  event  of  combining,  fixed,  or  volatile  alkalies  with 
all  the  native  foflil  acids,  however  they  may  lie  concealed  in  metals,  earth, 
oils,  or  other  falts-,  for  the  effed  will  here  be  always  the  fame,  and  may 
be  predided  from  what  is  above  delivered.  And  thefe  experiments  are  fo 
certain,  and,  confequently,  fo  agree ible,  nay,  an  i  fo  ufeful  both  to  che- 
miffs,.  and  phyficians,  that  they  cannot  be  fufficiently  recommended. 


562  The  Theory  of  Chemistry. 

Menftuumi  ^  21.  The  dodtrine  of  menftruums  next  requires  us  to  confider  thofe  which 

from  fixed  a>-  arife  from  the  combination  of  fixed  alkalies,  with  a  fofiil  acid  obtained  by 
difililcTfofifil  ^re-  When  pure  fixed  alkali  is  perfectly  faturated  with  the  acid  fpirit  of 
adds.  fea-falt,  fea-falt  itfelf  feems  thus,  in  almoft  all  refpecfts,  to  be  regenerated. 

When  faturated  with  the  acid  of  nitre,  it  re- produces  nitre*,  and,  with  the 
acid  of  alum,  and,  the  acid  of  fulphur,  or  vitriol;  it  conftantly  makes  the  tarta- 
jrum  vitriolatum ,  as  above  defcribed.  In  the  fame  manner,  when  pure  volatile 
alkali  is  united  with  fpirit  of  fea-falt,  there  arifes  a  true  fal-ammoniac  *,  and 
when  mixed  with  fpirit  of  nitre,  aqua  forth  or  a  femi-volatile  nitre  is 
thus  produced.  If  the  fame  volatile  alkali  be  united  with  oil  of  vitriol, 
oleum  fulphuris  per  campanam ,  or  with  the  acid  diftilled  from  alum,  it  thus 
produces  a  femi-volatile  tartar  of  vitriol.  All  which  makes  it  appear,  how 
many  and  what  furprifing  adtions  of  menftruums  may  frequently  arife  from 
the  bare  mixing  of  certain  bodies  together,  and  applying  them  thus  mixed 
to  the  fire.  Is  almoft  incredible,  how  great  a  change  may  proceed  from 
the  mixture  of  one  fingle  thing  with  another,  either  by  art,  or  accident. 
And  without  an  exadt  knowledge  of  all  thefe  particulars,  we  can  never  have 
an  adequate  knowledge  of  the  chemical  hiftory  of  menftruums. 

Menfiruum  22.  We  now  proceed  to  confider  the  adlion  of  menftruums  made  by 
from  mixing  uniting  pure  Ample  falts  with  other  falts  :  for  which  we  have  already  pre- 
with  others.  Pared  the  way.  Thus,  if  pure  alkali  be  added  to  the  brine  of  fea-falt, 
an  earthy  matter  is  precipitated;  and  the  fait  now  obtained  by  cryftalliza- 
tion  from  the  clear  liquor,  will  be  a  purer  fea-falt.  The  fame  fixed  alkali 
being  added  to  a  brine  of  nitre,  changes  the  liquor  thick  and  milky  ;  and 
precipitates  an  earthy  matter,  whereby  the  nitre  obtained  from  this  folution 
becomes  extremely  pure.  When  fixed  alkali  is  added  to  the  brine  of  fal- 
ammoniac,  it  lays  hold  of  the  acid  of  that  fait,  fets  the  volatile  alkali  free, 
or  fuffers  it  to  fly  off  into  the  air  ;  leaving  a  pure,  fixed  fea-falt  at  the  bot¬ 
tom  of  the  vefTcl.  If  a  pure,  volatile  alkali  be  added  to  the  brine  of  fea- 
falt,  it  makes  the  liquor  thick,  then  purifies  it  and  flies  off:  and,  it  does 
the  fame,  when  added  to  a  folution  of  nitre.  When  added  to  a  folution  of 
fal-ammoniac,  it  in  like  manner  purifies  the  fait,  without  altering  its  nature  ; 
and  flies  off  as  it  was  poured  on.  Vegetable  acids  produce  but  little  altera¬ 
tion  by  being  mixed  with  fea-falt,  nitre,  and  fal-ammoniac.  Fermented 
vegetable  acids,  even  after  being  purified  by  diftillation,  produce  no  great 
alteration  when  mixed  with  the  fame  fait.  As  for  the  changes  arifing  in 
the  menftruums  made  by  an  artificial  mixture  of  foflil  acids  with  thefe  falts, 
we  have  mentioned  them  above,  in  treating  of  thofe  acids  and  thofe  falts  j 
where  we  faw,  that  a  ftrong  fixed  acid  copioufly  adheres  to  calcined  alum 
and  vitriol ;  the  particular  effe<5t  of  which  acid,  when  actuated  byfire,  is  to 
expel  all  other  acids  from  the  bodies  they  had  diflolved ;  provided  fuch  bo¬ 
dies  are  diffolvable  by  the  acids  of  alum,  vitriol,  or  fulphur.  Hereof  we  have 
already  produced  examples ;  and  (ball  only  add,  that,  if  quickfilver  be 
incorporated  with  cakined  vitriol,  by  long  grinding  them  together,  and  de¬ 
crepitated  fea-falt  be  added  thereto,  and  the  mixture  be  put  to  fublime  in  a 
glafs-veflel,  with  degrees  of  heat,  in  a  fand-furnace  ;  the  acid  of  the  vitriol 
thus  turns  the  acid  of  the  fea-falt  into  a  fpirit,  which  now  diflolves  the 
1  •  mercury. 
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mercury,  and  makes  it  rife  to  the  top  of  the  veffel,  in  the  form  of  pure 
mercury-fublimate :  which  is  no  more  than  the  fpirit  of  fea-falt  attracted 
into  the  quickfilver  i  and  thus  united  therewith,  into  an  uniform  vitriolic, 
mercurial  mafs,  foluble  in  water.  There  are  numerous  furprifing  inftances 
of  this  kind,  in  the  hiftory  of  menftruums ;  which  may  all  be  underftood 
by  the  principles  here  laid  down.  Thus,  for  example,  if  calcined  vitriol, 
or  alum,  be  mixed  with  nitre,  and  diftilled,  they  yield  aquafortis ,  which 
contains  nothing  of  the  acid  of  vitriol,  but  is  a  pure  fpirit  of  nitre  ;  and, 
if  mixed  with  fea-falt,  and  treated  in  the  fame  manner,  they  make  fpirit  of 
fait  i  if,  with  nitre  and  fea-fajt  together,  they  make  aqua  regia.  So,  if 
nitre  and  calcined  vitriol  be  melted  together,  in  an  open  fire,  the  acid  of 
the  nitre  is  difcharged,  and  a  kind  of  tart  arum  vitriolatum  left  behind.  Sea- 
fait  treated  in  the  fame  manner,  leaves  a  kind  of  Glauber alt  behind. 

But  it  will  be  more  agreeable  to  folve  phenomena  of  this  kind  for  one’s 
felf,  from  the  dodlrine  here  delivered,  than  to  have  all  the  particulars 
pointed  out.  Let  it  only  be  remembered,  that  in  what  way  foever  falts 
are  united  with  falts,  new  faline  productions,  and  new  menftruums  will 
arife ;  whence,  the  art  of  chemiftry  may  perpetually  be  improved,  and 
new  phenomena  produced  :  the  confederation  whereof  may,  not  only  af¬ 
ford  pleafure  to  the  mind,  but  increafe  our  knowledge  of  the  native  pro* 
perties  of  bodies,  and  often  lead  to  great  and  unexpected  difcoveries  for 
the  accommodation  of  life. 

32.  In  the  laft  place,  it  will  be  highly  neceffary  to  remember,  that  new  Newmenfirtf 
menftruums  of  particular  virtues  may  be  made,  by  varioufly  combin-  »»w. 
ing  different  menftruums  together*,  which  may  be  done,  almoft,  infinite 
ways :  again,  by  reducing  every  menftruum  to  its  utmoft  degree  of  pu¬ 
rity  ;  and,  laftly,  by  reducing  fome  of  them  into  the  minuteft  particles  they 
poffibly  can  be,  either  by  nature  or  art :  for,  upon  thefe  three  particulars, 
the  extraordinary  /kill  of  the  chief  chemifts  feems  principally  to  depend*  It 
would  be  endlefs,  to  give  all  the  inftances  that  might  be  produced  to  this 
purpofe  *,  we  fhall  content  ourfelves  with  the  following,  for  the  prefent. 

Suppofe,  an  extremely  pure,  ftrong,  and  fubtile,  fermented,  vegetable  acid 
was  wanting :  take  fine  verdigreafe  prepared  from  copper,  corroded  by  the 
fubtile  vapour  of  a  fermenting  acid  *,  add  to  it,  twenty  times  its  own  weight 
of  the  ftrongeft  diftilled  vinegar  that  can  be  made,  digeft  them  together,  till 
the  verdigreafe  isdiffolved  into  a  deep-green  liquor  *,  which  being  thoroughly 
purified  by  filtration,  and  infpiffated  over  a  gentle  fire,  to  a  pellicle,  fet  it  in 
a  quiet  place,  where  it  will  fhoot  into  cryftals,  of  the  colour  of  an  emerald, . 
confifting  of  the  acid  of  the  vinegar  and  the  difio.lved  copper  j  pour  off  the 
liquor,  colled  the  cryftals,  and,  again,  evaporate  as  before  1  fet  this  liquor 
to  fhoot,  colled:  the  cryftals,  and  repeat  the  procefs,  till  no  more  cryftals 
can  thus  be  obtained.  If,  now,  the  verdigreafe,  faturated  with  the  acid, 
be  dried  in  a  warm  air,  then  diftilled  in  a  glafs  retort,  with  degrees  of  fire  5 
yoq  may  obtain  a  moft  pure,  and  perfedly  ftrong,  vegetable  acid,  no  way 
participating  of  the  copper.  But,  the  fame  experiment  does  not  fucceed 
with  lead,  tin,  or  iron  *,  whereas,  copper  thus  attrads  the  acid  feparately 
from  the  aqueous  part,  and  without  changing  its  nature  *,  whilft  other 

C  c  c  c  2  fub- 
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fubftances  would  alfo  attrad  and  feparate  it, but  at  the  fame  time,  render  it  im¬ 
pure.  A  vinegar,  for  this  purpofe,  may  be  made  from  beer,  cyder,  perry,  honey, 
fugar,  manna,  &c.  and  thus  be  brought  to  afford  a  ftrong  vegetable  acid,  by 
means  of  copper:  which  acid,  Zwelfer  imagining  tube  the  alkaheft,  he  is  cor¬ 
rected  by  cTachenius>  who  fhews  it  to  be  no  more  than  a  ftrong  diftilled  vinegar. 

24.  But  there  is  no  end  of  difcovering  new  menftruums  ;  every  artift 
ufually  boafting  of  his  own  particular  fecret  fofvent  ;  whereby  he  is  com¬ 
monly  able  to  perform  what  another  cannot,  without  knowing  the  particular 
menftruum.  And  with  regard  to  this  affair,  I  rather  blame  the  refervednefs 
of  artifts,  than  the  oddnefs  of  their  menftruums:  for,  every  perfon  who 
is  /killed  in  chemiftry,  may  for  ever  difcover  new  menftruums,  by  the  arti¬ 
ficial  application  of  body  to  body  :  fo  that,  the  proper  menftruums  for  all 
fubftances  might,  perhaps,  have  been  difcovered  ;  and,  confequently,  a  fob 
vent  for  the  ftone  ;  if  chemifts,  for  this  purpofe,  had  properly  tried  all  the 
liquors  they  have  prepared.  Suppofe,  any  chemift  had  carefully  examin¬ 
ed  all  menftruums,  except  the  fpirit  of  bread  ;  he  could  not  eafily  believe 
what  a  power  that  menftruum  has  in  diffolving  feveral  bodies. 

25.  To  fhew,  that  by  compounding  one  menftruum  with  another,  new, 
and  often  excellent  falts  may  be  procured  ;  let  it  be  recolleded,  that  rege^ 
nerated  tartar,  properly  prepared,  may  be  intimately  united  with  pure  alcohol, 
and  thus  produce  a  vegetable  menftruum,  compofed  by  the  clofe  union  of 
the  moft  fubtile  vegetable  particles  •,  viz.  alkali,  acid, and  fulphur  :  whence, 
the  effed  of  fuch  a  liquor  is  extremely  great,  both  as  a  menftruum,  and  a 
medicine.  So,  again,  if  a  pure,  ftrong,  alkaline  fpirit,  be  united  with  pure 
alcohol,  it  produces  an  admirable  menftruum,  or  the  offa  Helmontii ,  which 
intimately  diffolves  diftilled  vegetable  oils  ;  and,  thus,  makes  a  menftruum 
compounded  of  the  genuine,  vegetable  fulphur,  and  alkali ;  and  is  one  of  the 
moft  excellent  menftruums  and  medicines  hitherto  known.  In  like  manner, 
pure  fpirit  of  nitre,  faturated  with  the  alkaline  fpirit  of  fal- ammoniac,  makes 
a  kind  of  volatile  nitre  ;  and,  thus,  affords  us  an  opportunity  of  examining, 
by  experiments,  whether  it  will  perform  the  things  expeded  from  the  vola¬ 
tile  nitre,  fo  much  enquired  after.  Many  chemifts  have  fpent  their  lives 
in  making  experiments  of  this  kind  ;  being  pleafed  with  the  dilcovery  of 
fomething  new,  as  a  reward  of  their  labour.  And,  fuch  experiments  may 
well  deferve  to  be  profecuted  ;  the  difcoveries  being,  all  along,  carefully 
obferved  :  for  when  a  number  of  them  are  carefully  digefted  and  confidered, 
more  general  rules  may  be  formed  about  them. 

26.  It  is  time  We  fhculd  now  proceed  to  draw  out  the  confequences  af¬ 
forded  by  the  preceding  dodrine  of  menftruums;  and,  (1.)  It  is  not  cer¬ 
tain,  whether  any  menftruum  has  a  power  of  diffolving  any  fubjed,  with¬ 
out  the  affiftance  of  fire  ;  as  no  experiment  could  ever  be  made  in  a  place 
deftitute  of  all  fire  ;  fince  we  faw,  in  our  account  of  theutmoft  known  degree 
of  cold  :  and  efpecially,  fince  moft  of  the  known  menftruums  ad  the  better 
when  a.ffifted  by  a  certain  degree  of  fire. 

27.  (2.)  Menftruums  can  fcarce  ad  as  fuch,  unlefs  reduced  to  a  fluid  form, 

or  at  leaft  approach  thereto  ;  as  they  chiefly  do,  by  the  means  of  fire,  air, 
water,  and  triture;  which  four  caufes  ufually  excite  the  latent  powers  of 
menftruums.  2§a 
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28.  (3.)  Certain  menftruums  contain  a  caufe  within  themfelves,  appa¬ 
rently  capable  of  exciting  motion  ;  tho’  in  reality  it  depends  upon  the  near 
approach  of  another  body:  thus,  if  a  good  load  ftone  be  fufpended  by  a 
thread,  and  hangs  at  reft  in  a  great  degree  of  cold,  it  will  feem  to  have  no 
adtive  vertue  ;  but,  if  iron  comes  near  it,  a  motion  is  produced  in  both  thefe 
bodies,  till  they  come  together,  and  remain  in  contact :  and  this  kind  of  power 
generates  motion  fpontaneoufly,  without  the  afliftance  of  any  fire  fenfible  to- 
us  *,  and  is  not  excited  by  motion.  So,  likewife,  ftrong  fpirit  of  nitre,  con¬ 
fined  in  a  clofe  veflel,  yields  an  acid  fume,  conftantly  playing  above  the  fur- 
face  of  the  liquor,  and  iffuing  out  whenever  the  veflel  is  unftopped.  So, 
likewife,  the  alkaline  fpirit  of  fal-ammoniac  yields  a  fume,  which  I  could  never 
obferve  to  be  at' reft  :  and  the  fpirit  of  fal-ammoniac  made  with  quick-lime, 
yields  a  fume  much  more  volatile  and  moveable.  Such  kind  of  bodies, 
therefore,  ftrangely  retain,  and  ftrangely  excite  motion  :  and,  pofiiblyj 
there  are  fuch  continually  floating  about  in  fubterraneous  places,  till  they 
reft  in  fome  one  body  where  they  unite,  fix,  and  thus  produce  numerous 
compound  fubftances.  But,  we  are  always  to  remember,  that  air,  even 
in  the  utmoft  cold,  has  a  conftant  vibratory  motion  j  and,  therefore,  may 
often  excite  the  motions  we  here  fpeak  of ;  as,  on  the  other  hand,  folutions 
are  often  immediately  performed  by  means  of  the  motion  peculiar  to  the 
menftruum  arifing  from  it  •,  whilft  a  confiderable  motion  of  another  kind, 
and  proceeding  from  a  different  caufe,  would  not  produce  the  effect.  Thus, 
for  example,  if  a  piece  of  fine  Englijh  chalk  be  calcined  in  a  ftrong  fire,  or 
even  in  the  focus  of  a  burning  concave,  it  will  fcarce  be  changed  by  this 
violent  motion  *,  nor,  again,  by  being  expofed  to  a  hot  or  cold  air,  either 
at  reft,  or  agitated  by  ftrong  winds  ;  and,  tho’  it  long  boiled  in  water,  or  a 
brine  of  fait  of  tartar, it  will  not  diffolve;  but  it  immediately  melts  and  difap- 
pears  in  cold  vinegar  :  whence,  we  fee  there  is  a  very  great  difference  be¬ 
twixt  the  motion  excited  by  the  reciprocal  force  of  the  folvent  and  folvend  *, 
and  the  motion  excited  by  fire,  air,  water,  and  impulfe.  , 

29.  (4.)  The  acrimony  of  a  menftruum,  with  refpeft  to  the  human  body 
fo  as  to  excite  pain,  corrode,  or  confume  the  parts  thereof,  is  no  fignv 
that  fuch  a  menftruum  is  fuited  to  diffolve  other  bodies-,  as  appears  from 
oil  of  vitriol,  fpirit  of  nitre,  fpirit  of  fait,  and  aqua  regia  :  which,  tho5  they 
readily  confume  flefli,  yet  do  not  diffolve  wax  and  fulphur  tho5  thefe  two 
may  eafily  be  diffolved  in  the  body. 

30.  (5.)  Many  bodies,  incapable  of  diffolving  in  certain  menftruums, 
may  be  fitted  for  diffolving  therein,  by  being  previoufly  diffolved  in  ano¬ 
ther  menftruum.  Thus,  if  common  fulphur  be  boiled  ever  fo  long  in  al¬ 
cohol,  it  diffolves  no  more  than  a  ftone-  in  water  but,  if  the  fulphur 
be  firft.  melted,  with  fait  of  tartar  into  a  dufky  mafs,  cold  alcohol  will  foon 
diffolve  the  fulphur  intimately  So,  likewife,  powdered  antimony  will  not 
diffolve  by  boiling  in  alcohol ;  but,  if  firft  boiled  to  a  dry  mafs,  with  an  alka¬ 
line  lixivium,  this  mafs  prefently  yieldsa  golden  tinffure  with  alcohol.  Some 
eminent  chemifts  have  conceived  fo  highly  of  this  regular  and  fucceflive  appli¬ 
cation  of  different  menftruums ;  particularly,  Mr.  Boyle,  and  M.  Hombcrg  *, 

that 
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that  they  fay,  even  metals  may,  by  this  means,  be  refolvedinto  their  com¬ 
ponent  running  mercury,  and  fixing  fulphur.  Thus  they  affert,  that  if  fil- 
ver  be  firft  difTolved  in  fpirit  of  nitre,  then  long  digefted  with  pure,  fixed  al¬ 
kali,  and  afterwards  feveral  times  fublimed  with  fal-ammoniac,  it  will  at 
length,  by  means  of  thefe  refufcitating  falts,  afford  a  true  running  mercury  : 
in  which  operation  the  acids  procure  an  entrance  for  the  fixed  alkalies,  into 
the  fubftance  of  the  metals  ;  as  the  fixed  alkalies  procure  admiffion  to  the 
volatile  alkalies,  which  could  not  otherwife  enter.  If  my  fentiments  fhould 
here  be  afked,  whether  metals  may,  in  this  manner,  be  turned  to  mercury  ? 

I  can  only  anfwer,  that,  after  making  many  experiments  with  this  view',  I 
have  not  found  they  could. 

31.  (6.)  Certain  menftruums  diffolve  fuch  bodies  as  before  trial  might  be 
judged  little  fuited  thereto  :  and  this  holds  both  on  the  fide  of  the  folvent 
>and  folvend.  Thus  the  vifeid  and  tenacious  body  of  native  turpentine,  isfo 
penetrating  in  the  body,  as  very  foon  to  give  a  violet- fmell  to  the  urine, 
change  its  colour,  and  warm  the  perfon  who  takes  it ;  it  diffolves  oils  and 
rofins  with  a  gentle  heat,  and  even  the  gummy  rofins,  fuch  as  gum-copal, 
which  can  fcarce  otherwife  be  difTolved.  The  yolk  of  an  egg  would  fcarce 
be  fufpefted  of  any  folvent  power,  from  its  obvious  properties ;  yet,  by  being 
ground  with  any  of  the  gums,  oils,  rofins,  or  balfams,  it  diffolves  them  better 
than  any  other  menftruum;  deftroys  their  tenacity,  renders  them  mifcible  with 
aqueous  and  fpirituous  liquors,  and  fit  to  enter  the  circulating  fluids  of  ani¬ 
mals:  whence  we  have  an  example  of  a  menftruum,  prepared  by  nature,  an 
equal  whereto  fcarce  any  art  can  furnifh.  So  likewife  the  bile  of  animals, 
efpecially  that  of  fifh,  has  a  fimilar  power  of  diffolving  balfams,  gums,  ro¬ 
fins,  turpentines,  &c.  Manna,  honey,  and  fugar  have  alfo  the  fame  effetft. 
The  white  of  an  egg,  when  boiled  to  hardnefs,  and  diftilled  in  balneo  Ma¬ 
ria ,  affords  a  limpid,  aqueous  liquor,  of  no  confiderable  fmell  or  tafte,  and 
of  no  faline,  acid,  or  alkaline  nature  ;  yet,  what  a  particular  power  it  may 
have,  even  upon  metals,  appears  from  Paracelfus  aud  Hclmonty  who  judged 
it  the  propereft  thing  in  preparing  their  medicated  mercury.  And  if  the 
white  of  egg,  after  boiling,  be  fuffered  to  run  per  deliquium ,  in  a  cellar,  it 
turns  to  a  kind  of  pure  water,  which  diffolves  the  hard,  tough  fubftance  of 
myrrh,  better  than  any  other  menftruum.  It  muft  needs  appear  ftrange  to 
thofe  who  are  not  verfed  in  chemiftry,  that  even  the  mildeft  things  fhould 
diffolve  fuch  bodies  as  fcarce  any  other  menftruum  would  touch. 

28.  (7.)  Hence  therefore  acidity,  acrimony,  or  a  faline  property,  dilco- 
vered  in  any  menftruum,  can  never  aflure  us,  without  trial,  that  fuch  a  men¬ 
ftruum  will  diffolve  a  given  fubftance  ;  or,  till  we  find,  by  particular  experi¬ 
ments,  that  a  folution  enfues,  upon  putting  the  bodies  together.  Thus,  if 
any  known  acid,  whether  ftrong  or  fmall,  be  put  to  common  fulphiw,  and 
aflifted  by  heat,  it  will  not  diffolve  the  fulphur.  So  fpirit  of  nitre,  which, 
diffolves  the  other  metals,  will  not  touch  gold  :  whence  we  cannot  fafely  fay 
in  genera],  that  acids  diffolve  metals  ;  but  properly,  that  certain  acids  diffolve 
thefe  or  thofe  particular  metals.  A  perfon  who  had  often  experienced  the 
corrofive  virtue  of  ftrong  fixed  alkali,  in  numerous  fubftances,  might  perhaps 
expert  it  would  diffolve  all  bodies  %  but  he  would  foon  be  undeceive^  upon 

finding 
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finding  it  does  not  affe<5t  quickfilver,  gold,  or  filver*  And  the  fame  holds 
alfo  of  falts.  Silver  is  whitened  by  being  boiled  with  cream  of  tartar,  but 
not  at  all  by  fea-falt.  Hence  we  cannot  fay,  that  acids,  alkalies,  or  falts  are 
folventsuniverlally;  but  only  with  refped  to  their  determinate,  definite  fub- 
je&s,  whereto  nature  has  fitted  and  limited  them. 

29.  (8.)  So  again,  conVerfly,  a  cautious  chemift,  finding  a  body  to  be  dif- 
folved,  will  not  infer  that  an  acid,  an  alkali,  or  a  neutral  fait,  was  thecaufer 
of  the  folution,  unlefs  other  circumftances  determined  this  to  be  the  cafe  ; 
yet  the  modern  chemifts  have  often  deviated  from  this  rule,  through  a  fond- 
nefs  for  general  conclufions  ;  inferring  the  folvent  to  be  known  from 
feeing  the  folution.  Suppofe  a  perfon  fure,  that  gold  was  diffolved  into  its 
lead:  particles,  and  that  there  was  no  other  known  folvent  of  gold  befides  fea- 
falt,  or  preparations  thereof ;  yet  he  could  not  hence  juftly  infer,  that  fea-falt 
was  here  the  folvent :  for  pure  quickfilver  will  alfo  diflolve  gold;  tho*  quick- 
filver  be  as  far  from  an  acid,  alkaline,  or  acrimonious  faline  nature,  as  any 
of  the  known  fubftances. 

30.  (9.)  We  may  go  farther,  and  fay,  there  is  no  fuch  thing  as  a  gene¬ 
ral  or  abfolute  corrofive,  or  diflolving  acrimony,  this  being  always  relative, 
and  holding  only  true  of  the  folvent  and  folvend,  and  not  of  the  folvent,  in 
refpedb  to  all  other  bodies.  Thus,  if  upon  feeing  the  corrofive  virtue  of 
aqua-fortis ,  in  a  thoufand  in  fiances,  upon  animal,  vegetable,  and  mineral 
fubftances,  we  ftiould  hence  conclude  it  would  corrode  all  other  foft  and 
tender  fubftances ;  we  might  foon  corrett  our  felves  by  obferving,  that  it 
will  not  diflolve  foft  wax,  or  brittle  fulphur. 

31.  (10.)  On  the  other  hand,  it  is  no  fafe  conclufion,  that  becaufe  a  men- 
ftruum  proves  mild  and  innocent  to  the  human  body,  it  will  not  therefore 
diflolve  other  bodies :  for  oil-olive  may  be  fafely  received,  in  a  large  quantity,, 
into  the  ftomach  and  inteftines ;  tho*  it  readily  diflolves  fulphur  and  wax, 
which  acids  will  not  touch.  Melted  wax,  though  fo  mild  a  fubftance,  is  faid 
to  extract  the  red  colour  of  coral,  which  long  fuftiins  a  violent  fire  with- 
out  changing,  and  even  refills  the  force  of  alkalies  ;  but  we  could  have  no 
information  hereof,  unlefs  the  experiments  had  been  made.  Hence  the  har- 
deft  bodies,  with  regard  to  our  fenfes,  and  found  to  be  fuch  by  their  refilling 
of  fire,  do  not  require,  in  order  to  their  folution,  folvents  apparently  corro¬ 
five. 

32.  Upon  the  ftrength  of  the  do<ftrine  here  delivered,  it  cannot  appear 
impoflible  to  difcover,  in  art  or  nature,  a  peculiar  menftruum,  capable  of 
diflolving  fome  one  thing  infoluble  by  aimoft  all  others;  whilft,  at  the 
fame  time,  this  fame  folvent  fliall  not  diflolve  other  fubftances  of  a  much 
weaker  or  fofter  texture.  And  the  way  of  difcovering  fuch  a  menftruum,  is 
by  fucceflively  applying  all  forts  of  menftruums  to  the  body  whofe  folution 
is  required  :  and  here  what  might  be  judged  the  leaft  proper  for  the  purpofe, 
may  fometimes  beft  anfwer  the  end  ( h).  Thus,  for  example,  though  cancers 
and  the  ftone  in  the  bladder  have  hitherto  proved  incurable,  yet  we  ought, 
on  no  account,  to  defpair  of  difcovering  remedies  for  them;  and  particularly 

of 

[b)  One  can  fcarce  help  obferving,  upon  work,  as  no  cure  for  the  ftone,  ftiould,  upon 
this  occafion,  that  the  ftrongeft  fixed  alkali,  experience,  appear  to  be  a  fafe  and  true  foi- 
reje&ed  by  the  author  in  fome  parts  of  this  vent  for  the  purpofe. 
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of  finding  a  method  of  diffolving  the  ft  one,  without  hurting  the  bladder  ;  frnce 
it  is,  by  no  means,  a  confequence,  as  we  have  feen  above,  that  the  bladder 
fhould  be  corroded  by  the  fame  remedy  which  diffolves  the  ftone  (/). 

33.  The  fpirit  of  rye-bread  has  a  furprizing  power  to*  diffolve  certain 
ftones-,  yet  does  not  corrode  any  parts  of  the  human  body  :  and  the  water, 
which  boiled  whites  of  eggs  fpontaneoufly  run  into,  diffolves  many  fubftan- 
-ces  •,  yet  may  be  poured  into  the  eye  with  fafety. 

34.  (11.)  Moft  menftruums,  at  the  time  they  diffolve  and  change  the 
fubjedt,  are  alfo  changed  thereby  ;  the  a&ion  being  reciprocal  ;  as  appears  in 
almoft  every  menftruum  we  apply  :  and  tho*  water,  alcohol,  and  mercury, 
hence  receive  but  little  alteration  ;  yet  they  ufually  are  gradually  changed  by 
the  operation.  Pure  mercury,  indeed,  is  faid  not  to  be  altered  in  folution  ;  yet, 
upon  being  mixed  with  other  things,  it  is  changed  in  concreting,  and  frequently 
rendered  lefs  pure,  or  altered  confderably  ;  and  this  even  when  turned  to  a  metal. 

35.  (12.)  It  is  a  great  error  to  fuppofe,  that  the  purer  any  menftruums  are 
made,  the  more  powerfully,  or  the  more  perfedtly,  they  always  diffolve ; 
whereas,  on  the  contrary,  their  diffolving  power  is  often  drminifhed,  in 
proportion  to  their  purification.  Thus,  lead  is  always  more  difficultly  dif- 
folved  in  aqua-fort  is ,  the  ftronger  the  aqua-fort  is  is  made  ;  and,  more  eafi- 
]y,  when  the  menftruum  is  diluted  with  a  proper  proportion  of  water. 
So,  iron  cannot  be  diffolved  in  ftrong  oil  of  vitriol  ;  but  eafily,  if  that  oil  is 
weakened  with  four  times  its  own  quantity  of  water.  Alcohol  coagulates 
many  bodies  which  common  brandy  will  diffolve  ;  as  we  fee  in  blood,  which 
is  taken  up  by  brandy,  but  condenfed  by  alcohol  :  whence  it  is  plain,  that 
the  utmoft  purity  and  fimplicity  of  a  menftruum  does  not  always  increafe  its 
diffolving  power.  On  the  other  hand,  the  utmoft  purity  is  often  required  in 
a  menftruum,  to  make  it  a  proper  folvent :  for  example,  diftilled  oils  require 
perfect  alcohol  to  diffolve  them  totally,  into  an  uniform  liquor*,  the  interpofi- 
tion  of  water  preventing  the  effect :  fo  likewife  amber  requires  perfect  alco¬ 
hol  to  diffolve  it,  and  will  not  yield  to  brandy.  Hence  we  cannot  abfolute- 
ly  pronounce  of  menftruums,  without  trial,  whether  they  ftiould  be  weak  or 
ftrong,  in  order  to  diffolve  certain  fubjetfts  j  but  the  matter  muft  be  deter¬ 
mined  by  experiments. 

36.  (13.)  There  is  nothing  more  remarkable  in  this  dobtrine  of  men¬ 
ftruums,  than  the  produdion  of  new  powers  by  their  adion  ;  which  powers 
before  exifted  neither  in  the  folvent  nor  folvend,  but  depend  entirely  upon 
the  union  of  both,  after  the  folution  is  performed.  For  example,  an  infant 
might  fafely  fwallow  a  few  grains  of  quickfilver,  '‘or  a  very  few  drops  of  fpi¬ 
rit  of  fait;  but  if  thefe  two  bodies  are  united,  lb  as  to  make  corrolive-fubli- 
mate,  three  or  four  grains  thereof  would  prove  a  violent  poifon.  So  again, 
30  grains  of  crude  antimony  in  powder,  might  fafely  be  given  to  a  child,  and 
as  many  of  nitre  *,  but  if' thefe  two  are  mixed  and  deflagrated  in  the  fire,  they 

inftantly 

(0  What  is  here  judicioufly  mentioned  by  of  fuch  a  real  folvent,  in  a  fafe,  internal,  al- 
the  author,  as  to  the  poffibility  of  difcovering  kaline  remedy  :  which  affords  a  noble  fubje& 
a  lafe  folvent  for  the  ftone,  might  difpofe  one  of  chemical  enquiry,  not  hitherto  profecuted 
to  examine  the  merit  of  any  fuppofed  folvent  as  it  deferves  ;  nor  capable  of  being  enter’d 
for  the  purpofe.  And  I  fhould  hope,  from  a  upon,  with  public  advantage,  till  the  dofbine 
careful  examination,  that  mankind  are  to  be  of  menftruums  ihall  be  more  generally  known, 
congratulated  upon  the  late  happy  difcovery 


The  Theory  of  Chemis  try. 

inftantly  produce  the  crocus  metallorum,  fix  grains  whereof  no  man  would 
venture  to  give  a  child ;  as  that  dofe  might  prove  mortal.  And  chemifts  be¬ 
ing  thus  admonilhed,  will,  it  is  hoped,  not  always  expeCt,  that  the  pro¬ 
ductions  of  their  folutions  mult  needs  be  either  innocent,  or  medicinal,  only 
becaufe  the  fimples  employed  therein  were  fo.  Great  mifchiefs,  and  a  high 
difgrace  to  the  art,  arife  from  this  injudicious  reafoning  of  the  chemifts :  and 
.  nothing  has  aflonilhed  me  more,  than  the  infufferable  liberty  with  which 
mere  operators,  without  any  knowledge  of  phyfic,  have  been  bold  enough 
to  afcribe  medicinal  virtues  to  every  production  of  their  art  :  a  flagrant  in- 
ltance  whereof  we  fee  in  Bafil  Valentin ?s  triumphal  carr  of  antimony.  I  have 
often  thought,  that  a  carpenter,  a  Itatuary,  or  any  other  artift,  might  as 
well  bellow  extravagant  praifes  upon  the  work  of  their  own  hands,  as  a  che- 
milt.  Whoever  has  regard  to  truth  and  virtue,  will  think  this  licence  Ihould 
be  prudently  reltrained  ;  and  that,  if  any  new  production  be  thought  defer- 
ving  of  a  trial  as  a  medicine,  it  Ihould  be  done  {lowly  and  carefully  ;  begin¬ 
ning  with  a  moderate  dofe,  and  having  the  mind  intent  upon  the  event  and 
circumltances.  And  thus,  our  chemical  doCtrine  of  menltruums  may  lead  us 
to  underltand  all  the  bell  and  greatelt  d-ifcoveries  which  the  art  is  able  to  make. 
For,  by  confidering  the  feveral  claffes  of  menltruums  above  defcribed,  and 
the  proper  fubjeCts  afligned  to  each  clafs,  with  the  genuine  marks  annexed, 
fuch  rules  may  thence  be  formed,  as  will,  in  fome  degree,  enable  us  to  fore¬ 
tell  the  confequences  of  applying  one  body  to  another  ;  tho*,  I  judge,  we 
fhall  always  find,  that  new  and  unexpected  events  will  arife,  in  making  the 
experiments.  It  gives  me  pleafure  to  have  faid  thus  much  upon  the 
noble  fubjeCts  of  menltruums  ;  tho’  there  is  {till  another  article  to  be  confi- 
dered,  under  the  title  of  the  alcahelt. 

.  SEC  TV  X. 

Of  the  Ale  ah  efl^  or  Univerfal  Menstruum. 

i.T  TPON  carefully  confidering  what  is  above  delivered,  it  Ihould  feem 
as  if  all  the  chemical  folutions,  except  a  few  which  are  merely  me¬ 
chanical,  are  the  effeCt  of  a  latent  attraction,  and  repulfion,  betwixt  the  parts 
of  the  folvent  and  folvend  *,  and  confequently,  that  the  whole  aCtion  de¬ 
pends  upon  a  certain  relation  betwixt  thefe  two.  And  hence  it  follows, 
from  the  known  rules  of  the  art,  that  there  is  no  one  body,  either  natural  or 
artificial,  which  can  univerfaily  diflolve  all  the  relt.  And  farther,  it  feems 
impoflible  to  alfign  any  one  phyfical  manner,  wherein  the  folution  of  all 
forts  of  bodies  Ihould  be  performed  indifferently.  But  after  the  elder  HeU 
mont  publifhed  his  writings,  chemilts  had  a  notion  of  a  certain  fecret  men- 
ftruum,  of  which  Paracelfus  was  faid  to  be  mailer  •,  and  which,  after  his 
ufual  manner  of  coining  names,  he  called  the  alcahelt  :  and  this,  if  ever 
known  to  any  man,  as  Helmont  folemnly  affirms  it  was,  mult  be  efteemed 
the  moft  valuable  difeovery  ever  yet  made  in  chemiltry;  or  any  other  art  i  as 
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being  of  greater  confequence,  and  more  to  be  defired  than  the  philofopher's 
'done;  as,  by  means  of  this  alcaheft,  the  moll  eflfedtual  remedies,  and  the 
greateft  opulency  might  eafily  be  procured.  This  was  the  judicious  opinion 
of  Mr.  Boyle ,  who  in  vain  employed  the  greateft:  pains  and  fkill  to.  find  it  out  ; 
but  yet,  in  his  judgment,  he  fcarce  feemsto  have  believed  there  ever  was  fuch 
a  thing.  Many  eminent  chemifts  have  wrote  largely  upon  this  menftruum, 
after  Helmont^  as  of  a  thing  they  knew.  Impoftors  have  made  their  advan¬ 
tage  of  it,  and.  tricked  thole  out  of  their  money  who  were  eager  to  learn  the 
fecret  *,  whilft  the  prudent  have  remained  indoubt,  without  fpeaking  defini¬ 
tively  about  it.  This  has  determined  me  to  give  a  faithful  hiftorical  narra¬ 
tion  of  the  matter  as  it  hands,  fo  far  as  I  can  learn  its  hiftory  from  the  wri¬ 
tings  of  thofe  who  have  treated  upon  tfie  fubje<5t ;  in  order  at  leaft  to  difeo- 
ver  the  fentiments  of  fuch  among  them,  who  declare  they  have  poflefled  and 
ufed  it.  But,  I  find,  that  all  the  later  authors  have  only  copied  from  HeU 
wont  upon  the  fubjedt.  As  to  what  Paracelfus  fays  of  the  alcaheft,  no  one 
could  have  thence  thought  of  fuch  a  thing,  if  Helmont  had  not  intimated  that 
a  my ftery  was  concealed  under  fo  quaint  a  term..  And  as  I  my  felf  do  not 
pofiefs  the  fecret,  all  that  I  can  poffibly  do  is  only,  by  a  ftri<5t  examination, 
and  exadl  comparifon  of  thefe  writers,  clearly  to  explain  the  matter,  fo  far  as 
1  cou’d  difeover  it  in  them  ;  for  if  they  knew  fuch  a  thing,  and  defigned  that 
a  careful  reader  fhould  find  it  in  their  writings,  I  cannot  think  of  a  better 
way  than  this  for  coming  at  it.  Whoever,  therefore,  would  undertake  the 
talk  of  preparing  fuch  a  menftruum,  fhould  know  upon  what  materials,  with 
what  inftruments,  and  in  what  way  to  operate,  that  his  labour  may  not  be 
loft.  But  here  it  is  of  the  laft  confequence  to  prevent  being  impofed  upon 
by  the  tricks  of  ftrolling  alchemifts  ;  who,  with  their  importunate  preten¬ 
ces,  and  infinuating  addrefs,  promife  they  know  not  what.  Thefe  vagabond, 
alchemifts  may  eafily  be  detected  by  any  one  who  underftands  the  dodlrine  of 
Paracelfus  and  Helmont ;  which  has  often  been  of  great  afliftanceto  me,  when 
lhad  fuch  noify,  ignorant  pretenders  to  deal  with.*  Let  us  therefore  exa¬ 
mine  the  matter  with  care. 

2.  The  word  alcaheft  is  mentioned  by  no  writer,  not  even  among  theche- 
mifts,  before  Paracelfus  y  who,  fo  far  as  I  can  find,  mentions  it  only  in  the. 
following  paftage,  viz.,  (a)  “  The  liquor  alcaheft  has  a  great  effedl  upon  the 
“  liver,  fo  as  to  fortify  and  invigorate  it,  prevent  the  dropfy,  and  all  dif- 
“  eafes  which  happen  to  that  part.  Its  procefs  is,  to  refolve  it,  after  it  is 
“  coagulated,  and  then  coagulate  it  into  atranfmuted  form  ;  as  its  procefs  of 
“  coagulating  and  refolving  (hews.  Then  if  it  conquers  its  like,  it  becomes 
41  a  medicine  exceeding  all  others  for  the  liver  :  and  though  the  liver  were 
“  confumed,  this  liquor  ferves  inftead  of  the  whole  liver,  as  Well  as  if  that. 
“  part  had  not  been  confumed.  Wherefore,  all  thofe  who  pradlife  phyfic, 
u  fhould  know  how  to  prepare  the.  alcaheft,  in  order  to  cure  numerous  dif- 
“  tempers  arifing  from  the  liver.**  Paracelfus ,  therefore,  has*  here  only 
ufed  the  word  twice,  and  does  not  ufe  it  in  any  other  place  ;  as  I  have  found 
by  carefully  examining  all  his  works.  Whence.no  one  would  have  had  any 
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farther  thoughts  upon  this  fubjedt,  if  it  were  not  for  Hehnont's  fubfequent 
interpretation.  • 

3.  The  origin  alfo  of  this  new  term,  coined  by  Paracelfus ,  has  been  en-  Its  etymology. 
quired  into  :  and,  as  his  manner  was  to  difguife  the  words  he  ufed,  by  tranf- 

pofing  the  letters  thereof,  fome  have  imagined  he  here  pra&ifed  the  fame  art ; 
and  thus  fometimes  alfo,  by  joining  the  initial  letters  of  words,  he  has  form¬ 
ed  fuchas  were  unheard-of  before  :  fo  when  he  means  to  mention  tartar,  as 
a  remedy  to  open  the  fpleen,  he  calls  it  futratar  (b).  Again,  when'  he  di-- 
redts  faffron,  (which,  on  account  of  its  yellow  colour,  being  called  aroma 
philofo-pharum ,)  in  difeafes  of  the  kidneys,  he  calls  it  aroph  (c) :  and  hence  fome 
have  thought,  that  alcaheft  fignified  the  fame  as  alkali  ejt(d as  if  its  balls 
were  an  alkali,  faturated  with  a  proper  acid.  Others  have  imagined,  it  was 
called  alcaheft  from  Saltz-geifl ,  or  the  fpirit  of  fait ;  as  fuppofing  the  alcaheft 
the  fame  as  the  Ciculatum,  and  prepared  from  fea-falt,  coagulated,  refolved, 
and  again  coagulated  into  a.tranfmuted  form.  There  are  others  who  fufpedt 
it  is  called  alcaheft,  in  allufion  to  algeijl ,  that  is  perfedt  fpirit,  made  by  coa¬ 
gulation,  refolution,  and  a  fecond  coagulation  ;  which  agrees  with  the  opi¬ 
nion  of  Faber ,  who  takes  it  for  a  pure  mercurial  or  metallic  fpirit,  fo  united 
to  its  proper  body,  as  thence  to  become  one  infeparable  and  indeftrudtable 
fubftance.  (<?).  But,  as  we  can  find  no  certainty  from  the  etymology,  let  us 
pafs  on  to  the  fynonymous  words  *,  and  try  if  any  light  can  be  gained  by  com¬ 
paring  them  together. 

4.  Paracelfus  has  given  us  no  fynonym*,  that  I  can  find,  to  the  alcaheft  ;  Synonyms?  s. 
but  Helmont  a  confiderable  number :  and  indeed,  we  have  no  afliftance  in 

this  affair  but  from  Helmont ,  who  profeffes  the  alcaheft  was  given  him. 

Helmont ,  therefore,  firft  calls  it  fimply  water,  and  fays,  he  “  knew  a  wa- 
“  ter,  which  he  did  not  think  proper  to  difcover,  by  means  whereof  all  ve- 
“  getables  might  be  tranfmuted  into  a  liquor,  capable  of  being  diftilled, 

“  without  leaving  any  faeces  behind  (/).  He  declares,  he  put  equal  quan- 
“  tities  of  a  certain  water  and  charcoal  into  a  glafs,  which  he  hermetically 
“  fealed,  and  fet  to  digeft  in  a  bath-heat  (g).  **  In  this  paffage,  he  calls 
the  menftruum  a  thick  water  ( h ) ;  and  fays,  that  in  the  firft  chapter  of 
the  fecond  book  of  the  Maccabees ,  mention  is  made  of  a  thick  water,  which 
was  perpetual  fire,  and  perhaps  not  unlike  his  water.  In  another  place,  he 
calls  it  a  diffolving  water  ;  and  fays,  the  liquor  alcaheft  is  an  immutable,  dif- 
folving  water  (/).  He  comes  nearer  to  the  purpofe,  when  he  calls  it  by  a  com¬ 
pound  word,  ignis-aqua ,  fire-water  ( k ).  Where,  giving  an  allegorical  account 
how  he  came  by  his  knowledge;  he  pretends  he  received  a  phial,  in  .which  was 
the  fingle  term  ignis-aqua ,  a  perfectly  fimple,  fingular,  undeclinable,  immu¬ 
table,  and  immortal  word.  He  alfo  calls  it  a  latex ,  or  clear  water,  reduced 
to  the  minuteft  pofiible  atoms  (l).  He  frequently  calls  it  a  liquor  (m). 

He  afferts,  that  by  applying  the  liquor  alcaheft  of  Paracelfus ,  all  bodies  may 
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be  readily  converted  into  water  (n)  *,  and  that,  by  the  infernal  fire,  which  is 
the  liquor  alcaheft  of  Paracelfus ,  it  may  be  known  how  much  of  another  lu¬ 
minary  a  vegetable  poffeffies(fl).  He  alfo  calls  it  a  diffolving  liquor  (/>). 
All  which  feems  to  intimate,  that  this  fecret  may  exift  in  a  moift  liquid  form, 
like  water. 

5.  In  another  place,  he  ufes  ignis  Gehenna ,  or  infernal  fire,  as  fynonymous  ; 
faying  exprefsly,  by  the  infernal  fire,  which  is  the  liquor  alcaheft  of  Paracel- 
fits  (q).  And  again,  in  another  place  (r),  native  fand  refills  both  art  and  na¬ 
ture,  and  can  by  no  means  be  refolvedy  except  by  the  artificial  infernal  fire 
alone  ;  which  artificial  fire  converts  fand  to  fait  (j).  If  Helmont  therefore  fol¬ 
lows  Paracelfus  in  the  ufe  of  this  word,  we  may  thence  difcover  what  the 
word  alcaheft  is  •,  becaufe  Paracelfus  has  wrote  exprefsly  of  this  infernal  fire. 
But  more  of  this,  when  we  come  to  treat  of  the  alcaheft  it  felf. 

6.  Next,  Helmont  fays,  it  is  the  higheft  and  moft  fuccefsful  of  allfalts  ;  ha¬ 
ving  obtained  the  utmoft  degree  of  purity  and  fubtilty  poflible  in  nature  (/). 
And  hence  he  feems  to  call  it  the  ens  primum  of  faltsfw),  the  fal  circulatum , 
and  the  fal  circulatum  of  Paracelfus  (x).  And  hence  the  circulatum  majus  (y\ 
the  fal  circulatum  (2),  the  fal  circulatus  (a)>  and  the  fal  circulatus  Paracelfi  (b)y 
of  which  he  treats  in  his  book  de  renovatione  &  rejlauratione.  Could  we 
therefore  here  depend  upon  the  fincerity  and  fidelity  of  Helmont ,  we  might, 
from  thefe  fynonymous  words,  and  the  writings  of  Paracelfus ,  attempt  to 
difcover  this  wonderful  menftruum. 

7.  But,  before  we.  enter  upon  the  work,  we  mull  confider  the  origin  of 
the  alcaheft  ;  and  this,  we  are  told,  is  no  where  to  be  found  fpontaneous  in 
nature  :  becaufe,  as  Hlmont  fays,  nature  has  it  not  (c)  ;  and  exprefsly  aflerts, 
that  a  part  of  earth  may  be  homogeneoufly  reduced  to  water  by  art  ;.  at  the 
fame  time  ftrongly  denying  it  can  everbedone  by  nature  alone;  nature  having 
no  agent  capable  of  reducing  true  earth  to  fait  and  water.  Nor  can  it  be 
produced,  except  by  chemillry  alone;  which  alone  hath  found  a  clear  water, 
that  cannot  be  tranfmuted,  and  is  reduced  to  the  minuteft  particles  poflible  in 
nature  (d) tho’  not  by  the  vulgar  chemiftry,  but  by  the  labour  of  know¬ 
ledge  (e) ;  and  this  as  its  ultimate  mafter-piece,  as  he  exprefsly  declares,  re¬ 
peating  the  word,  “  thus  at  length,  thus  at  length,  l  fay,  chemiftry  prepares 
an  uhiverfal  folvent,  as  its  ultimate  effort”  (/).  And  again,  there  is  hot 
in  all  chemiftry  a  more  difficult  procefs  than  that  for  preparing  the  alca¬ 
heft  ;  nor  a  more  operofe  thing  in  all  chemiftry ;  it  being  not  obtainable  by 
reading  or  meditation;  but  by  plenitude  of  fcience,  doubly  confirmed,  is  a 
knowledge  of  this  operation  to  be  acquired :  whence  it  is  very  feldomgiven  to 
any  one  (g).  This  liquor,  therefore,  being  of  a  moft  tedious  preparation, 
cannot  be  compaffied  by  the  human  underftanding,  tho*  a  perfon  is* /killed  in 
the  art ;  unlefs  the  Moft  High  fhould,  by  a  fpeciai  gift,  put  him  in  poffieflion 
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of  it  ;  as  chofen  for  the  purpofe,  by  a. particular  privilege,  to  enjoy  it  (/) : 

God  alone  being  the  difpenfer  of  it,  for  reafons  known  to  the  adept  (g).  From 
the  origin  of  the  alcaheft,  here  delivered  by  the  author,  it  is  plain  how 
weakly  they  err,  who  fancy  they  can  make  it  with  eafe  :  fuch  pretenders  at 
once  betray  their  ignorance,  and  falfify  their  own  tumid  pretenfions.  Nor  let 
them  think  to  fcreen  themfelves,  by  pretending  there  are  many .  alcahefts : 
for  Helmont  flatly  contradi&s  them,  by  affirming,  that  as,  in  all  nature,  there  is 
only  one  fire*,fo  Iikewife  there  is  but  one  only  liquor  whidh  diflolves  all  folids 
into  their  firft  matter,  without  fuffering  any  change  it  felf,  or  diminution  of 
its  virtues-,  as  the  adepts  well  know,  and  atteft  (h).  And  by  means  of  this 
do&rine  it  is,  that  1  have,  with  fafety  to  my  felf,  been  able  to  keep  off  nu-  . 
merous  pretenders  to  fcience  ;  fanguine  in  hopes,  and  abounding  in  promifes, 
but  often  proving  deceitful,  faithlefs  impoftors :  for,  after  afking  them 
a  queftion  or  two,  I  foon  found,  by  their  anfwers,  how  little  they  under- 
ftood  of  the  fubjqdt  they  fo  varnifhed  over  with  words. 

8.  Let  us  next  confider  the  ftupendous  effedts  afcribed  to  this  wonderful  its  ejefls  *p 
fecret.  And  firffc,  as  a  menftruum,  it  is  faid  to  exert  an  effe&ual  power  in  on  the  fubjett 
diflolving  all  the  known  fenfible  bodies,  of  what  kind  foever;  even  gold  and 
mercury,  upon  which  no  other  fubftance  can  intimately  adt.  For  thus 
fays  Helmont :  “  Oar  mechanical  art  has  (hewn  me,  that  every  fubftance,  as 
“  ftones,  flint,  fand,  gems,  marcafite,  clay,  earth,  brick,  glafs,  lime, 

“  fulphur,  &c.  may  be  tranfmuted  into  an  adtual  fait,  equal  in  weight  to 
“  the  body  which  affords  it :  and  I  know  how  to  reduce  plants,  flefh,  fifh, 

“  bone,  and  every  thing  of  the  like  kind,  into  their  three  pure  principles. 

“  But  metals,  on  account  of  the  equal  commixture  of  their  feed,  are  very 
“  difficultly  reduced  to  fait ;  fo  Iikewife  is  fand  (i):  for  fand,  or  original 
“  earth,  refills  both  nature  and  art ;  and  will  not  quit  its  primitive  conftan- 
“  cy,  by  the  power  of  either  :  and  it  is  only  by  means  of  the  artificial,  in- 
“  fernal  fire,  that  fand  turns  to  fait,  and  at  length  to  water  (k).  Again,  the 
“  alcaheft  of  Paracelfus  tranfmutes  all  the  natural  bodies,  by  fubtilizing 
“  them  (/).  And  elfe where,  all  bodies  are  eafily  reduced  to  water,  by 
“  means  of  Paracelfus* s  liquor  alcaheft -,  even  fuch  as  otherwife  cannot  be  re- 
“  folved  into  their  three  principles  (tn):  and,  by  its  means,  all  vegetables, 

“  even  charcoal  made  of  oak,  are  changed  into  a  liquor,  that  leaves  no  faeces 
“  behind,  upon  diftillation  (»)  :  for  one  and  the  fame  liquor  alcaheft,  per- 
“  fedtly  reduces  all  the  tangible  bodies  of  the  whole  univerfe,  into  their 
“  original  life  {o).  And  thus  it  Iikewife  adts  upon  all  poifons  (j>).  It  dif- 
<c  fol'ves  all  things,  except  it  felf,  as  hot  water  diflolves  fnow(^):  even  oil, 

“  and  fpirit  of  wine(r);  cedar- wood  (j)  ;  all  the  kinds  of  elixir  proprieta- 
ts  tis  {t)s  the  Indus  of  Paracelfus  (u)  ;  mercury  (jv);  and  even  gold  it  felf  (j), 

“  which  cannot  otherwife  be  radically  reduced  into  its  component  principles, 

“  by  any  folvent  whatever  as  it  is  much  eafier  to  make  gold  than  to  deftroy 
“  it,*  according  to  the  unanimous  confent  of  philofophersf.^ 
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Its  manner  of  8.  Let  us  next  confider  the  manner  wherein  the  alcaheft  exerts  its  efficacy 

a3i”&'  upon  the  fubjeds.  Its  power,  we  find,  is  always  increafed  by  fire ;  the* 
only  a  fmall  degree  thereof  is  required  in  digefting,  diftilling,  or  cohobating : 
for,  a  coal  of  oak.  and  the  alcaheft  being  put  together,  in  equal  quantities, 
and  the  containing  glafs  Hermetically  fealed  ;  the  folution  was  performed  in 
three  days  time, by  digefting  in  a  bath-heat  (z).  The  fal circulatumby  bare  di- 
geftion,  wonderfully  changes  all  oil,  and  fpirit  of  wine  {a).  The  alacheft  being 
put  to  an  equal  weight  of  cedar- wood,  reduced  to  chips  j  and  the  glafs 
Hermetically  fealed  ;  the  whole  fubftance  of  the  wood  was,  with  a  warm  di- 
geftion,  for  a  week,  changed  to  a  milky  liquor  (b).  Sometimes,  alfo,  the 
bufinefs  is  performed  by  a  fingle  diftillation  j  for,  the  liquor  alcaheft  being 
once  diftilled  from  common  mercruy,  leaves  it  behind,  coagulated  and  re¬ 
ducible  to  powder  *,  but  neither  increafes  nor  diminifhes  its  weight :  and  this 
it  does  in  a  quarter  of  an  hour  (c).  But  in  other  cafes,  cohobation  is  re¬ 
quired  before  the  defired  effetft  can  be  obtained  ;  for,  bodies  turned  into  fait 
of  equal  weight  refpedtively,  are  fometimes  to  be  cohobated  with  the  fal  cir- 
ciilatum  of  Paracelfus ,  before  they  depofit  all  their  fixity  (d):  efpecially  me¬ 
tals,  and  principally  gold,  by  reafon  of  the  perfectly  equable  commixture  of 
their  feed  (<?).  But  otherwife,-a  fingle  diftillation  of  the  alcaheft,  from  the 
Indus  or  cevilla  of  Paracelfus\  being  a  ftone  found  at  the  bottom  of  the 
Scbeld  near  Antwerp  will  in  two  hours  convert  the  whole  ftone  into  fait  of 
the  fame  weight.  Nor,  do  I  find  any  other  way  of  applying  this  univerfal 
folvent  *,  nor,  that  a  greater  force  of  fire  is  required  :  it  may  therefore  diflolye 
all  bodies,  by  means  of  a  gentle  agitation  of  its  own  parts,  occafioned  by 
fire  *,  .for  the  alcaheft  may  be  diftilled  with  the  fecond  degree  of  heat  of  a 
fand- furnace  (f)  \  and  does  not  rife  with  the  tepid  warmth  of  a  bath  (£). 

Its  ejfeSis.  9.  There  has  been  nothing  in  all  nature,  hitherto  obferved  or  related 
more  furprifing  than  the  phyfical  change  which  thefe  authors  attribute  to 
the  action  of  this  menftruum  ;  as  it  at  once  changes  the  whole  body  of  the 
fubjedt  into  a  different  mafs,  without  the  leaft  alteration  of  weight  in  the 
operation.  The  mafs,  after  being  thus  changed,  feems  always  to  appear 
either  in  a  fluid  or  faline  form,  tho*  with  fome  difference ;  for  quickfilver, 
by  the  a&ion  of  the  alcaheft,  becomes  a  fixed  powder,  that  may  be  ground, 
and  refills  a  blaft-heat,  and  the  power,  of  lead  upon  the  teft  (b).  And  al- 
m oft  all  other  bodies  are  by  it  turned  into  an  equal  weight  of  fait  (i).  Oak 
charcoal  is  immediately  changed  by  it,  into  two  tranfparent  liquors,  diffe¬ 
rent  in  colour  and  gravity  ( k ).  Cedar-wood  is  changed  into  a  milky  liquor, 
of  the  fame  weight,  and  afterwards  into  two  kinds  of  oil,  which  by  bare  di- 
geftion  turned  to  a  pure  fait,  mifcible  with  water  (/).  The  Indus  of  Paracelfus^ 

•  in  two  hours  time,  by  a  fingle  gentle  diftillation,  is  totally  converted  into  a  fait 
of  equal  weight,  which  runs  per  dehquium  in  the  air,  and  affords  a  fluid  with¬ 
out  any  faeces  (m).  Prom  all  which  it  is  plain  that  this  folution,  tho*  it  differs 

at 


(a)  p.  88-.  §.  29.  {a)  p.^67. 

(b)  p.  634.  (c)  p.  628,  776. 

(tt)  p.  43.  $.11.  (*)  Ibid. 
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at  the  firft,  yet  at  length  always  reduces  the  diflolved  bodies  to  the  form  of  a 
fait,  foluble  in  water,  except  quickfilver ;  which,  on  account  of  its  great  purity 
and  fimplicity,  cannot  be  turned  to  fait :  whence,  it  radically  refills  all  the 
poflible  reparations  of  art  or  nature,  and  therefore,  is  perfectly  indeftrudtible  («). 
Thefe  bodies,  therefore,  when  turned  to  an  equal  quantity  of  fait  by  the 
alcaheft,  Hill  retain'  their  peculiar  virtues  depending  upon  their  feminal 
powers ;  which  confequently  are  peculiar  and  incommunicable.  This  re¬ 
markable  property  is  defcribed,  where  he  fays  ( o )  That  *  the  alcaheft  of 
6  Paracelfus  tranfmutes  all  the  bodies  in  nature,  by  fubtilizing  them :  for, 
V  when  bodies  are  fubtilized  as  high  as  poflible,  they  at  length  change  to 
4  another  fubftance,  but  retain  their  feminal  properties  (p) :  and  by  means 
4  of  the  univerfal  folvent  all  things  are  brought  back  to  their  Em  pritnum , 

4  and  retain  their  native  virtues ;  whence  great  and  unlimited  powers  may 
4  be  obtained.’  And  plainer  ftill  (q)  ;  4  This  liquor  only,  can  diflolve  all  folids 
4  into  their  firft  matter,  without  any  diminution  or.  alteration  in  itfelf.* 
Whence  he  recommends  4  the  knowledge  of  that  homogeneous  and  im- 
4  mutable  menftruum,  which  diflolves  its  fubjedts  into  their  firft  liquid  mat- 
4  ter  ;  whereby-  the  internal  eflences  of  things,  and  their  properties,  may  be 
4  feen  (r).* 

10.  By  this  means,  therefore,  all  thefe  bodies  turn  to  a  faline,  volatile, - 
fubftance,  containing  the  prefiding  fpirit  of  each  fubjedt,  refpedtively  ;  which 
faline  matter  may  be  intimately  mixed  with  all  the  animal  fluids,  and 
circulate  with  them  thro*  all  the  veflels  thereof,  fo  as  every  where  in  its  paf- 
fage  to  exert  its  peculiar  virtues  upon  the  body.-  Whence,  fuch  fubftances  ; 
have  been  called  potable*,  and  thus,  for  example,  by  potable  gold,  the  adepts 
underftood  gold  reduced  to  fuch  a  faline  body  ;  tho*  they  have  only  boafted 
themfelves  poftefled  thereof,  either  thro*  vain-glory,  or  the  fpirit  of  delu- 
fion.  Gold  diflolved  by  acids,  is  no  more  than  a  liquor  containing  unaltered  • 
particles  of  that  metal  ;  but  the  aurim  pctabiie  of  the  philofophers,  is  of  equal- 
weight  with  the  gold  employed,  without  the  admixture  of  any  menftruum,  , 
and,  only  the  pure,  firft  matter,  or  ens.  primum  of  the  gold  itfelf  (j); 

11.  The  moft  extraordinary  thing  belonging  to  the  alcaheft,  is  ts  being - 
capable  of  diflolving  bodies,  without  mixing  itfelf  among\them  *,  but,  re¬ 
maining  perfedtly  feparate  from  all  their  particles,  without  increafing  or  di- 
minilhing  the  weight  of  the  fubftance  diflolved  *,  as  plainly  appears  (t)  hence, 
that  oak-coal  was,  with  a  bath- heat,  diflolved  by  it  into  two  diftindt  liquors 
of  different  colours  and  properties,  and  thus  came  over  by  diftillation,  leav¬ 
ing  the  folvent  liquor  behind,  of  the  fame  weight  as  at  firft  :  for,  he  found 
no  body,  whereto  the  alcaheft  would  unite  ;  being  itfelf  a  pure,  fubtile  fub¬ 
ftance,  reduced  to  the  fmal left  poflible  particles;  and,  therefore  incapable  of 
all  fermentation  and  admixture  («)  ;  fo  that  it  produces  its  eftedt:  by  a  bare 
external  adlion,  and  not  concreting  with  the  body  it  changes  :  as,  the  pureft 
fire  adts  upon  its  objedts;  or,  as  hot  water  diflolves  ice  (x).  For  this  liquor 
leaves  no  part  of  itfelf  mix’d  with  the.  body  diflolved  (j). 

•  *  12,  - 

(»)  p.  55,  §.  8.  p.  705. §.  10.  b)p-55-§.7-‘  tO  See  Helmont,  p.700.  §  ?o.  (ftp.  88  §.38. 
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12.  Hence,  the  alcaheft  appears  to  have  two  extraordinary  properties, 
with  refpeCt  to  all  other  menftruums;  viz.  (i.)  That  it  does  not  aCl  by  at¬ 
traction,  or  repulfion,  but  entirely  by  a  certain  mechanical  force  ;  contrary  to 
all  other  of  the  known  menftruums,  unlefs  perhaps,  we  except  fire.  (2.)  That 
it'conftantly  preferves  all  the  native  virtues  of  the  bodies  it  diflolves ;  and 
yet,  when  it  refolves  poifons  it  deprives  them  of  their  virulence,  or  noxious 
quality,  and  endows  them  with  the  higheft  medicinal  virtues,  by  reducing 
them  into  their  firft  matter  (z) ;  which  is  extremely  difficult  to  underftand. 

13.  When  the  alcaheft  has  thus  reduced  all  bodies  into  their  faline  and 
volatile  ens  primum ,  fo  as  to  retain  their  refpeCtive  native  virtues  ;  if  the  fub- 
jeCts  be  farther  urged,  by  the  aCtion  of  the  fame  folvent,  they  lofe  their  fa- 
line  nature,  and  all  their  proper  feminal  virtue :  whence,  all  thefe  different 
fubje&s  are  reduced  to  the  fame  indolent,  fcentlefs,  infipid,  fimple,  ele¬ 
mentary  water:  fo  that,  by  applying  this  folvent  too  long,  the  former  ex¬ 
cellent  productions  are  deftroyed.  From  hence,  at  the  fame  time,  it  ap¬ 
pears  that  water  muft  thus  be  the  ultimate  matter  of  all  tangible  bodies  i  the 
alcaheft  itfelf  being  unable  to  aCt  any  farther  upon  this  water  :  which,  how¬ 
ever,  being  again  impregnated  with  what  feed  foever,  may  thus  pafs  into 
any  new  kind  of  body. 

14.  The  author  exprefles  himfelf  thus  :  ‘  All  bodies,  we  fee,  are  tranf- 
c  mutable  into  an  aCtual  fait,  equal  in  weight  to  the  original  fubjeCt;  which 
‘  fait  being  feveral  times  cohobated  with  the  fal  circulatum  of  Paracelfus , 

‘  lofes  all  its  fixednefs,  and  tranfmutes  into  a  liquor,  which' at  length  be- 
‘  comes  infipid  water,  equi-ponderant  to  the  fait  that  afforded  it  (a).  Native 
‘  fand  turns  to  fait,  and  at  length  to  water,  by  means  of  the  artificial,  in- 
‘  fernal  fire,  and  by  no  other  ( b .)  I  know  a  water,  by  means  whereof  all 
4  vegetables  are  changed  into  a  diftillable  liquor,  without  leaving  any  fasces 

4  at  the  bottom  of  the  glafs  ;  and  this  diftilled  liquor  is  totally  reduced,  with 
‘  alkalies,  into  infipid,  elementary  water  (r).  Oak-coal  converted  into  two 
*  liquors  by  the  alcaheft,  rifes  by  diff illation,  with  the  admixture  of  a  little 

5  chalk,  nearly  of  its  original  weight ;  and  has  all  the  properties  of  rain- 
4  water  (d) :  and,  thus  all  things  become  fo  volatile,  as  to  rife  with  a  bath- 
4  heat;  leaving  the  alcaheft  behind  at  the  bottom (e).* 

15.  It  appears  extremely  ftrange,  that  this  menftruum,  which  has  fuch 
wonderful  effeCts  upon  all  forts  of'  bodies,  fliould  never  be  in  the  leaft  di- 
miniftied,  altered,  or  impaired  by  them  :  in  which  refpeCl,  it  truly  refembles 
fire  ;  whereto  it  may,  therefore,  juftly  be  compared.  Thus  the  author 
clearly  fays,  that,  it  aCts  upon  all  fublunary  bodies,  without  being  aCted 
upon  (/),  And  when  it  had  fo  wonderfully  diifolved  the  oak-coal,  it  re¬ 
mained  at  the  bottom,  ftill  of  the  fame  weight  and  virtue  (g).  Accordingly, 
no  tranfmutation  of  the  alcaheft  is  to  be  expeCVed  becaufe  there  is  no  other 
body  it  can  join  or  ferment  with  :  whence,  it  never  dies  ( [b ).  With  its  utmoft 
aCtion,  therefore,  it  reduces  all  tangible  bodies  into  a  middle  life ;  without 
fufrering  any  change,  or  diminution  of  its  virtues  (<).  It  is,  therefore,  immu¬ 
table 

(*)  P  374-  §•  49-  («)  P*  43-  §.  24.  p.  634.  f/Jp.  45- ^ 
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fable  and  immortal  (£).  Jt  is  the  only  fubftance  not  altered  by  a&lon  (/;. 
It  acfts,  therefore,  without  fuffering  re-a&ion,  or  being  itfelf  weakened  ( m ). 
For,  it  is  an  homogeneous,  and  immutable  difiolvent  ( n ).  And  remains  nu¬ 
merically  the  fame  in  weight,  and  virtue  ;  as  well  after  being  a  thoufand 
times  employed,  as  after  being  but  once  ufed  (<?). 

1 6.  It  is  farther  to  be  obferved  of  this  menftruum,  that  it  has  a  wonderful 
degree  of  fixednefs,  or  volatility,  in  the  fire :  for,  after  it  has  rendered  all 
bodies,  even  thofe  of  the  moil  fixed  kind,  fo  volatile  as  that  they  may  be  di- 
ftilled  over  with  a  bath-heat  *,  yet  itfelf  does  not  rife  with  them,  but  re¬ 
mains  fixed  at  the  bottom  (p).  At  the  fame  time,  the  alcaheft  is  fo  volatile, 
as  with  the  fecond  degree  of  heat  in  a  fand-furnace,  to  rife  by  diftillation, 
along  with  the  bodies  it  had  difiolved  (q).  Whence,  it  may  be  drawn  off 
from  common  mercury,  thus  fixed,  and  coagulated  (r).  And  from  hence, 
we  have  the  exadl  limitation  of  the  fmall  degree  of  heat,  wherein  the  full 
power  of  the  alcaheft  is  exerted  upon  all  the  bodies  in  nature.  \ 

17.  We  muft  farther  obferve,  that  tho’the  alcaheft  be  infeparable  by  all 

other  bodies,  and  ought  never  to  be  impaired  ;  yet  there  is  one  fubftance  in 
nature,  wherewith  it  may  unite.  This  plainly  appears  from  confidering  the 
following  pafiage  of  the  author  (s).  ‘  Chemiftry  is  anxious  to  find  a  body  of 

‘  fo  great  purity,  as  not  to  be  diftipated  or  corrupted  3  and  at  length  the  art 
‘  was  aftonifhed  upon  difcovering  an  aqueous  liquor,  which  being  reduced 
‘  to  the  minuteft  atoms  poftible  in  nature,  would  not  unite  with  any  ferment, 
c  whence,  its  transmutation  was  defpaired  of,  as  not  finding  a  body  more 
‘  noble  than  itfelf,  wherewith  to  join :  but,  the  labour  of  philofophy  made 
‘  an  anomalous  thing  in  nature,  which  without  mixing  with  any  ferment,  rofe 
6  different  from  itfelf.  This  ferpent  biting  itfelf,  recovered  from  the  poi- 
‘  fon  *,  and  was,  thence,  immortal.* 

18.  Whence,  we  fee,  that  here  was  a  certain  conjunction  of  two.things, 
however  different  they  might  be.  This  appears  more  plainly,  and  di- 
ftincftly  (/)  where  he  fays,  that  one  and  the  fame  liquor  alcaheft,  per¬ 
fectly  reduces  all  the  tangible  bodies  of  the  univerfe,  into  their  firft  life, 
without  fuffering  any  change  itfelf,  or  lofs  of  virtue  3  being  only  fubdued 
and  changed  by  its  equal.  In  another  place  he  comes  nearer  to  the  point  («), 
where  he  fays,  that,  mercury  freed  from  its  original  fulphur  cleaving  to  its 
innermoft  part,  is  immutable  in  the  fire,  and  immediately  confumes  all  other 
feeds,  except  its  equal. 

13.  Thus, I  have  given  a  faithful  account  of  the  alcaheft,  upon  the  credit 
of  Helmont ;  and  do  not  remember,  that  I  have  any  where  elle  read  of  fuch 
a  thing  ;  which  is  not  fpoke  of  by  the  ancient  philofophers,  phyficians,  or 
other  chemifts,  tho*  it  be  the  mod  defirable  particular  in  all  phyfics.  It 
will,  therefore,  be  expe&ed  I  fhould  fay  fomewhat  of  the  matter  it  is  to  be 
made  from.  And,  I  muft  own  that  I  have  tried  an  incredible  variety  of  ex. 
periments  to  this  purpofe  j  and  have  fometimes  repented  of  and  detefted  the 
labour. 

E  e  e  e 
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20.  Paracel fus  had  a  liquor  procured,  by  a  moft  tedious  procefs  of  cir¬ 
culation,  from  fea-falt,  wherein  nature  has  placed  the  utmoft  perfection. 
This  fait  he,  by  incredible  induftry,  reduced  to  a  perpetual  oil,  and  calls  it 
the  Ens  primum  of  falts  :  the  oil  of  fait,  the  liquor  of  fait,  the  water  of  fait, 
the.leffer  fal  circulatum ,  and  the  lefs  circulation  (w).  The  preparation  of  the 
fal  circulatum  is  troublefome,  tho*  clearly  defcribed  •,  excepting  that  one  can¬ 
not  fay  what  kind  of  fpirit  of  wine  is  here  directed,  to  feparate  the  impure 
from  the  pure.  This  preparation  perfectly  correfponds  with  what  Helmont 
fays  *,  viz.  that  ‘  the  falts  of  bodies,  feveral  times  cohobated  with  the  fal 
‘  circulatum  of  Paracelfus ,  turn  to  water  (x).*  And,  hence,  he  afcribes  the 
virtues  of  the  alcaheft  to  the  Ens  primum  of  falts  ( y ).  He  farther  declares 
that  all  poifons  are  deftroyed  by  the  fal  circulatum  (z).  Hence,  he  calls  it  the 
higheft  and  moft  fuccefsful  of  all  falts  ;  which  being  brought  to  the  utmoft 
degree  of  purity,  and  fubtilty,  pervades  all  bodies,  and  readily  diftolves  them  j 
itfelf  remaining  unchanged  in  the  a&ion  (a).  This  fal  circulatum  has  a 
wonderful  effecft  upon  oil  and  fpirit  of  wine  (b)  \  and  reduces  bodies  into 
the  liquor  whereof  they  were  concreted  (c).  He  alfo  fays,  that  the  ludus 
may  be  prepared  with  it  (d). 

21.  But,  Paracelfus  had  another  folvent,  much  more  powerful,  and 
much  more  difficult  to  be  obtained,  than  the  circulatum  minus ;  whence  he  has 
called  it  the  circulatum  majus  ( e ).  He  appofitely  terms  it  the  matter  of 
mercurial  fait:  and  thence,  likewife  calls  it  the  living  fire  (/).  Now,  he 
acknowledges  that  the  higheft  fire,  and  celeftial  life,  lie  hid  in  common 
mercury  :  and  fays,  the  quinteffence  of  mercury  is  celeftial  fire,  if  diffol- 
ved  with  its  parent,  or  the  fecret  of  fait  (g-).  When,  therefore,  thefe  two- 
are  intimately  combined  by  a  true  union,  and  brought  to  a  high  degree  of 
purity,  fubtilty,  and  volatility,  they  feem  to  make  that  wonderful  mercurial 
water,  which  he  defcribes  in  his  chapter  of  the  fpecific  folvent ,  where,  he 
fays,  ‘  that  gold  dies  therein,  fo  as  no  longer  to  remain  gold :  whereas,  in 
4  other  folutions  of  that  metal,  it  is  only  minutely  divided,  and  ftill  remains 
6  true  gold  ;  being  always  eafily  recoverable,  in  its  priftine  form,  upon  re- 
6  du&ion.9  By  this  means,  therefore,  there  is  a  perfect  union  made  of  water 
with  water:  for,  here  are  two  kinds  of  water  employed  j  viz.  the  common 
water  contained  in  the  fait,  and  the  metallic  water  contained  in  the  mercury, 
tho*  they  both  are  fuppofed  to  have  the  fame  origin. 

22.  All  this  feems  to  have  been  under  flood  in  our  fenfe  by  Helmont ;  as  ap¬ 
pears  by  the  following  paffage(^.  ‘  The  internal  mercury  of  metals,  puri- 
4  fied  from  all  its  metallic  fulphur,  remains  every  way  undiffolvably  united  ; 

4  fo  as  radically  to  fuller  no  divifion,  either  by  nature  or  art.  Nor,  fhould 

6  I  ever  have  learnt  the  nature  of  water,  had  it  not  been  for  the  correction  of  N 
4  Mercury* s  zvand ;  whereby  I  find  the  nature  of  mercury  adequate  to  that  of 
4  water:  for  mercury  contains  no  earth  j  but  is  conftantly  produced  by  water(z'),* 

Again, 


(w)  Lib.  IX.  Archid.  in  remedio  ad  ma- 
culas.  In  tra&atu  de  fale,  c.  4.  In  correftione 
&  additione.  L.  de  Renovat.  Archidox.  IV. 
c.  4.  EiTentia  de  falibus.  Archid.  L.  VIII. 
C.  de  elixire  falis.  Quintae  efientiae  extraCtio 
e  falibus.  Archidox.  X.  c.  2. 

(*)  P-43-  §•  Wp-4‘9' 


(%)  p.374.  §.49.  (a)  p.  380.  §.24. 

(£)  p.  576.  (r)  p.  628. 

(d)  p.700.  §.23.  (1?)  Archidox.^. c.  4. 

(f)  Archidox.  X.  c.  5,  6. 

(g)  Archidox.  X.  c.  17. 

(b)  P  5 S*  §•  8. ,  (i)  p.  56>  7°S-  §•  JO* 
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Again,  4  if  I  had  not,  with  all  the  ancient  alchemifts,  feen  that  quickfilver 
4  eluded  all  the  flcill  of  artifts  ;  fo  as  either  totally  to  evaporate  in  the  fire,  or 

*  totally  to  refill:  the  utmoft  violence  thereof;  and  in  both  cafes,  remain 
‘  unchanged,-  or  identically  the  fame  primitive,  homogeneous  fubftance,  I 
‘  ftiould  fay  that  the  art  was  falfe  ;  which,  on  the  contrary,  I  find  to  be  true  : 

*  fo  that,  what  is  above,  refembles  what  is  below  ;  and,  vice  vend.  And, 
4  hence,  it  is  perfe&ly  impofhble,  either  by  art  or  nature,  to  find  a  diverfity  of 
‘  parts  in  the  homogeneous  fubftance  of  mercury  ;  even  the  alcaheft  itfelf  can- 
‘  not  do  it:  for  mercury  is  more  fimple  than  gold,  and  more  identically,  and 
‘  more  equably  compofed  :  whence,  mercury  is  nearly  as  indeftru&ible  as  the 
4  elements  themfelves  ;  fo  that  all  fublunary  things  are  too  weak  to  lubdue, 
4  penetrate,  change,  or  contaminate  pure  mercury  ;  which  remains  un- 
4  touched  in  the  air,  in  fire,  and  in  corrofive  liquors  :  for  it  is  not  touched, 

*  much  lefs  penetrated  by  any  diflolvent ;  and,  therefore,  there  is  nothing 
4  in  nature,  like  to  this  pure  mercury,  by  many  degrees  f/t).  It  is  hence  like, 
4  and  nearly  approaches  to  the  Ensprimum  of  metals  (l).  And  exifts  aCtu- 
4  ally  fimple,  and  not  as  a  conftituent  part  of  bodies  (m).  And  for  all  thefe  rea- 
4  fons,  we  know  that  it  only  can  be  fubdued  and  changed  by  its  equal  alonef n). 
4  Becaufe  this  anomalous  production  in  nature,  rifes  without  any  different  fer- 
4  ment  mixing  with  it ;  but  biting  itfelf,  it  recovers  from  the  poifon,  and 
4  afterwards  proves  immortal  (o).* 

23.  And,  this  is  all  the  hiftory  I  can  give  of  the  alcaheft  of  Paracelfus ,  and 
Helmont ,  faithfully  extracted  from  their  own  writings  :  whence,  it  is  eafy  to 
fee,  that  this  menftruum  is  not  to  be  fought  for  in  human  urine,  or  any  pro¬ 
ductions  thereof ;  nor,  in  tartar,  or  any  of  its  preparations :  though  a  fubfti- 
tute  may  hence  be  had  for  the  principal  (p).  Nor  can  phofphorus  be  ever  em¬ 
ployed  for  this  purpofe;  as  being  repugnant  to  the  properties  above  laid  down. 
Glauber  was  miftaken,  when  he  fought  the  alcaheft  in  the  fixed  alkali  of 
nitre :  and,  Zwelfer ,  when  he  fought  it  in  the  ftrong  fpirit  of  vinegar,  di- 
ftilled  from  verdigreafe.  Rolfinkius  had  no  juft  notion  of  the  thing,  when 
he  fuppofed  it  to  confift  of  the  fixed  alkali  of  tartar  for  its  bafis,  joined  to  an 
acid  of  the  mineral,  vegetable,  or  animal  tribe :  for,  fait  of  tartar  with  the 
vinegar  of  antimony,  makes  only  the  tartar  of  vitriol ;  with  vinegar,  from 
wine,  a  tartarus  tartarifatus ;  and,  with  acid  whey,  only  a  better  fort 
of  the  fame :  nor  does  the  addition  of  fal-ammoniac  much  alter  the  matter  (q). 
But,  no  one  feems  to  have  better  underftood  the  meaning  of  Paracelfus 
and  Helmont ,  in  defcribing  the  alcaheft,  than  Petrus  Johannes  Faber ,  in 
his  manufcript  upon  alchemy,  fent  to  the  Duke  of  Holfacey  and  publilhed  in 
the  German  Ephemerides  (r) :  where  there  is  a  remarkable  confirmation  of 
my  opinion,  to  the  following  purpofe.  The  liquor  alcaheft  is  a  pure 
mercurial,  metallic  fpirit,  fo  clofely  connected  to  its  own  natural  body,  that 
thefe  two  become  one  infeparable,  indeftruCtible  fubftance,  deftroying  all 
things,  and  turning  them  into  their  firft  matter.  It  is  a  true  philo- 
fophical  mercury,  chofen  from  the  mineral  kingdom,  and  joined  with  its 

E  e  e  e  2  own 

ft)  p.  670.  §  17.  (/)  p.1705.  §,  4.  ft)  See  Epb.Germ.  D.  1.  Anno  6,  7.  p.  193. 

( m )  p.  670  §.17.  ft)  p.  265.  §.  1 1 .  —  1 96.  App. 

C °)  P-  94-  §•  28.  (P)  p.  780.  §.  25,  26.  ft)  Ephem .  Germ,  D.  11,  Anni  3.  App .  p. 
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own  pure  body  *,  whereby  it  becomes  an  infeparable,  milky,  butyraceous 
liquor  ;  which  penetrates  and  diffolves  all  things :  it  is  of  two  kinds,  fimple, 
and  compound  ;  the  fimple  is  made  of  a  pure  metallic  acid,  and  a  pure  me¬ 
tallic  fait,  rendered  volatile  with  its  own  fpirit.  It  is  very  difficult  to  prepare  : 
but  the  compound  fort  is,  ftill,  much  more  difficult;  being  made  of  a  mineral 
acid,  and  the  pure  faline  matter  of  animals  and  vegetables.  The  liquor  alca'- 
heft,  or  the  pure,  philofophical  mercury,  is  an  incorruptible,  and  unalterable 
fire  of  nature,  that  reduces  all  things  into  their  firft  matter.  The  induftrious 
■Bee her  is  nearly  of  the  fame  opinion,  where,  in  his  book  de  fubterraneis ,  he 
fays,  he  difeovered  in  fea-falt,  a  certain  arfenical,  and  mercurifying  power  ; 
which,  when  feparated  pure,  would  be  the  alcaheft  ;  tho*  a  very  different 
thing  from  the  philofophical  mercury  :  and,  hence,  he  takes  mercury,  for  a 
fulphureous  metallic  fubftance,  which  of  itfelf  would  be  folid  *,  but  that,  it 
receives  all  its  fluidity  from  the  arfenical  fulphur  of  common-falt.  This  is  a 
fubtile  infinuation  ;  and  I  wiffi  he  had  given  it  fuller.  His  argument  runs 
thus :  the  pureft  quickfilver  being  diffolved  in  fpirit  of  nitre,  and  precipitated 
with  fpirit  of  fea-falt,  becomes  volatile,  and  difpofed  to  part  with  its  mercury 
eafily  ;  confequently,  fea-falt  may  convert  the  pureft  metals  from  their  own 
fixed  nature,  into  true  mercury. 

24.  It  may' here  be  expected  I  ffiould  declare  my  fentiments,  whether  any 
chemift  was  ever  in  poffeffion  of  the  alcaheft.  I  anfwer  frankly,  that  Helmont 
complains  the  phial  of  it,  once  given  to  him,  was  taken  from  him  ;  whence 
it  is  certain,  he  could  not  have  made  many  experiments  with  that  liquor: 
and  as  for  Paracelfus ,  he  does  not  deliver  fo  many,  and  fuch  remarkable 
particulars  of  his  own  folvents  ;  fo  that,  I  know  not  what  to  fay  upon  the 
whole  matter.  Thus  much  I  can  truly  fay,  that  if  any  one  will  treat  fea- 
falt,  and  mercury,  in  every  chemical  way  (which  I  would  advife  to  be  done) 
he  will  have  no  caufe  to  repent  of  his  labour* 


Of  the  Chemical  Apparatus,  and  Vessels. 

Veffels,  r<xhat.  1-  j\  S  the  whole  of  chemiftry  is  employed  in  producing  and  obferving 

the  changes  of  bodies  *,  and,  as  thefe  changes  are  principally  brought 
about  by  the  application  of  fire  ;  hence,  in  the  practice  of  the  art,  there  is 
an  abfolute  neceffity  of  ufing  proper  inftruments  and  veffels  ;  without  which, 
no  operation  could  be  performed.  By  veffels,  I  underftand  all  thofe  hollow 
bodies  wherein  any  fubjed  to  be  chemically  changed,  or  already  changed, 
Inftruments ,  as  alfo  the  changing  fubftance  itfelf,  or  foivent,  is  contained.  And  by  the 
what.  name  of  inftruments,  I  underftand  all  thofe  bodies,  which  have  fuch  a  firm- 
nefs,  fize,  and  figure,  as  render  them  fit  to  apply  the  changing  caufes  to 
the  fubjeds,  fo  as  thereby  to  excite  a  determinate  motion,  according  to  the 
rules  of  the  art ;  and,  at  the  fame  time,  enable  the  operator  to  manage  and 
regulate  thefe  caufes,  as  well  as  the  fubjeds  to  be  altered.  And  indeed,  the 
•The  furniture  the  whole  chemical  apparatus  confifts  of  bodies  changed  by  art,  of  chang¬ 
ed  a  bbora-  ffig  caufes,  of  veffels,  inftruments  and  chemical  produdions,  in  order  to  fur- 
my-  niffi  a  laboratory  properly.  -  2,. 
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2.  The  veflels  employed  in  chemiftry  fhould  be  capable  not  only  of  con-  Requires  /« 
tainingthe  fubjedt  to  be  changed,  but  alfo  of  fuftaining  or  refilling  the  a<fting  tke'vejfels. 
caufes,  and  the  fire  applied,  fo  as  not  to  fail  whilft  the  operation  is  in  hand : 
whence,  confequently,  thefe  veflels  fhould  be  ftrong,  and  not  fubjedt  to  be 

fouled  or  damaged:  and  fuch  we  may  call  containing  veflels.  The  other 
fort,  which  receive  the  bodies  already  changed  by  the  addon  of  the  proper 
caufes,  being  almoft  cpnftantly  feparated  from  the  fubjedl,  by  means  of  fire 
adting  upon  it  through  the  containing  veflel,  may  be  called  by  the  name  of 
receiving  veflels. 

3.  In  both  thefe  kind  of  veflels,  we  are  chiefly  to  regard  their  matter,  ‘Their  matter. 
and  their  figure.  As  to  their  matter,  it  is  either  of  wood,  glafs,  metal,  or 
earthen-ware.  The  wooden  veflels,  made  of  dry  wood,  not  abounding  with  Ofnuood. 
oil,  and  not  painted  or  varnifhed,  are  efteemed  the  beft  for  preferving  falts, 

or  faline  bodies,  or  bodies  that  have  been  calcined  ;  provided  the  veflels  are 
dry,  and  kept  clofe  covered  :  for  thus  fuch  fubftances  may  be  well  preferved, 
which,  in  all  other  veflels  are  apt  to  relent  with  the  moifture  of  the  air.  And 
mortars,  or  difhes  made  of  turned  wood,  are  properly  ufed  for  grinding 
and  wafhing  the  amalgams  of  metals  with  water  ;  for  which  purpofe 
they  are  preferable  to  all  others :  and,  being  rubbed  on  their  infide  with 
chalk,  they  are  ufeful  in  reducing  melted  lead,  and  tin,  to  powder  ,  but  we 
feldom  ufe  them  for  other  purpofes. 

4.  Glafs-veflels  are  excellent  •,  as  neither  changing,  adding,  or  taking  Of  glafs, 
from  the  bodies  they  contain  ;  and  fuftaining  the  fire,  without  buffering  any 
thing  to  enter,  or  get  out  at  their  pores,  except  fire  and  the  magnetical  vir¬ 
tue  ;  fo  that  they  retain  even  the  alcaheft  itfelf  in  digeftion.  And  hence, 

in  every  chemical  operation  and  experiment,  glafs-veflels  are  conftantly  to 
be  ufed,  where  no  greater  heat  is  required,  than  glafs  can  fuftain  without 
melting.  And  as  the  green  German  glafs  foils  bodies  the  leaft,  is  the  ftrong- 
eft,  and  bears  fire  the  longeft  without  melting,  fuch  glafs  fhould  be  prefer¬ 
red  before  any  other  kind;  efpecially  before  the  white  cryftalline  glafs,  which 
eafily  cracks,  melts,  or  lets  go  its  alkali,  whereby  it  might  communicate 
that  alkali  to  the  fubje<5t :  whereas  the  ftrong  green  glafs  fuftains  above  fix 
hundred  degrees  of  fire  without  melting  •,  though  I  have  brought  it  to  melt 
in  the  ftrongeft  heat  of  a  fand-furnace.  Whence  I  wifh  that  Helmont  .had  dif- 
covered  ills  coating,  which,  he  fays,  would  prevent  glafs  from  melting  in 
the  ftrongeft  naked  fire  of  a  wind-furnace  ;  fo  that  he  could  diftil  highly- 
rectified  oil  of  vitriol  in  a  glafs -veflel ;  while  this  coating  neither  crack’d,  fell 
off  from  the  veflel,  nor  vitrified  too  much  :  for  thus,  he  aflerts  that  the  glaf3 
was  cemented  internally  with  the  coating,  in  the  utmoft  violence  of  fire  (a).  If 
we  had  this  fecret,  almoft  all  the  chemical  operations  might  be  performed 
in  glafs  ;  but  I  am  neither  acquainted  with  any  fuch  coating,  nor  have  found 
any  perfon  that  was. 

5.  Of  all  the  metals,  iron  is  the  hardeft  to  melt ;  whence  many  chemical  vef-  Of  metal 
fels  are  made  of  iron.  But  all  metallic  veflels  have  thefe  two  defetfts  ;  that  they 

are  corroded  by  ignited  falts,  which  are  hence  either  rendered  impure  or  loft  ; 

and 


(a)  See  Helmont,  p.  707.  §.  19. 
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and  that  they  melt  in  a  ftrong  fire.  I  directed  iron-retorts  to  be  made  of  call 
iron,  in  order  to  diftil  the  phofphorus  of  urine  ;  but  found  they  melted  in 
the  fire,  long  before  the  phofphorus  would  come  over. 

6.  Upon  account  of  thefe  defects  in  iron-veffels,  others  have  been  for¬ 
med  of  different  earths,  for  chemical  ufes  j  but  thefe  alfo,  when  made  of  fat 
clay-like  earth,  vitrify  in  a  violent  fire,  and  fail  in  the  operation.  The  beft 
pottery,  for  the  purpofe,  is  that  made  of  a  more  dry  and  hungry  earth,  as 
the  Heffian ,  and  the  matter  whereof  crucibles  are  formed,  which  refift  a  vio¬ 
lent  fire :  but,  being  porous,  they  fuffer  faline  matters  to  tranfude,  efpecially 
when  acid  fpirits  are  diftilled  in  them.  From  hence  we  may  fee,  what  kind 
of  veffels  are  required  for  every  operation  refpe&ively.  Thus  pure  aqueous 
liquors,  and  perfe<5t  fpirits,  produced  by  fermentation,  may  be  diftilled  in  me¬ 
tallic  veffels  ;  whilft  vegetable  fpirits,  of  the  acetous  kind,  may  be  diftilled  in 
veffels  of  pewter,  or  fuch  as  are  tinned  :  but  other  faline  liquors  require  vef¬ 
fels  of  glafs.  Worms,  ufed  in  the  diftillation  of  acid  liquors,  are  made  of 
tin  ;  but  the  ftill- heads,  for  the  reafons  above-mentioned,  are  always  beft 
made  of  glafs.  Earthen  veffels  are  only  neceffary,  where  the  utmoft  force  of 
fire  is  required  ;  and  then,  to  prevent  exudation  and  cracking,  they  fhould 
always  be  coated  with  a  proper  luting. 

7.  Hence,  therefore,  before  any  chemical  operation  is  begun,  we  are  firft 
to  confider  the  fubje<5t  to  be  operated  upon,  and  the  degree  of  fire  required 
in  the  operation,  in  order  to  determine  what  kind  of  veffel  to  ufe:  but, 
where  the  choice  is  free,  we  fhould  always  make  ufe  of  a  glafs,  on  account 
of  obferving  the  appearances  and  changes  which  happen  to  the  fubjedt  in  the 
procefs  ;  which,  befides  the  pleafure  of  it,  has  great  ufes  both  in  chemiftry 
and  natural  philofophy  :  as  thus  we  may  fee  the  caufe  of  numerous  phasno- 
mena.  There  is  alfo  a  grey  kind  of  potters-clay,  that  comes  from  the  Eaft» 
Indies ,  appearing  like  porcellane,  and  being  perhaps  a  fpecies  thereof.  It  is 
there  made  into  both  large  and  fmall  veffels,  in  order  to  preferve  their  com¬ 
modities,  and  export  them  fafely.  Thefe  Indian  veffels  are  not  diffolved  or 
corroded  by  acids  ;  and  are  therefore  often  ufed  by  the  makers  of  aqua-fort  is  t 
as  proper  receivers  for  acid  fpirits. 

8.  All  veffels,  of  whatever  matter  they  confift,  may  have  a  great  variety 
of  figures  j  the  principal  whereof,  for  chemical  purpofes,  are  the  following. 
The  glafs- veffels  which  I  beft  like  for  preferving  volatile  liquors  and  falts,  are 
fuch  as  have  a  cylindrical  form,  with  a  fiat  internal  bottom,  and  a  narrower 
cylindrical  neck,  that  may  be  exa&ly  clofed  with  a  glafs-ftopper  ;  which  the 
more  furface  it  has  the  better,  fo  as  to  come  in  contadl  with  the  whole  inter¬ 
nal  furface  of  the  neck.  The  fmall  glaffes,  out  of  which  liquors  are  to  be 
dropped,  may  be  bellied,  and  have  a  cylindrical  neck,  widening,  and  fome- 
what  hollowing  at  the  top.  They  may  be  flopped  with  a  cork ;  or  with 
wax,  if  they  contain  volatile  acid  fpirits. 

9.  The  veffels  for  chemical  operations,  and  efpecially  for  diftillation,  muft  be 
of  different  figures,  according  to  the  end  propofed  to  be  anfwered  :  and  only 
two  kinds  of  veffels  are  here  required,  one  to  contain  the  body  to  be  changed, 
and  to  which  the  fire  is  applied  5  the  other  to  receive  the  parts  feparated  from 

the 
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the  fubjed  by  the  fire,  and  which  is  always  defign’d  to  be  cooler.  When 

only  the  fixed  part  of  a  fubjed  is  required,  after  the  feparation  is  made  by  Crucible s  and 

the  fire,  the  figure  of  the  vefiel  is  commonly  that  of  an  obtufe  conoid,  with  its  melt'mg-pots. 

bafe  at  the  top,  and  obtufe  apex  at  the  bottom ;  whence  this  conical  figure  See  plate  IX. 

may  be  varied  till  it  comes  to  the  hollow  fegment  of  a  fphere.  Thus  cru-  fig.  4. 

cibles  and  melting-pots  refemble  cones ;  whilft  roafting  or  calcining  difi.es  re- 

femble  hollow  fegments  of  a  fphere.  It  is  a  rule  for  the  figure  of  thefe  vef- 

fels,  that  the  lower  and  wider  they  are  made,  the  more  eafily  the  volatile 

matter  flies  from  the  fixed*,  and  that  the  fire  is  applied  to  more  of  the  furface, 

both  of  the  whole  fubjed  and  its  fixed  part :  whence  we  always  make  choice 

of  low  and  wide  veflels  for  calcination. 

•10.  But  when  the  volatile  part  of  a  fubjed  is  required,  as  well  as  its  fixed  Diftillingnxf. . 
part,  and  both  mull  to  be  had  feparate,  the  containing  vefiel  maybe  of  three  fels- 
different  figures  ;  viz.  cylindrical,  conical  widening  upwards,  or  conical  „  , 

again,  but  widening  downwards.  Cylindrical  veflels  only  keep  bodies  from  JnJ  xy, 
flying  off  fide- ways,  without  otherwife  hindering  or  aflifting  their  rifing  up¬ 
wards  *,  whence  the  only  variety  here  arifes  from  the  different  height  of  the 
Tides.  The  talleTt  cylindrical  veflels  are  required  in  order  to  feparate  the 
moft  volatile  parts  from  the  lefs  volatile*,  and  the  lowed  to  feparate  fuch  as 
are  almoft:  fixed,  from  thofe  that  are  quite  fixed.  But  when  veflels  rife  from  Evaporating 
a  narrow  bottom,  and  gradually  widen  upwards,  as  in  hemifpherical  diflies,  veJTe^ 
it  is  plain  from  hydroftatics,  that  all  the  points  of  the  hollow  bafis  would  fu- 
ftain  a  little  column  of  liquor,  whofe  height  reaches  from  each  point  to  a  cor- 
refponding  point  of  the  furface,  perpendicularly  over  it ;  whence  thefe  co¬ 
lumns  are  always  the  fhorter,  the  nearer  they  approach  to  the  edge  of  the 
vefiel,  and  vice  verfa  ;  fo  that  a  widening  figure  greatly  aflifts  the  rifing  of 
volatile  particles  :  and  hence  exhalation  is  the  fooneft:  performed  in  fuch  vef- 
fels. 

11.  And  hence  we  may  have  the  notion  of  a  retort;  which  is  a  kind  of  Retorts. 

hollow  fphere,  ending  in  a  cylindrical  neck,  whofe  upper  horizontal  line  ^  ^  x 

is  a  tangent  of  the  fphere  in  its  upper  apex;  whilft:  the  lower  line  of  the  neck  bJe  ‘ 

is  a  diameter  of  the  fame  fphere,  parallel  to  that  tangent:  whence  fuch  are-7 
tort  eafily  determines  the  rifing  volatile  particles  into  the  cylindrical  neck,  and 
thence  into  the  receiver;  after  being  fomewhat  confined  and  beat  back  by  the 
arched  part  of  the  vefiel.  And  this  kind  of  retort  is  adapted  to  the  fepara¬ 
tion  of  very  fixed  parts,  from  thofe  that  are  quite  fixed  ;  as  we  fee  in  the  di- 
ftiliation  of  oil  of  vitriol,  fpirit  of  nitre,  fpirit  of  fait,  6jV.  The  glafs-men 
commonly  bend  the  neck  of  the  retort  downwards,  and  draw  it  into  a  coni¬ 
cal  figure,  open  at  the  end  ;  in  order  that  the  vapours,  rifing  into  the  wideft: 
part  of  this  neck,  may  thus  fpontaneoufly  fall  downwards,  condenfe  and 
diftil  into  the  receiver  :  which  Ihews  us  the  reafon  of  the  common  form  of 
the  retort. 

12.  But  in  low  diftillations,  where  the  ftrongefl:  fire  is,  for  a  long  time,  re-  Bejl  kind  of 
quired  to  raife  ponderous  particles,  I  ufe  cylindrical  veflels,  placed  horizon-  long-necks. 
tally,  with  their  upper  horizontal  part  opening  into  an  horizontal  neck  ;  by  See  plate  X, 
means  whereof  the  diflillation,  of  phofphorus,  and  other  bodies  which  rife  fig.  2. 
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with  difficulty,  is  commodioufly  performed.  And  when  I  prepare  large 
quantities  of  oil  of  vitriol,  or  other  foffil  acids  ;  inftead  of  retorts,  I  always 
ufe  cylindrical  earthen  bodies,  or  long-necks,  with  wide  cylindrical  mouths  : 
which  I  find  to  be  an  advantageous  way  of  diftilling  the  mineral  acids  for 
by  inferring  hollow  cylinders  into  the  mouths  of  thefe  veffels,  and  applying 
large  glafs-receivers  horizontally  to  the  other  ends,  and  luting  the  junctures, 
I  thus  diftil  with  fafety.  And  hence,  I  conceive,  I  have  fufficiently  given 
the  foundation  for  aligning  the  different  figures  of  veffels  ufed  in  diftillation  ; 
the  rule  whereof  comes  nearly  to  this,  that  the  more  difficultly  any  fubjedt 
rifes  in  diftillation,  the  more  it  requires  the  figure  and  accommodation  of 
the  veffels  laft-mentioned. 

13.  But  if  the  matter  to  be  fublimed  is  fo  volatile  as  eafily  to  rife  and 
feparate  from  the  part  to  be  left  behind,  whilft  the  two  do  not  greatly  dif¬ 
fer  in  volatility,  then  veffels  of  a  contrary  figure  are  required.  And  fuch  vef¬ 
fels  are  thofe  conical  ones,  called  bodies ,  matraffes,  or  cucurbits,  and  made  in  the 
form  of  a.  Hercules’s  club.  The  antient  alchemifts,  as  Lully  and  others,  fre¬ 
quently  call  thefe  veffels  by  the  name  of  urinals.  It  is  eafy  to  understand,  by 
the  figure,  that  the  liquor,  raifed  by  the  fire  in  thefe  veffels,  mult  Strike  a- 
gainft  their  tapering  Sides,  and  thence  the  afcent  be  hindered,  and  the  liquor 
beat  back  to  the  bottom  again-,  fo  that  if  any  thing  rifes  difficultly,  with  this 
degree  of  fire,  it  feldom  afcends  high  ;  but  is  rather  kept  low  in  the  glafs. 
And  here  alfo  the  wider  the  bottom  is,  with  retpedlto  the  orifice  at  the  top, 
through  which  the  diftilled  liquor  is  to  pafs,  the  diftillation  will  be  performed 
more  Slowly  -,  whence  only  the  more  volatile  part  can  by  this  means  be  fepa- 
rated  from  the  lefs  volatile.  The  height  of  thefe  veffels  is  alfo  to  be  regar¬ 
ded  i  as  the  taller  they  are,  the  more  difficult  it  is  for  the  lefs  volatile  parts  to 
rife. 

14.  From  the  consideration  of  thefe  three  properties,  an  excellent  contri¬ 
vance  has  been  deduced  ;  by  means  whereof  a  large  quantity  of  Simple  or 
compound  alcohol  may  be  obtained,  with  little  labour,  fewel  and  expence. 
Thus,  for  example,  if  a  conical  tube  be  made  of  pewter,  fix  inches  wide 
in  the  bafe,  and  one  inch  wide  in  the  vertex  -,  and  this  tube  be  bent  at  the 
height  of  four  feet,  fo  as  to  make  it  return  downwards  in  a  cylindrical  tube, 
with  a  part  at  the  end  fit  to  enter  the  orifice  of  a  worm,  fixed  in  its  worm- 
tub,  we  Shall  here  have  a  proper  head  for  a  cucurbit,  charged  with  brandy, 
and  fet  in  boiling  water;  whereby  a  very  Strong  fpirit  may  be  obtained  at 
one  operation :  and  upon  repeating  the  procefs  twice  or  thrice,  this  fpirit  is 
reducible  to  alcohol. 

1 5.  And  hence  alfo  we  may  clearly  conceive  the  nature  of  a  chemical  phial, 
which  is  a  fpherical  glafs,  with  a  long  cylindrical  neck  open  at  the  top  ;  it  is 
commonly  called  a  bolt  head,  and  has  considerable  ufes  in  chemiftry,  espe¬ 
cially  in  performing  the  more  fubtile  operations  :  for  as  the  neck  of  this  glafs 
may  be  of  any  length,  and  may  have  its  cavity  in  any  proportion  to  that  of  the 
belly  ;  hence  any  degree  of  refiftance  may  be  procured  with  refpedl  to  the  li¬ 
quor  contained  in  the  glafs  ;  fo  as  to  Suffer  Scarce  any  thing  at  all  to  efcape  at 
•the  orifice,  in  a  gentle  digeftion.  And  I  have  obferved,  in  this  kind  of  glafs, 
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The  Theory  of  C  h  e  m  i  s  tr  y, 

that  the  weight  of  the  atmofphere  prefling  upon  the  hollow  part  of  its 
neck,  furprifingly  confines  the  liquors  and  fubftances  contained  in  the  cavity, 
and  agitated  by  the  fire  ;  thus,  a6ting  as  a  cork,  in  equilibrium  to  the 
force  of  the  liquors  endeavouring  to  rife  *,  and  at  the  fame  time,  flopping 
the  mouth  of  the  bottle.  For  whilfl  the  air  in  this  glafs  is  rarified  by  the 
heat  of  the  fire  applied,  and  thus  endeavours  to  raife  a  proportionable  column 
of  the  atmofphere,  it  fuffers  an  equal  refi fiance  from  the  weight  of  that  co¬ 
lumn  :  whence,  the  particles  of  the  fluid,  contained  in  this  rarified  air,  are 
repelled  to  the  bottom  of  the  veflel ;  where,  being  agitated  by  the  fire,  they 
are  more  firongly  applied  to  the  fubjedfc  at  the  bottom  •,  as  appears  to  the 
eye,  when  alcohol,  contained  in  fuch  a  tall  phial  with  a  very  (lender  neck,  is 
carefully  fet  over  the  fire :  where,  when  the  liquor  nearly  begins  to  boil, 
a  fume  is  perceived  to  rife  in  the  cavity  of  the  neck,  and  to  be  driven 
downwards  again,  in  the  form  of  a  fluctuating  mift.  By  this  contrivance, 
therefore,  menflruums  may  be  excellently  digefted  upon  their  fubjedts,  with¬ 
out  any  lofs  either  of  the  folvent  or  folvend.  And  this  contrivance  hath 
enabled  me  to  perform  numerous  experiments,  which  I  could  not  otherways 
have  made. 

1 6.  Thefe  tall  phials,  alfo,  are  extremely  ufeful  in  feparating  pure  volatile 
alkaline  (alts  and  lpirits,-  from  water,  oil,  and  volatile  earth  •,  which  might 
otherwife  prove  a  difficult  talk.  But,  they  are  fubjeCt  to  one  inconvenience  ; 
for,  when  very  tall,  the  liquor  will  remain  boiling  hot  at  the  bottom,  or  not 
be  able  to  rife  fo  high  as  the  top,  whence  the  upper  part  of  the  neck  will  re¬ 
main  cold,  whilfl  the  lower  part  thereof  is  ftrongly  heated  \  fo  that,  if  the 
hot  vapour  rifes  fuddenly  into  the  cold  part  of  the  neck,  the  glafs  flies  to 
pieces,  efpecially  in  winter,  or  frofiy  weather.  So  likewife,  if  any  aqueous 
drops  arecolletfied  in  the  upper  cold  part  of  the  neck,  and  fall  down  fuddenly 
upon  the  heated  parts  of  the  glafs,  the  veflel  will  burft  to  pieces  :  as  I  have 
often  learnt  tomycoft;  efpecially,  upon  digeftingquickfilver  in  fuch  veflels.  And 
this  may  be  fufficient  to  (hew  what  effiedt  the  configuration  of  veflels  will  have  *, 
and  the  neceffity  there  is  of  a  particular  form,  to  produce  particular  effedls. 

17.  Receivers,  efpecially  if  they  be  large,  are  cf  two  kinds  of  figure*,  Receivers 
being  made  either  like  bellied  bottles,  or  cucurbits  :  and  when  their  capacity 

may  be  the  fame,  the  latter  fhould  be  preferred,  as  having  its  bottom  at 
a  greater  diflance  from  the  orifice  of  the  retort *,  whence,  it  affords  a  cooler 
fpace  for  the  diftilled  liquor  to  cotidenfe  in j  as  I  have  always  found.  And 
there  is  frequent  occafion  to  increafe  this  diflance  between  the  containing  and 
receiving- veflel,  by  the  interpofition  of  cylindrical  tubes,  or  adopters  ;  as 
we  mentioned  above.  And  in  the  more  artificial  kinds  of  diftillation,  efpe-  0 e  , 
daily  that  of  quickfilver  from  metals,  it  is  neceflary  to  ufe  feveral  glafs  adop-  f 
ters,  to  increafe  the  diflance  betwixt  the  retort  and  receiver. 

18.  The  retorts  and  receivers  already  defcribed  are  fufficient,  together  / ilemb'u- - 
with  the  adopters,  for  performing  all  the  kinds  of  diftillation  *,  except,  where  head. 

very  volatile  fubftances  are  to  be  feparated  from  others,  but  little  lefs  vola  -  See  plate  XV* 
tile.  And  as  extremely  volatile  fubftances  are  often  required  to  be  diftilled  *,  A*  4- 
very  tall  and  eredt  veflels  muft  neceflarily  be  employed,  and  cover’d  with 
the  alembic-head.  Hence,  it  is  eafy  to  determine  in  what  cafes  a  cucurbit 

F  f  f  f  with 
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with  its  alembic-head,  and  in  what  cafes  a  retort  and  its  receiver  are  to  be 
ufed.  But  the  ufe  of  the  alembic-head  is  attended  with  the  double  inconve¬ 
nience  of  a  juncture  to  be  luted,  where  it  is  fitted  on  to  the  cucurbit,  and 
another  where  the  neck  of  the  alembic  joins  to  the  receiver  i  whence,  as 
the  luting  is  fubjedt  to  crack,  fome  part  of  the  volatile  fubjedt  may  efcape  in 
the  operation,  whatever  caution  we  take  to  prevent  it. 

19.  There  is  frequent  occafion  in  chemiftry  to  pour  back  the  feparated 
volatile  part  upon  the  fixed  one  from  whence  it  was  raifed  5*  and  this  By 
operators  is  called  cohobation,  and  by  Paracelfusy  circulation the  effedts- 
whereof  are  very  confiderable,  and  highly  neceffary.  But  upon  obferving, 
that  by  opening  the  veflels  and  pouring  back  the  liquors  in  the  air,  a  great 
JLofs  was  fuftained;  the  artifts,  hence,  invented  a  giafs  veflel,  confiding  of  a 
cucurbit  and  alembic- he^d,  with  two  tubes  bending  into  the  cucurbit  again,, 
fo  as  diredtly  to  return  the  liquors  rifing  in  the  head,  back  into  the  cavity  of 
the  cucurbit :  and  this  veflel  being  well  clofed  at  the  top,  the  procefs  was 
thus  fhortned,  and  lofs  of  the  liquor  prevented.  The  veflel  itfelf  they  call 
a  pelican  *,  which  is  always  the  better,  as  the  pipe  from  the  top  of  the  alem¬ 
bic  is  longer.  But,  as-  fuch  veflels  are  not  eafily  procurable,  the  end  may 
be  obtained  by  a  more  fimple  apparatus,  or  by  ufing  a  bolt-head  with  along 
neck,  into  which  the  neck  of  another  lefs  phial  is  inverted,  and  thejundture 
well  luted,  after  heating  the  glafles,  and  the  fubjedt  matter,  fufficiently  to  ra- 
rify  the  air,  and  prevent  its  burfting  the  giafs  in  the  operation  :  tho*  this 
contrivance  is  fubjedt  to  an  accident  from  the  liquor  cooling  at  the  top  of  the 
giafs,  and  falling  to  the  bottom  which  may  break  the  giafs.  And  fo  much 
for  chemical  veflels. 


Of  LUTE  S. 

t.  TJ  Y  the  name  of  lute  or  luting,  chemifts  underftand  a  mix’d,  tenacious, 
|j  dudtile  fubftance,  which  grows  folid  by  drying  •,  and  being  applied  to 
the  jundlures  of  veflels,  flops  them  up,  fo  as  to  prevent  the  air  from  getting- 
either  in  or  out :  but  thefe.lutings  are  of  principal  ufe  in  confining  the  par¬ 
ticles  raifed  by  the  fire  in  diftillation,  fo  as  to  prevent  their  efcaping  out 
of  the  veflel  •,  whence  it  appears  that  different  lutings,  are  required,  accord¬ 
ing  to  the  difference  of  the  fubjedts  to  be  diftilled. 

2.  When  the  fubjedt  is  merely  aqueous,  linfeed-meal  ground'  to  fine  pow¬ 
der,  and  well  mixed,  or  worked  up  into  aftiff  pafte  with  the  white  of  egg, 
makes  a  proper  luting  for  the  purpofe for,  being  applied  to  the  jundlures- 
of  diftilling  veflels,  it  grows  hard  with  heat  5  and  if  it  happens  to  crack,  it  is- 
eafily  repaired  by  the  application  of  frefh  ;  which  foon  grows  folid  as  before. 
But  a  pafte  made  of  the  fame  meal,  well  worked  up  with  cold  water,  very- 
well  anfwers  the  end  in  the  diftillation  of  all  fermented  inflammable  fpirits, 
and  all  volatile  alkaline  falts.  But,  this  pafte  will  not  anfwer  in  the  diftilla¬ 
tion  of  mild  acids,  or  acetous  liquors  becayfe  it  foftens  and  diflolves  there¬ 
with,  fo  as  to  let  the  fumes  efcape  win  thefe  cafes,  therefore,  a  bladder  fteepech 

in 
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in  water,  till  it  begins  to  grow  (limy,  makes  an  excellent  luting,  by  being 
applied  and  prefled  wet  upon  the  juntftures  of  the  diftilling  veflels. 

3.  A  luting  that  acquires,  a  ftony  hardnefs,  is  neceflary  in  the  diftilla-  , 

tion  of  the  foflil  acids-,  as  thofe  of  vitriol,  fea-falt,  &c.  which  kind  of  “f’olltiUal- 
luting,  is  called  the  philofophical  luting  •,  and  may  be  prepared  from  the  knlies. 
calx  of  copperas  and  quick-lime  ;  viz.  by  boiling  the  caput  mortuum  of 
vitriol,  in  feveral  parcels  of  water,  till  it  is  thus  thoroughly  wafhed  from  its 

faline  part,  then  drying  the  powder,  and  preferving  it  in  a  clofe  veflel.  This 
powder  is  to  be  rubbed  with  an  equal  quantity  of  ftrong  quick-lime,  and 
wrought  into  a  pafte  with  the  white  of  eggs,  firft  beat  thin  •,  and  this  luting 
is  immediately  to  be  applied  to  the  jun&ures  of  the  veflels;  the  veflels  being 
firft  a  little  heated.  If  it  be  not  applied  quick,  it  prefently  dries  to  a  ftony 
hardnefs,  fo  as  t©  be  untraftable  ;  but,  when  properly  ufed,  it  confines  all  the 
faline  fpirits,  like  glafs  itfelf.  I  prepare  a  luting  for  the  fame  purpofe,  with¬ 
out  much  trouble,  in  this  manner  ;  viz.  I  beat  pure  fand,  and  potter’s- clay 
together,  in  fuch  proportion,  with  water,  till  the  matter  no  longer  fticks  to 
the  fingers  ;  then  add  one  fourth  part  of  common-lime,  fo  as  to  make  the 
pafte  fuflicientiy  ftrong  :  and  the  dryer  this  is  applied,  the  better  for  the 
purpofe,  provided  it  be  left  dudile ;  for,  thus  it  hardens  into  an  excellent 
cement,  the  cracks  whereof,  if  any  fhould  happen,  are  eafily  flopped  up 
by  the  fame.  This  cement  is  the  more  parable  or  commodious,  as  the  be  ft 
quick-lime  is  not  often  to  be  had. 

4.  It  is  a  great  inconvenience  in  the  ftronger  diftillations  with  a  naked  fire.  Coating  foe 
that  when  the  veflels  are  violently  heated,  -they  are  apt  to  crack,  and  fly  to  vefftlu 
pieces  upon  opening  the  door  of  the  furnace,  and  letting  in  the  cold  air,  or 
throwing  in  frefh  fewel ;  whence,  it  is  highly  proper  here,  to  defend  the 

veflels  by  a  coating,  from  this  fudden  impulfe  of  cold :  and,  this  is  frequently 
neceflary  alfo*  when  the  operation  is  performed  in  glafs  veflels  and  a  fand- 
heat,  if  the  fire  be  fo  ftrong  as  to  endanger  the  melting  of  the  glafs.  The  beft 
luting,  that  I  know  of,  for  this  purpofe,  is  made  by  beating  fat  potter’s- 
earth  and  powdered  fand,  with  water,  into  a  well- wrought  pafte,  which  will 
not  ftick  to  the  fingers ;  adding  thereto  a  little  common-lime  at  the  laft,  and 
beating  them  well  together  (k).  Then  the  veflel  to  be  coated,  being  warmed 
and  expofed  to  the  vapour  of  hot  water,  that  its  whole  furface  may  become 
dewy,  Iqt  this  cement  be  fpread  all  over  it  equably  with  the  hand  ;  afterwards 
fprinkle  the  furface  of  the  coating  with  hot  and  dry  fand,  and  fet  the  veflel 
in  a  cool  place,  that  the  coating  may  dry  flowly  ;  with  care  to  fill  up  the 
cracks  in  the  fame  manner,  if  any  fhould  happen  in  the  drying  :  and,  if 
thus  the  coating  be  thoroughly  dryed,  the  veflel  will  fuftain  the  aeftion  of  a 
violent  fire,  unhurt. 

F  f  f  f  2  Of 


(i)  There  is  another  cement  made  ufe  of  by 
fome  chemifts  of  London ,  to  anfwer  the  fame 
end;  confifting  of  fifted  wood-alhes,  beat  up 
to  a  due  confidence  with  the  white  of  eggs, 
and  a  little  gum-water.  The  fame  fervice  may, 
in  a  more  excellent  manner,  be  had  as  well  for 
cracked  glafles  as  broken  china,  or  the  like, 
from  what  the  painters  call  drying  oil,  or  a 


mixture  of  linfeed  oil  and  cerufe,  made,  by 
infolation  or  deco&ion,  into  a  perfe&ly  white 
balfam,  and  afterwards  ground  upon  a  marble 
with  freih  cerufe,  till  the  whole  is  perfectly 
fine,  and  become  of  the  confidence  of  an 
unguent.  This  dries  flow  indeed,  but  is  very 
efEe&ual. 


588 


The  Theory  of  Chemistry. 


i.  -  .  .  *  -  •  *  .  •  •  ...  j  :  > «  •  ; 

Of  FURNACES. 


Several  far-  I.  TT7E  now  come,  in  the  laft  place,  to  the  confederation  of  furnaces  % 
aaca,  why  ^  V  but  without  defigning  to  defcribe  all  thofe  required  in  metallurgy, 
ere  omitted.  w|1jcj1  are  not  neceflary  to  our  purpofe.  Befides,  the  incomparable  Agricola 
hath  already  admirably  treated  this  fubjed,  in  a  pure  Roman  ftyle.  Glauber 
likewife  defcribes  fome  furnaces  of  a  particular  invention,  for  performing 
certain  operations  in  a  fhort  manner.  Thefe  authors,  therefore,  may  be  con¬ 
futed  occafionally  >  our  prefent  defign  being  only  to  fhew  the  eonftrudtion  of 
the  furnaces  required  in  our  own  particular  courfe  of  operations. 

Furnaces ,  2.  By  furnaces,  we  underhand  fuch.  ftrudfures  as  are  capable  of  contain- 

'wbat.  jngt  reftraining,  and  applying  fire  to  veflels,  wherein  the  chemical  fubje&s-. 

are  to  receive  thea&ion  of  fire  •,  whence  every  furnace  requires,  (i.)  a  fire¬ 
place,  wherein  the  fire  is  to  be  raifed,  kept  up,  and  determined.  And  as 
artificial  fire  muft  be  fed  by  fewel,  a  chimney  becomes  necefTary  to  difcharge 
the  fmoke  ;  as  alfo  an  afh-pit,  to  admit  the  air  and  laftly,  a  door,  where 
the  fewel  is  to  be  thrown  in.  (2.)  In  making  of  furnaces,  care  muft  always  be 
taken  to  preferve  the  ftrength  of  the  fire,  or  not  to  wafte  it  in  vain  ;  and 
this,  by  directing  it  where  it  is  particularly  required.  (3T  In  building  them, 
a  proper  place  muft  alfo  be  contrived,  in  which  the  vefiels,  containing  the 
fubjeds,  may  receive  the  requifite  degree  of  heat,  for  the  requifite  time  to 
finifh  the  operation,.  And  hence  we  have  the  conditions  for  building  of 
furnaces. 

Conditions  of  3.  That  therefore  will  be  the  beft  furnace  in  its  kind,  which  produces  the 
ihebef  defired  effect  with  the  leaft  expence,  interruption  and  inequality  ;  and  this. 

with  the  greateft  eafe,  fo  as  not  to  require  the  conftant  attendance  of  the  o- 
perator.  The  firft  condition  will  be  fatisfied,  if  a  furnace  be  fo  built  that 
all  the  heat,  raifed  by  the  fire,  may  be  applied  to  the  fubjed  without  lofs  y. 
which  is  obtained  by  making  the  furnace  of  the  moft  folid  materials,  and 
forming  its  internal  furface,  fo  as  to  determine  the  force  of  the  fire  upon  the 
place  defigned.  Such  a  ftrudure  likewife  will  contribute,  as  much  as  pof- 
fible,  to  eafe  the  labour  of  the  operator,  in  fupplying  frefh  fewel.  The  fecond 
condition  isanfwered,  by  chufing  fuch  a  fewel  as  (hall  confume  the  flowed:  of 
any,  yet  afford  the  requifite  degree  of  heat  ;  and  this  is  chiefly  done  by  ob- 
ferving  a  proper  proportion  in  the  dimenfion  of  the  fire-place,  the  chimney 
and  the  air- draughts  ^  and  this  proportion  being  duly  obferved,  fkilful  ope¬ 
rators  may  at  once  fupply  their  furnaces  with  fuch  a  quantity  of  fewel,  as  will 
burn  for  a  long  time.  The  third  condition  is  the  moft  necefTary  of  all;  viz. 
that  of  long  preferying  the  fame  degree  of  heat,  without  diminution  or  in- 
creale.  For  we  know,  from  chemiftry,  that  every  determinate  degree  of  fire 
produces  a  fuitable,  determinate  effect  upon  every  fubjedt ;  whilft  a  greater, 
or  a  lefs  degree,  conftantly  alters  the  event :  whence  a  great  confufion  muft 
happen  in  chemical  productions,  whilft  fometimes  a  grater.,  ^nd  foffiqthn.es  ^ 
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-lefs  degree  of  fire  is  diforderly  applied  in  the  fame  operation.  We  know 
likewife,  that  an  alteration  in  the  degree  of  heat  may  fo  alter  the  fubjedf,  that 
it  fhall  no  longer  remain  the  fame  with  refped  to  another  degree  of  heat, 
that  would  other  wile  have  produced  a  determinate  effect  ;  which  has  often 
proved  a  pernicious  error. 

4.  Hence,  in  the  building  of  furnaces,  we  muft  always  regard,  (1.)  The 
quantity  of  fire  which  the  fire-place  ought  to  receive,  contain  and  fupport. 

(2.)  The  matter  of  the  fewel  to  be  ufed  for  the  purpofe.  (3.J  The  degree  of 
heat  required  in  every  operation  ;  fince,  in  the  fame  fire-place,  the  fame  quan¬ 
tity  of  the  fame  fewel  may  produce  different  degrees  of  heat.  Whence,  (4.) 
the  air  muft  always  have  eafy  accefs  to  the  fire-place  ;  and  the  force  with 
which  the  air  tends  to  the  fire,  under  the  form  of  wind  or  blaft,  fhould 
be  computed.  So  likewife  the  various  ftates  of  the  atmofphere,  with  refped 
to  weight,  moifture,  heat  and  cold,  fhould  be  confidered  ;  for  fire  burns  the 
fierceft  in  frofty  weather,  whilft  the  air  is  drieft,  and  fhewn  by  the  barometer 
to  be  the  heavieft.  (5.)  The  air- vent  from  the  fire-place  fhould  be  principally 
regarded;  for,  if  this  be  wide,  the  air  here  diffufes,  and  lofes  it  felf;  ora<5ts 
but  little  upon  the  fubjed:,  where  its  force  ought  to  be  collected.  Thefe 
are  the  chief  foundations  required  in  the  building  of  furnaces.  And  this  be¬ 
ing  premifed,  I  proceed  to  defcribe  the  ftrudure  of  my  own  little  furnaces,, 
ufed  in  my  courfesi  being  fuch  as  are  neceflary  for  thefe  who  would  perform 
all  the  chemical  operations. 

5.  I  fhall  begin  with  my  fimpleft  furnace  which  I  invented  forty  years  Tkefirjl , 
ago,  when  I  pradifed  chemiftry  in  no  large  ftudy,  where  there  was-only  one  fimpleftfi 
little  chimney,  and  where  I  required  feveral  furnaces  at  once.  Make  a  hoi-  nace‘ 
low  prifm,  with  a  fquare  bafis,  of  found  dry  oak,  nine  inches  wide,  and  four-  s  l 
teen  high  ;  fix  into  it  a  fquare  piece  of  wainfeot,  an  inch  thick,  five  inches  xhl*  * 
from  the  bafis,  fo  as  thus  to  divide  the  furnace  into  two  parts ;  the  lower 
whereof,,  being  five  inches  high,  ferves  for  the  fire  place  •,  and  the  upper, 
eight  inches  high,  is  to  receive  the  retort,  or  cucurbit,  for  diftillation.  This 
piece  of  wainfeot,  ferving  as  a  partition,  muft  have  a  round  hole  in  the  mid¬ 
dle,  five  inches  over  •,  where  the  round  bottom  of  the  veftel  is  to  reft.  Be¬ 
sides  .this  large  hole  in  the  partition,,  there  muft  be  four  other  round  holes 
made  in  it,  each  an  inch  in  diameter,  that  the  fire  may  rife  freely  from  the 
fire-place  intP  the  fecond  ftory.  On  one  fide  of  the  fire-place,  there  muft  be 
a  door,  going  upon  hinges,  apd  equal  in  dimenfion  to  the  whole  fide,  or 
nine  inches  broad,  and  five  high,  fo  as  tD  open  eafily,  and  fhut  clofe.  The 
.whole  internal  furface  of  this  fire-place  muft  be  lined  with  plated  iron  or  cop¬ 
per,  to  defepd  the  wood  from  the  fire.  The  door,  is  to  have  four  round 
holes  made  in  .it,  each  of  theni  an  inch  in  diameter,  to  admit  the  external 
r  •,  and  thefe  holes  are  to  be  fitted  with  four  cylindrical  Hoppers,  eafy  to 
take  in  and  opt,  fo  as  to  regulate  the  fire,  by  admitting  or  excluding  the  air.. 

This  cloor  muft  be  made  of  feafoped  wood,  and  contrived  to  fhut  extreme¬ 
ly  cjpfe.  In  the  upper  part  of  the  furnace,  die  fide  above  the  door 
hpve,a. fquare  ftole  cut  ip  the  middje  to  the  top  of-  it,,  fo.ur  in.ches  arid  ja  half  : 

'jp.Vfif  j,  tftp  ,^n?r  edge  ,pf  which.  is  tp  fo?  cpt  aw,ay?.QP  its  three  fife?,  to 
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half  the  thicknefs  of  the  board,  or  to  the  breadth  of  half  an  inch  ;  and  to  the 
-internal  {loping  furface  about  this  hole,  a  plate  of  wood  muft  be  fo  fitted,  as 
to  make  a  joint;  this  being  of  ufe  to  fhut  the  fide  of  the  furnace  clofe,  when 
we  defign  to  diftil,  digeft,  or  exhale,  in  a  cucurbit,  phial,  or  evaporating 
glafs;  whereas  the  plate  of  wood  being  taken  away,  fits  the  furnace  for  di- 
ftillation  by  the  retort.  There  muft  alfo  be  another  fimilar  plate  of  wood, 
with  a  hole  in  the  middle,  two  inches  and  a  half  over,  fo  as  to  let  the  neck 
of  a  retort  pafs  through  it,  when  fitted  into  the  fquare  hole,  inftead  of  the 
former.  A  pair  of  folding-doors  ftiould  alfo  be  made,  to  ferve  as  the  flat  top 
>or  cover  of  the  furnace  ;  the  middle  part  of  which  doors  muft  be  cut  into  a 
round  hole,  of  five  inches  diameter,  to  let  out  the  neck  of  the  cucurbit,  or 
bolt-head,  ufed  in  digeftion.  In  the  laft  place,  there  muft  be  a  round,  flat 
piece  of  wood,  fix  inches  in  diameter,  to  cover  this  upper  orifice,  when  the 
furnace  is  ufed  for  diftilling  by  the  retort. 

6.^In  order  to  work  this  furnace,  we  muft  be  provided  of  a  fquare,  flat- 
bottom’d  earthen  pan,  (landing  upon  three  feet,  about  half  an  inch  high  ; 
the  height  of  the  pan  being,  from  the  bottom  of  the  furnace  to  its  up¬ 
per  rim,  three  inches  and  a  half :  at  the  bottom  of  this  pan,  a  little  lifted 
afhes  muft  be  lightly  fprinkled,  a  quarter  of  an  inch  thick  ;  then  an  ignited 
coal  of  Dutch  turf,  firft  burnt  till  it  yields  no  more  fmoke,  is  to  be  laid  upon 
this  bed  of  allies,  and  covered  by  lifting  more  of  the  fame  afhes  lightly  upon 
it;  whereby  an  equable,  moderate  heat  may  be  kept  up  for  near  twenty-four 
hours.  The  lefs  afhes  the  burning  coal  is  covered  with,  the  more  heat  it 
yields,  but  the  fooner  it  expires.  This  furnace  works  without  yielding  any 
fmoke,  or  difagreeable  fmell;  and  affords  fo  gentle  and  equable  a  heat,  that, 

I  believe,  eggs  may  be  hatched  by  it  ;  tho*  it  may  be  railed  high  enough  to 
make  water  boil,  or  higher  :  and  confequently  will  commodioufly,  fafely, 
and  at  fmall  expence,  perform  all  kinds  of  digeftions,  and  diftillations  of  a- 
queous  and  fpirituous  liquors,  volatile  alkaline  falts,  and  volatile  aromatic 
falts,  or  tindlures,  exhalations,  I  have  even  diftilled  Glauber* s  fpirit 

of  nitre,  and  fpirit  of  fait ;  in  this  furnace  ;  which  is  therefore  a  fit  furnace  for 
ftudents. 

The  fecond  7.  If  a  furnace  be  required,  capable  of  giving  a  ftronger  heat,  fo  as  to  di- 
fumace.  ftp  infand,  I  judge  the  beft  contrivance  for  a  ftudent  in  the  art,  is  the  fol¬ 
lowing:  and  as  portable  furnaces  are  the  moft  commodious,  on  account  of 
See  plate  leaving  the  chimney  of  the  laboratory  free,  I  {hall  here  defcribe  one  of  the 

XIV.  portable  kind.  Let  a  hollow  cylinder  be  made  of  thin  iron  plate,  feventeen 

inches  in  diameter,  and  nineteen  inches  high,  the  lower  end  to  be  clofed,  and 
the  upper  end  open  ;  let  the  bottom  be  fupported  with  three  iron  feet,  twelve 
inches  long,  and  let  the  irombottom  be  covered  on  the  infide  with  a  copper¬ 
plate,  left  the  fait  in  the  afhes  fhould  otherwife  foon  corrode  the  iron.  Let 
a  grate  be  fixed  in  this  cylinder,  fo  that  the  upper  furface  thereof,  bting  pa¬ 
rallel  to  the  bafe  of  the  cylinder,  may  rife  four  inches  above  it.  Let  the 
grate  be  furrounded  with  a  flat  ring  of  plated  iron,  three  inches  and  a 
half  broad.  Let  the  bars  of  the  grate  be  flat,  half  an  inch  wide,  and  fet 
at  the  diftance  of  an  inch  from  each  other.  This  iron  rim  of  the  grate  muft 
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reft  upon  three  iron  pins,  (licking  out  on  the  infide  of  the  furnace,  to  fix 
the  grate.  Let  the  alh-place  be  fitted  with  an  iron-door,  four  inches  high, 
and  fix  inches  wide,  to  move  upon  hinges,  and  (hut  exadlly  clofe.  At  the 
height  of  three  inches  from  the  upper  furface  of  the  grate,  let  the  bottom  of 
the  fire-place  begin;  and  make  the  whole  fix  inches  wide,  and  four  inches  and 
a  half  high.  Next,  defcribe  an  ellipfis,  with  the  diftance  of  fifteen  inches 
between  the  foci,  and  a  perpendicular  of  five  inches,  from  the  focus  to  the 
circumference ;  and  make  a  wooden  model  of  half  fuch  an  ellipfis,  cut  off  at 
the  foci.  This  model  is  to  ferve  as  a  core,  in  forming  the  cavity  of  the  fur¬ 
nace,  by  adjufiing  fine  brick-work,  in  correfpondence  to  the  figure  made  by 
revolving  fuch  a  model  about  its  axis  ;  and  thus  leaving  but  little  fpace  be¬ 
tween  the  joinings,  to  be  exadtly  filled  up  with  mortar.  But  before  this  is 
done,  let  a  Hopper  be  made  for  the  fire-place,  of  the  fame  iron  plate,  and 
of  the  fame  cylindrical  furface,  and  internal  fubllance,  as  the  furnace  it  felf :  . 
the  outer  rim  of  this  Hopper  (hould  over-fpread  the  opening  of  the  fire¬ 
place,  an  inch  every  way  ;  whilH  thejmternal  furface  exactly  coincides  with 
the  internal  furface  of  the  furnace,  when  the  Hopper  is  applied.  The  top 
of  the  cylindrical  part  of  the  furnace  muH  be  cut  into  a  hollow,  three 
inches  wide,,  and  two  deep,  on  the  fame  fide  with  the  door,  in  order  com- 
modioufly  to  receive  the  neck  of  the  retort,  in  difiillation.  Lafily,  an  iron 
pot  mufi  be  fitted  into  the  upper  opening  of  the  furnace,  and  fixed  fo  clofe 
and  Hrong,  with  brick  and  mortar,  that  the  work  may  neither  crack,  nor  let 
the  fire  efcape  ;  but,  near  the  upper  rim  of  this  pot,  there  muH  be  left  in  the, 
brick- work,  four  vent-holes,  made  in  the  form  of  erefeents,  an  inch  over  in 
their  widefi  part,  and  two  inches  in  their  curvature,  to  difeharge  the  fmoke, 
and  make  a  draught  of  air  to  animate  the  fire  occafionally.  And  thus  you  will 
have  a  furnace  fit  for  difiilling  by  the  cucurbit,  retort,  or  bolt-head;  and  . 
being  portable,  it  will  alfo  ferve  for  many  other  operations.- 

8.  The  third  furnace,  which  no  laboratory  can  be  without,  is  a  Balneum  The  third 
' Maria ,  made  like  the  two  former;  excepting,  that  the  difiance  from  the  fur ~  furnace- 
face  of  the  grate,  to  the  bottom  of  the  cylindrical  copper-ve(fel,  is  only  eight  <,  ,  xy 

inches.  But  the  copper- veflel  it  felf,  to  be  ufed  for  the  balneum ,  and  fafien-  1 
ed  in  brick- work  at  the  top  of  the  furnace,  is  twelve  inches  deep  ;  and  in  its 
upper  part  has  an  horizontal  rim,  an  inch  wide,  whereby  it  hangs,  and  is 
fupported  by  the  furnace:  and,  above  this  flat  rim,  rifes  a  perpendicular- 
edge,  an  inch  high.  To  this  furnace  belongs  another  veflel,  capable  of  en- 
tringthe  former,  without  touching  the  fides  and  bottom  thereof  by  an  inch-  ;  , 
and  rifing  five  inches  above  the  breafi  of  the  furnace.  This  veflel  has  a  rim  ■ 
fixed  on  its  outfide,  eleven  inches  from  the  bottom  ;  which  rim  turns  a  little 
downwards,  where  it  is  broad  enough  to  cover  the  mouth  of  the  other  vef- 
fel,  fo  as  to  clofe  it  by  wrapping  over  it.  On  one  fide  of  this  broad  rim  of 
the  fecond  veflel,  there  is  a  pipe,  thro’  which  water  may  be  fupplied  to  the 
firfi  veflel.  The  neck  of  this  fecond  veflel  is  fitted  to  receive  a  Hill-head,, 
whofe  pipe  entring  a  pewter- worm,  pafling  through  a  worm-tub,  makes  a 
proper  apparatus  for  difiilling  in  balneo  Maria  .vand  thuslikewife  alcohol  may 
be  difiilledj  by  ufing  the  particular  till  head  above  deferibed,  for  thepurpofe. 
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The  fird  of  thefe  two  veflels  may  likewife  be  turned  into  a  dill,  by  dap¬ 
ping  on  an  alembic-head,  and  working  with  a  worm,  and  its-  refrigeratoryt 
fo  as  to  perform  with  it  all'  the  common  didillations  in  any  degree  of  hea 
up  to  two  hundred  and  twelve. 

9.  A  fourth  furnace  is  alfo  required  in  a  laboratory,  to  raife  a  ftrotig  fire 
for  the  melting  of  bodies  not  eafily  fufed^  the  bed  furnace  for  which  pur- 
pofe,  is  thus  made.  Let  a  done-arch  be  built  three  feet  high,  as  a  bads 
whereon  to  raife  this  furnace  fo  that  the  operator  may  commodioufly 
look  into  the  fire  whild  he  dands  eredt  ;  then  make  an  afh-hole  five  inches 
high,  upon  this  bafis,  and  over  that  fix  in  a  grate,  confiding  of  iron- bars 
near  an  inch  thick,  and  fet  at  about  an  inch  didance  from  each  other.  Let 
the  bottom  of  the  grate,,  and  the  afh-hole,  be  of  a  circular  figure,  twelve 
inches  in  diameter,  and  build  up  the  cylinder  fix  inches  above  the  grate  ; 
then  raife  upon  it  a  parabolic  cone  with  an  axis  of  eight  inches  and  its  lower 
ordinate  of  fix  ;  whence,  the  latus  return  will  be  four  inches  and  a  half!,  and 
the  focus  one  inch  and  an  eighth  of  ^n  inch  from  the  vertex.  Over  this 
parabolic  cone  of  fix  inches,  build  a  cylindrical  chimney  of  three  inches  dia¬ 
meter,  and  two  feet  high.  In  the  front  of  the  fire-place,  two  inches  above 
the  grate,  make  a  door  five  inches  wide  and  fix  high,  and  arch  it  at  top 
with  the  arc  of  a  circle  twelve  inches  in  diameter.  At  the  height  of  an 
inch  above  the  arch  of  the  door,  make  a  conical  bole  in  the  furnace,  two 
inches  wide  on  the  outfide,  that  the  operator  may  look  downwards  into 
the  fire,  when  any  thing  is  melting  ;  and  let  a  dopper  be  exadlly  fitted  to 
this  opening.  The  furnace  mud  be  built  with  good  brick  and  terras,  an-d 
have  its  fides  five  inches  thick;  the  internal  furface  thereof  being  laid  fmooth 
with  cement:  and  thus,  when -once  heated,  it  will  raife  a  mod  violent  fire, 
efpecially  in  its  middle  and  upper  part,  as  eafily  appears  from  geometry. 
The  iron*  door  mud  be  made  to  fhut  very  clofe,  by  being  received  into  a 
niche  left  for  the  purpofe,  in  the  fide  of  the  furnace;  and  the  bottom  of  the 
afh  hole  fhould  be  laid  with  an  iron-plate,  to  fecure  matters  that  may  happen 
to  fall  through. 

10.  A  chemical  laboratory  mud  alfo  neceflarily  have  a  particular  furnace 
for  diddling  the  mineral  acids,  as  thofe  of  fea-falt,  nitre,  alum,  vitriol,  &c 
After  feveral  trials,  I  judge  the  following  fitted  for  the  purpofe.  Upon  the 
pavement  of  the  laboratory,  under  the  chimney,  build  up  a  parailelopiped 
twenty  inches  broad  in  front,  and  thirty-eight  inches  long  ;  let  the  cavity 
be  twelve  inches  wide  in  front,  and  twenty-two  inches  long,  which  gives 
the  thicknefs  of  the  wall;  let  the  parailelopiped  be  raifed  eleven  inches  high  ; 
make  a  door- way  in  the  middle  of  the  front,  rifmg  eleven  inches  from  the 
ground  and  four  inches  wide,  leaving  an  indenture  on  the  front  of  the  furnace 
to  receive  an  iron-door,  and  let  it  in  clofe  occafionally.  This  part  of  the 
apparatus  regards  the  afh-hole,  and  air-vent  of  the  furnace.  Indead  of  a 
grate,  here  ufe  prifmatic  iron-bars,  an  inch  wide  and  fourteen  inches  long  5 
placing  them  an  inch  afunder,  parallel  with  the  breadth  of  the  afh-hole. 
Now  deferibe  an  ellipfis  in  the  upper  cavity,  upon  this  parailelopiped, 
with  the  foci  twenty-two  inches  afunder,  and  the  tranfverfe  diameter  of  twelve 
inches ;  whence,  the  breadth  of  the  fire-place,  will,  at  both  ends,  be  about 
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ten  inches.  Next  let  there  be  a  cavity  formed,  of  this  elliptical  figure,  four 
inches  and  a  half  deep  on  the  infide;  and  complete  the  external  part  in  a  pa- 
rallelopiped  form.  In  the  front- wall,  immediately  over  the  afh-hole,  make  a 
door- way  to  the  fire-place,  feven  inches  wide,  and  nine  inches  high  ;  and  let 
the  bottom -edge  of  this  door- way  flope  an  inch  and  a  half  downwards,  that 
it  may  be  exactly  fitted  with  an  iron-door  :  let  the  lower  line  of  the  door  be 
three  inches  above  the  upper  line  of  the  afh-hole.  In  the  other  longer  fide, 
there  muft  be  an  arched  opening,  with  its  lower  limit  riling  ten  inches  above 
the  grate,  and  being  twenty  inches  long,  and  twelve  inches  high  ;  and  the 
elliptical  arch,  with  its  foci  twenty  inches  afunder,  and  its  tranfverfe  dia¬ 
meter  twenty-four.  This  opening  is  for  the  diftilling  veflels  to  be  put  in, 
and  taken  out  at.  On  the  internal  fide,  oppofite  to  this  opening,  at  the 
height  of  nine  inches  above  the  grate,  a  ledge,  of  an  inch  and  a  half,  muft  be 
left,  to  fupport  the  veflels  employed  in  the  diftillation  ;  and  in  the  middle  of 
the  upper  part  of  this  wall,  there  muft  be  a  fquare  hole,  three  inches 
wide,  and  two  inches  high,  for  the  chimney.  The  upper  elliptical  arch 
muft  next  be  made  ;  whofe  vertex  is  to  rife  twenty-one  inches  above  the 
grate,  the  axis  of  the  ellipfis  twenty  two  inches,  and  the  tranfverfe  diameter 
ten.  Let  fuch  an  arch  therefore  be  ftruck,  by  revolving  fu’ch  an  ellipfis  a- 
bout  its  axis,  reaching  fixteen  inches  from  the  grate.  When  this  furnace  is 
ufed  for  diftillation,  two  cylindrical,  earthen  long-necks,  twelve  inches  high, 
and  nine  wide,  having  cylindrical  necks  five  inches  long,  and  three  inches 
and  a  half  in  diameter,  are  to  be  placed  horizontally,  and  parallel  to  each 
other  ;  fo  that  their  bottoms  may  reft  upon  the  ledge  in  the  oppofite  wall ; 
whilft  their  mouths  lie  parallel  to  the  opening  they  are  put  in  at;  which  open¬ 
ing  is  now  to  be  perfectly  clofed  up  with  brick  and  mortar,  leaving  the  necks 
of  the  veflels  flicking  out,  whereto  earthen  pipes  being  applied,  and  their 
other  ends  fixed  into  receivers,  the  operation  may  be  thus  begun.  This  fur¬ 
nace  will  raife  a  furprizing  degree  of  heat ;  being,  at  the  fame  time  fafe  and 
eafy  to  manage.  It  likewife  directs  all  the  force  of  the  fire  upon  the  fubjedfc 
to  be  diftilled;  and  may  eafily  be  regulated  by  means  of  the  afh-hole. 

ii.  The  furnace  for  allaying  is  fo  well  defcribed  by  Ercker  and  Agricola ,  Other furn*. 
that  we  need  not  mention  it  here  ;  and  the  common  ftill,  with  its  worm,  and  cesbere 
worm-tub,  is  too  well  known  to  be  infilled  upon.  So  that  here,  at  length,  * 
we  finifh  the  fecond  part  of  our  undertaking. 
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with  occafional  Notes  to  explain  what  is  obfcure,  and  fhew  how  far  the  feveral  Plans  of  the 
Author,  for  the  Advancement  of  all  the  parts  of  Knowledge,  have  been  executed  to  the  pre- 
fent  time,  in  3  Vol. 

III.  A  new  Pradlice  of  Phyfrc,  wherein  the  various  Difeafes  incident  to  the  human  Body- 
are  defcribed  ;  their  Caufes  aftign’d,  their  Diagnoftics  and  Prognoltics  enumerated,  and  the 
Regimen  proper  in  each  deliver’d  ;  with  a  competent  Number  of  Medicines  for  every  Stage 
and  Symptom  thereof,,  prefcribed  after  the  manner  of  the  mod  eminent  Phyficians  among 
the  Moderns  ;  and  particularly  thofe  of  London.  The  whole  formed  on  the  Model  of  Dr. 
Sydenham,  to  execute  the  Defign  of  his  Proceffus  lntegri,  in  2  Vol.  The  Fourth  Edition 
.Corrected. 

IV.  New  Experiments  and  Qbfervations  upon  Mineral  Waters,  directing  their  farther  Ufe, 
for  the  Prefervation  of  Health  and  the  Cure  of  Difeafes.  By  Dr.  Frederick  Hoffman,  Coun- 
fellor  and  Phyfician  to  the  King  of  PruJJia,  and  Fellow  of  the  Royal  Society.  Extracted 
from  his  feveral  Efl'ays  upon  this  Subjedt,  and  illuftrated  with  Notes. 

V.  Three  Eflays  in  Artificial  Philofophy  or  Univerfal  Chemiftry,  ‘viz. 

1  ft.  An  Effay  for  the  farther  Application  and  Advancement  of  Chemiftry  in  England. 

2d,  An  Efl’ay  for  the  Improvement  of  Diftillation,  in  the  hands  of  the  Malt-Stiller,  Redli- 
Her,  Compounder,  and  Apothecary. 

3d,  An  Effay  for  concentrating  Wines,  and  other  fermented  Liquors,  or  taking  the  fuper- 
iluous  Water  out  of  them  to  advantage. 

VI.  Philofophical  Principles  of  Univerfal  Chemiftry,  or  the  Foundation  of  a  fcientifical 
Manner  of  inquiring  into,  and  preparing  the  Natural  and  Artificial  Bodies  for  the  Ufes  of 
Life,  both  in  the  fmaller  Way  of  Experiment  and  the  larger  Way  of  Bufinefs  ;  defign’d  as 
a  general  Introduction  to  the  Knowledge  and  Pradlice  of  Artificial  Philofophy,  or  Genuine 
Chemiftry  in  all  its  Branches.  Drawn  from  the  Collegium  J  enenfe  of  Dr.  George  Em  eft 
Stahl. 

VII.  Chemical  Ledlures  publickly  read  at  London,  in  the  Year  1731  and  1732,  and  fince 
at  Scarborough  in  1733  ;  for  the  Improvement  of  Arts,  Trades,  and  Natural  Philofophy. 

All  the  above  Books  pubblhsd  by  Peter  Shaw,  M.  D. 


VIII.  Chemical  Ledlures :  In  which  almoft  all  the  Operations  of  Chemiftry  are  reduced 
to  their  true  Principles  and  the  Laws  of  Nature.  Read  in  the  Mufaum  at  Oxford ,  1704. 
By  John  Freind,  M.  D.  Student  of  Chrift-Church ,  and  Profeffor  of  Chemiftry.  To  which 
is  added.  An  Appendix,  containing  the  Account  given  of  this  Book  in  the  Lipjic  Adis }  to¬ 
gether  with  the  Author’s  Remarks  thereon.  The  Second  Edition.  \ 


■i 


¥ 


•  * 


■ 


■  / 

.  '• 


*  *•« 


. 


•  »'  ■ 


' 

* 


* 


-  .  il 


. 

■ 


■ 

•  •  v'*  ' 

. 

. 

- 

t  ■ 


t  ■ 

■ 

. 

-  - 


<■ .  i 

■ 


■ 

. 

"  • 


. 


■ 


- 


• 

- 

. 


•  -  1  . 


